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REPORT OF
THE BUREAU OF MINES

1905

By Thos. W. Gibson, Director

Part I

Statistical Review
Table I summarizes the output of the mines and metallurgical works of the Province

of Ontario for the calendar year 1904. It will be seen that the total value is

$11,572,647, a decrease as compared with 1903 of $1,297,946, mainly accounted for

by the diminished yield of the nickel field, where one of the plants was closed for

part of the year, and the other was being rebuilt on a larger and more modern scale.

Table 1.—Mineral Production of Ontario 1904

Product.

Metallic :

Gold
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A comparison of tho foregoing table with those given in former years will disclose

the fact that the mineral products of Ontario, already numecous and varied, are

growing steadily in number and variety. Three metals find a place in the output of

1904 which were wanting in 1903, namely platinum, palladium and cobalt. Tho first

two of these are new entrants, and are to be credited to the Sudbury nickel field, from

the mattes of which they are obtained as bye-products. Further comment is made

on these metals on a later page. The third, cobalt, does not make it first appearance

in 1904, but has been absent from the list since 1894. Like the other two it is found

in the nickeliferous pyrrhotite, but until last year no returns of its recovery were

received at tho Bureau since tho Dominion Mineral Company ceased operations some

ten years ago. But a much more prolific source of cobalt has been opened up in the silver-

cobalt-nickel-arsenic veins of Coleman township, whose riches in silver and cobalt

stamp the discovery of these deposits as one of the most important events in the

history of the mining industry of Ontario, or indeed in that of the Dominion.

Tho following columns show clearly how this expansion in the variety of the

mineral products of the Province has gone on during the 10-year period from 1895

to 1904.

Metals
1895 1904

i $

Silver nil 111,887
Platinum nil 10,452
Palladiom nil 18,564
Cobalt nil 36.620
Iron Ore nil ' 108.068
Pig Iron nil 1,811,654
Steel nil 1,188.349
Lead Ore nil 11,000
Pig Lead nil 2.500

Zinc Ore nil 3,700

Non-Metals

Actinolite nil 102
Arsenic nil 903
Carbide of Calcium nil 152,295
Corundum nil 150,645
Feldspar nil 21,966
Graphite nil 4,700

Iron Pyrites nil 43,716
Talc nil 2,919

Thus, ten metallic and eight non-metallic substances find a place in the output

of 1904 which were lacking in 1895, only some four or five of which, such as silver,

cobalt, iron ore and pig iron had ever before been raised or produced in the Province.

The total number of substances combining to make up the mineral production of

Ontario is thirty-seven, ten of which may be classed as construction materials. A
comparison with our sislter mining Provinces, Nova Scotia and British Columbia, in

this respect, shows that in the official tables of the former, eleven products and in the

latter, sis, exclusive of the building materials, make up the list. In each case coal and

gold constitute a large part of (the output. This brief reference will make it plain how
different are the conditions of tho mining industry here from those surrounding t

on the Atlantic and Pacific coasts, and will also convey some idea of the difficulties

attending the endeavor to procure correct and complete statistics of the mineral pro-

duction of this Province.

Table II is a comparative schedule giving the value of the several mineral pro-

ducts for the last five years, and enables the progress of the various departments -f

the industry to be traced from year to year.

U M.
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Table U.^Mineral Production 1900 to 1904

Product. 1900. 1901. 1902. 1903. 1904.

Melallic

:

Gdkl
Sliver
IMatinum ...

Falladium...
C<)l)art

Cop.per
Nickel
Iron Ore
Pi)f Iron
Steel
Leail Ore...-.

Pig Lead
Molybdenite
ZiBC Ore

Less value Ontario ore smelted into pig
Iron, and pig iron converted into steel

Total metallic production

Non-Metallic :

Actinolite
Arsenic
Brick, common
Brick, paving

pressed
Building and crushed stone.
Carbide of t'alciiim

Cement, natural rock
" Portland

Cornndum
Feldspar
Graphite
Gyphum
Iron Pyrites
Lime
Mica
Natural Gas
Peat Fuel
Petroleum products
Pottery
Salt
Sewer pipe
Talc
Tile, drain

Total non-metallic production.
Add metallic production

Total production.

297,861
96,367

319,SS1
7.T6.626

11 1, 80.5

936,066
46,380

500

2,565,286

2,565,286

22,725
l,379,.'i90

26.950
114,419
650,342
60,300
99,994

598,021
6,000
5,000

27,030
18,050

544,000
91, .V)

392,823

l,8(i9.045

1.57,449

324,477
130,635

.5,000

209,738

6,733.338
2,565,286

9,298,624

244,443
84,830

229,828
58,000

188,036
8,949

589,080
1,859.970

174,428
1,701,703

347,280

680.2M3

2.210.%1
518.445

1.683.051

1,610.031

716.726
2,499.068
4.50.099

1,491.696

304,580

15,000
400

11,500

1,.500

1,275
17.000

5,016,734 7,002,499

745,000

5,678,929

436,354

5.016,734

3,126
41,677

1,530,460
37.000

104,394
aiO.OOO
168,792
107.625
563,255
53,115
6,375

20.000
13.400
17.500

550.000
39.780

342,183

1,467,940

193,9.50

323.0,58

147,948
1,400

231,374

6,257,499 5,242.575

6,150

48,000
1,411,000

42,000
144,171

1,020,000
89,420
50,795

916,221
83,871
12.875
17.8G8
19,149
14.993

617.000
102.500
199,238

1,431,054
171,315
344.620
191.965

930
199,000

6.814.352
5.016,734

7,134.135

6,257,499

13,391,634

1,6.50

1.5.420

1,561,700
45,288

218.550
845,000
144,000
69,319

1.182,799.

87,600
20,046
20.636
7,910

21.693
520,000
102.205
196,.535

3,300
1,.5.S6,674

160,000
388.097
199.971
2,625

227,000

7.628.018

5,242,575

12,870,593

S

40,000
111,.\S7

10.452
lS.5i;4

36.620
297.126

1,516.7J7
108.068

1.811.664
1.188.349

11,000
2,500

3,700

5,321,677

250,000

102
903

1,430,000
.55,4.50

226,760
700,000
152,295
6.5,250

1,239,971
150,645
21,966
4,700
10,674

43,716
406.800
37,847

2.53,.524

2,400
901,437
100,000
362,621
283,000

2,919
210,000

6,665,970
4.906,677

11,572,647

GOLD

Dealing briefly with the figures of the several products as given in Tables I and II,

it is first to be remarked that th yield of gold has again suffered a heavy decline as

compared with the previous year, when ithe production was smaller than in 1902. The
greatest output of gold in this Province was in 1899, when it had a value of $424,568.

This was when the excitement in the Lake of the Woods and Rainy Lake regions had
l?d to the erection and operation of a large number of stamp mills to itest the auriferous

quartz veins of those districts. In many cases results not being up to expectations,

and in others funds raised by the sale of non-assessable stock having been exhausted
before the mine was placed on a paying basis, the outcome of the venture was tho

closing down and virtual abandonment of the property. Too often the result was
br.Hight about or hastened by the incompetency, or worse, of the management.

Bullion was produced last year in an experimental way at half-a-dozen properties

on Lake of the Woods, Eagle lake and elsewhere, and on a slightly larger scale at tho
Sultana, Sunbeam (or A L 282) and St. Anthony Reef mines, while a good deal of
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dfvelopment work was carried on not only at the properties mentioned, but also af

'.he Laureutian and Volcanic Reef mines on lake Manitou, at the Golden Horn on

Rush bay, by the Northern Light Mines Company, the Camp Bay Mining Company,
the Eldorado Mining Company and others.

In eastern Ontario, the only gold ao^aal'y obt&ined was by the Cook Land C<.m-

I spy, near Marmora. Belmont a.-id Deloro u ort idle, but there are hopes of resin inj.'

work at both places. The Craig mine is being re-opened, and a new property, the

Star of the East in Barrie township, is under development. For the first time re-

turns were made of tne recovery of small quantities of gold and silver from the mattes

of the Sudbury nickel district. Some attention is being paid to the placer ground

on the upper Vermilion rii^r, with the view of putting a dredge at work if the gold

found in the immense gravel deposits of that region is ascertained to be present in

payable quantity.

The output of gold and other details of the industry for lljo last fivo years are

Siven in the following table

:

Gold Mining 1900 to 1904

Schedule
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All the silver produced in 1904 came from the mines of Coleman township, save

a small quantity extracted from the Sudbury nickel-copper mattes. The output was

206,875 ounces, valued at $111,887. The producing properties were the Larose, owned

by Messrs. Timmins, Dunlap and McMartin ; the Chambers-Ferland properties, includ-

ing Cobalt Hill and the Little Silver mine, now owned by the Nipissing Mining Com-

pany, Limited, New York, of which Mr. Ellis P. Earle is the head ; the New Ontario

owned by Mr. W. G. Trethewey of Toronto; and the McKinley-Darragh, of which

Messrs. Gorman & Co. of Ottawa, otherwise the Cobalt and Silver Mining Company,

are proprietors. The ore was all sold to Mr. E. P. Earle and delivered to him at New
York. Some of the shipments carried very higli values, several 20-ton carlots netting

as much as $37,000 or $38,000, the main returns being from the silver, though the

other constituents, cobalt, nickel and arsenic, each contributed to the result. Pro-

duction has been going on at an increasing rate since the close of the year, and for the

first six months of 1905 the ore shipped yielded 1,128,212 ounces of silver, valued at

$595,974. Several other properties have also been opened up in 1905 from some of

which shipments have been made.

The new camp enjoys first-rate shipping facilities, since the Temiskaming and

Northern Ontario Railway runs directly through it, and a station called Cobalt has

been established on the shore of a lake of the same name within easy distance of the

chief producing properties. The freight rate from Cobalt to New York is $7 per ton.

For a fuller account of the geology and mineralogy of this interesting and impor-

tant field, reference should be had to the report of Prof. W. G. Miller, Provincial

Geologist, published as Part II. The geological map of the area accompanying the report

was issued in advance, and has been in active demand from prospectors and others.

Considerable prospecting was done in the neighborhood of the original finds

during the season of 1904, and several fresh discoveries were made, but so far no new
fields of like kind have been located in the extensive regions of slate conglomerate :n

the neighborhood of lake Temagami and on the Montreal river. A great deal of the

territory is covered by green timber, including much valuable pine, consequently pros-

pecting must be carried on carefully, and is slow and tedious work.

Silver Mining 1900 to 1904

Schedule 1902 1904

Ore raised tons.
Ore stamped "
Bullion product Oz.
\'alue<.)f bullion $
Average men above ground No.

underground **

Wages paid for labor $

12,500
8,000

160,612
96,367

20
30

24,000

11,000
7,.560

151,400
84,830

30
35

29,.500

6,2.50

6,2.50

96,666
58,000

25
25

36,000

3.400
3.360

16.688
8.949

12
20

8.000

158
15S

206,875
111,887

29
28

12,300

PLATINUM

It has long been known that platinum occurs in association with the nickel-coppe"-

ores of the Sudbury region, mainly, it is believed, as the arsenide sperrylite, so called

after Mr. F. L. Sperry, who in 1889 first isolated it from the gossan of the Vermilion

mine.= It is also found in the ore of the Victoria, Copper Cliff and other mines of tha

region, varying from almost inappreciable quantities up to 3 dwt. and even over 7

dwt. per ton of ore, in proportion, apparently, to the percentage of chalcopyrite present.

But the fact that platinum has been recovered from Sudbury ores as part of their

commercial treatment has only recently been made public, and the successful extrac-

tion of quantities so minute is a tribute to the perfection at which modern metallur-

a 1st Rep.
references.

B. of M. pp. 91, 92; also 7th Rep. p. 142, 12th Rep. p'p~272, 282, 283; and othe«
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gical processes have arrived. By far the greater portion of the world's supply cf

platinum is derived from alluvial deposits, the Ural mountains in Russia being tha

chief source, but it is found also in New South Wales, California, British Columbia,

the Yukon, and many other parts of the world, in association with placer gold. It

can probably be claimed that Ontario furnishes the first instance of solid ore being

regularly treated for the recovery of platinum.

The yield of this rare metal for 1904 is returned at 536 ounces, which at $19.50

per ounce, had a value of $10,452. In 1902 and 1903 the riuantities obtained were

considerably larger, being for the former year 2,375 ounces, and for the latter 1,710

per ounce, had a value of $10,452. In 1902 and 1903 the quantities obtained vre:-.

considerably larger, being for the former year 2,375 ounces and for the latter 1,710

ounces, of the value, at the above price per ounce, of $46,312 and $33,345 respectively.

The yield of platinum, therefore, from the ores of the Sudbury district for the last

three years, before which little or none was obtained, was as follows

:

Quantity Value /

ounces $
1902 2.375 46.312

1903 33.345

1904 536 10.452

Total 4,621 S90,109

The above quantities were recovered, not only from the mattes treated during the

respective years, but also from the residues or accumulations of several years, so that no

data exist for estimating the tonnage of the ore from which they were taken, or how
much was obtained from (the matte in ainy one year. It is stated, and no doubt cor-

rectly, that if the mattes had to be treated solely for the purpose of winning the

platinum and other bye-product metals—details of the production of which are given

under their respective headings—the process would be an unprofitable one, and they

would not be recovered at all, but as very much of the manipulation is necessary for

extracting the nickel and copper, which provide the chief values, the subsidiary

metals, comprising gold, silver, platinum, palladium and cobalt, can be obtained at

a profit.

The prospects of the Sudbury ores furnishing a steady supply of platinum from

this time forward are however not hopeful, for the reason that until the last year

or two most of the ore raised by the principal producer, the Canadian Copper Company,

came from! the Copper Cliff group of mines rich in copper, but somewhat lass rich in

nickel, while now almost the whole of the ore smelted by that Company is taken from the

Creighton mine, which is unusually high in nickel, but comparatively low in copper.

.As the platinum appears for the most part to bear company with the copper, the yield

may be expected to be small, so long as the Creighton ore continues to be exclusively

used. It may bo added, as illustrating the comparative scarcity of platinum, that ir

British Columbia, the only other Province in Canada yielding this metal, the quantity

obtained last year was only 35 ounces.

PALLADIUM
Palladium is another of the rarer metals which appears on the list of Ontario

productions for the first time in 1904. its source is also in the nickeliferous pyrrho-

tites of Sudbury—those remarkable ores from which no less than seven different metals

are obtained : nickel, copper, cobalt, gold, silver, platinum and palladium, and from

which two other useful substances, one a metal and the other a non-metal, namely iron

and sulphur, are eliminated only to be wasted. The announcement that palladium

was being obtained by the Orford Copper Company at its New Jersey works from

fudbury matte was made by Dr. Joseph 'Wharton, Sc. D., LL.D., in an address

delivered in April. 1904, before the American Philosophical Society, and published

m Vol. XLIII of the Proceedings of that body. Dr. Wharton points out that although
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palladium belongs to the platinum group of metals, it is in some respects nearly related

also to silver, its atomic weigUt and specific gravity being respectively about 107 and
11.4, while the corresponding figures for silver are 108 and 10.5. In its high meltipg
point, however, of loOCC, it approaches more nearly to platinum, which melts at

IToO^C, and in color its grayish-white resembles the color of platinum more nearly

than that of silver. He adds

:

"Palladium has long been known to occur native in company with platinum, and
also alloyed with gold in the Brazilian mineral porpezite, which contains about 5 ti

10 per cent, of it. That it occurs in notable quantity in the nickehferous pyrrhotito
of Canada is an important recent observation. Both platinum and palladium probably
exist to a greater or less extent in all the many deposits of nickehferous pyrrhotit"
throughout the world ; certainly in those of Norway and Sweden, and particularly in
every one of the numerous deposits of that mineral which are found m the Laurentian
and Huronian rocks surrounding the little town .Sudbury, in the Province of

Ontario, Canada. The quantity^ however, is extremely small, varying from a mero
trace to one or more ounces per ton ; the average for each metal being about one
hundredth of an ounce per ton of ore, platinum and palladium usually being present
in approximately equal parts. Yet, though known to exist in many parts of the world,
palladium has not been diligently sought for, because there was until recently no con-
siderable demand for it ; the re-working of platiniferous residues from the mints of
several countries having supplied most of that which appeared in commerce. The
prevailing scarcity of platinum is now directing attention to palladium as a practicable
substitute for some purpo.ses The form iii which palladium there
[i. e. in the Sudbury ores] occurs has not been detected, for owing to its minuta
quantity and the consequent difficulty of isolating it. none has yet been directly
observed in any ore of that region ; since, however, platinum occurs there as arsenidi:
in the interesting mineral sperrylite (PtAs2), palladium may exist in similar com
bination, though none has been observed in any specimen of sperrylite that has beer,
examined "

The uses of palladium are enumerated by Dr. Wharton as follows

:

"1. For the mechanism of delicate instruments, such as chronometers, and foi

verniers, etc., of astronomical instruments.
"2. For surgical instruments.
"3. For plating searchlight mirrors. Why not for the mirrors of reflecting tele-

scopes ?

"4. For alloying with silver to make dental plates, etc., instead of the two-thirds
silver one-third platinum hitherto used in Europe. Also as palladium amalagam for

fillings in cavities of teeth.

"Other uses will naturally arise as men's minds are turned toward this metal
which, while in many respects equal to platinum, sells for no more than the price b/

weight of that metal, and of course therefore for much less than that by bulk; th j

specific gravity of platinum being variously stated as 17 to 19, and that of palladium
as 11.4 to 11.8. It would seem that palladium might be useful under some circumstances
for resistance wire."

An interesting general description of the method of obtaining palladium from the

matte is given by Dr. Wharton, though, as he states, he purposely refrains from giving

all details of the various stages of the process. He says

:

"The concentrated matte is treated for separation of copper from nickel, which
is effected by repeated melting with nitre cake and coke in cupola furnaces. The
coke converts the nitre cake into sodium sulphide ; when the charge is run out of the
furnace and cooled it separates easily into two parts, the bottoms containing prac-
tically all the nickel, the tops consisting of sodium sulphide and copper sulphide; the
gold and silver going with the tops, the platinum-group metals going with the bottoms.
In the refining processes that follow, palladium is obtained as a slime, carrying about
a thousand times as much palladium proportionally as did the original ore, carrying
also the other platinum-group metals, and the gold and silver. This palladium-bearing
slime is melted and refined in a small reverberatory furnace, from which it is ladled
out into cold water, forming shot which are charged into small leaden towers, into
the top of which hot dilute sulphuric acid is run. Palladium and the other precious
metals being electro-negative" to the base metals, a galvanic action now takes place in
which nickel, copper and iron dissolve rapidly, leaving palladium in a black mud con-
taining two per cent, or more of that metal. If this residue still contains much copper,
that is mostly eliminated by further treatment with hot sulphuric acid until the stuff
contains about 25 per cent, of palladium, when it is treated with aqua-regia, thus
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dissolving all the platinum, palladium and gold. From this solution platinum -s

precipitated by ammonium chloride. The palladium in the filtrate is electrolytically

precipitated with a platinum anode, appearing as a dull gray metal which is hard and
brittle, peeling off easily from the cathode. It is then dried and ignited in a reducin?

atmosphere, when it takes great brilliancy and becomes very soft and pliable, cajable

of being worked into any ordinary form. I have, for instance, a remarkably nije

teaspoon made of it."

In further exposition of the properties of palladium, Dr. Wharton asserts that

besides having so very high a melting point, and being at the same time both hard,

ductile and malleable, palladium is so absolutely non-corrodible that a sheet of it mav
hang for a long time in a laboratory exposed to chlorine and hydrogen-sulphide gases

without losing its polish or being tarnished. He also comments upon its wonderful

power of occluding hydrogen gas. being capable of absorbing as much as 1,030 volumes,

at which point complete saturation is probably reached. In the occlusion of hydro-

gen, palladium exhibits its affiinity to platinum, which possesses a similar property,

but in a less degree.

Regarding the quantity of palladium produced. Dr. Wharton states that there

is now a steady production by the Orford Copper Company of more than 3,000 ounci-s

annually, from approximately 300,000 tons of Canadian ores treated. According to

the returns made to this Bureau, the production for 1904 was on a much smaller

scale, being 952 ounces, which valued at $19. .TO per ounce, the same price as for

platinum, was worth $18,564. During 1902 and 1903, however, the output exceeded

Dr. WTiarton's figures, as shown in the following table:

Quantity Value
ounces $

1902 4,411 86,014
1903 3,177 61,952

t904 952 18,564

Total 8,540 8166,530

Palladium as well f.s platinum is found in British Columbia, the report of the

Consolidated Cariboo Hydraulic Mining Company, Limited, for 1904, showing that

the heavy concentrates remaining in the sluices after cleaning up yielded on analysis

61.4 ounces of palladium per ton, as well as 64 ounces of platinum and 42 ounces ri

osmiridium. The platinum, palladium and osmiridium were found as minute metallic

grains and enclosed in small fragments and nuggets of magnetite and chromite. The

gold, silver and copper contents of these concentrates brought the total value up t:

$5,993.56 per ton.

3

COBALT

As already stated, the last production of cobalt from Ontario ores reported to tha

Bureau previous to 1904 was in 1894, when some 3J tons were returned, valued %i

$1,.500. Inclusive of 1894 the total output up to that time appears to have been 30}

tons, worth $14,613. In 1904 the yield was 29 tons, worth $36,620. This came from

two sources : (1) the nickel-bearing ores of the Sudbury region, and (2) the silver-

cobalt-nickel-arsenides of Coleman township, already referred to under the heading

of silver, the latter producing a little more than half. As in the case of platinum and

palladium, cobalt has been obtained in refining the Sudbury mattes for the last three

years, the total quantity obtained in this time being a little over 32 tons. The materi<il

treated during this period consisted for the most part of the concentrated matte made
at the Ontario Smelting Works by crushing, calcining and re-smelting the ordinary

or low-grade mattes produced at the Copper Cliff smelters, and doubtless residues from

mattes of the same kind previously treated for nickel and copper. In re-modelling

and modernizing the smelting works at Copper Cliff after the Ontario plant was
destroyed by fire, Bessemer converters were substituted for the Brown calciners, and

3 Company's Seventh Annual Eeport, published in The Mining Record, Victoria, B.C., March,
1905.
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in the process of converting the low-grade into high-grade matte in the Bessemer con-

verters, practically all of the cobalt is blown out and wasted ; since this metal oxidizes

in the early stages of the blowing process, along with the Iron, leaving the nickel

and copper in the matte. As both the Canadian Copper Company and the MonJ
Xickel Company now produce Bessemer matte exclusively, the production of cobalt

from the Sudbury ores is likely, for the time being at least, to cease. The fact that

the cobalt is lost in the Bessemer process does not prove that process to be an uneco-

romical one, since its other advantages from a monetary point of view are more than

sufficient to counterbalance the loss in this respect.

The extinction of this source of supply of cobalt, however, by no means implies

the disappearance of cobalt from the list of minerals produced in Ontario. Indeed,

the new resources of this metal now being exploited in Coleman township are of mucti

greater extent and value as a source of cobalt than the pyrrhotites of Sudbury, ia

which it is present in small percentages only. The ores of Coleman aie no doubt thfi

lichest ores of cobalt now being mined anywhere, containing as they do up to 18 per

cent, of the metal. Shipments from Cobait station during the first six months of 1905

contained a total of 6o tons of cobalt, valued at $80,560. The gross weight of the ore

was 801 tons, the average cobalt contents being thus 7.3 per cent.

It is not a little curious—yet considering the natural affinities of the two metals,

not surprising—that as Ontario has wrested the supremacy from the island colony of

New Caledonia in the production of nickel, so also is it now bidding fair to accomplisli

the same result in the production of cobalt. In fact, it may almost be said that it

has already done so, since the price of cobalt which in the Bulletin du Commerce, pub-

lished in Noumea, New Caledonia, was quoted in OctoEer, 1904, at 1-50 to 160 franjs

per ton (2,240 lb.) for ore containing 4 per cent, cobalt, had in March 1905, after

regular shipments from the Coleman veins had begun, fallen to 100 to 125 francs.

Nor is this to be wondered at, when the ores are compared, the New Caledonia

product carrying 4 or 5 per cent, cobalt alid the Ontario ore 16 or 18 per cent.,

to say nothing of the other constituents, silver, nickel and arsenic. The price

which the cobalt miners in Coleman receive for their output in New York is about

65 cents per lb. of cobalt contents, or say $195 per ton (2,000 lb.) of 15 per cent, ore,

which comparps with $29 per ton for 4 per cent, ore in New Caledonia in October,

1904, or $22 in March, 1905.

There is no guarantee, of course, beyond existing contracts, that these prices for

Ontario ore will be maintained. The demand for cobalt is a limited one, which only

new uses for the metal or its compounds can materially extend ; and should there bi-

a greater production at any time than the market can absorb, the result must be that

prices will fall. Fortunately for the mine-owners of Coleman, the majority of thf.

deposits are worked chiefly for their silver contents, cobalt being largely a bye-

product, consequently this metal could sustain a severe fall in price without materially

effecting the prosperity of the camp or the value of the mines. There are, however,

cne or two deposits which yield cobalt with little or no silver.

The working properties during 1904 are the same as those enumerated under thi

beading of Silver, and for greater detail the reader is referred to the report of the

Provincial Geologist.

NICKEL AND COPPER

As compared with 1903 the output of nickel was less in quantity by 2.255 tons,

and in value by $982,321. The falling off has been already explained as being du9
to the partial cessation of production by the Canadian Copper Company, whose new
smelting plant was finished and put in operation during the year, and to the

suspension of the treatment of their own ores by the Mond Nickel Company. The
latter's Bessemer converters were in use part of the year by the Canadian Copper
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Company for concentrating the low-grade mattes made at Copper Cliff. Tho Creightou
riickel mine continues to produce from its open-cast workings most if not all of f^ho

ore smelted at Copper Cliff, the ease with which it can be mined and its high contents

of nickel having for the present put all the Company's other deposits in the background.
The quantity of ore exposed and in sight at the Creighton mine is estimated as equal
to 20 or 25 years' supply at the present rate of extraction, which is not far from
1 ,000 tons per day. From the several mines owned by this company there were raised

during 1904 the following quantities of ore:

Tons
Copper CliD 14.713
No. 2 336
Creighton 169.911

Total 184,960

The Mond Nickel Company, whose works are situated at Victoria Mines, smelted
no ore last year, but raised 5,935 tons from their Victoria No. 1 mine, and 12,493 tons
from the Nonch Star, a property recently acquired from Mr. A. McCharles of Sudbury.
This company is making arrangements to re-open its mines and works.

None of the other companies or firms interested in the Sudbury nickel district

engaged in" active business last year, and it seems as if other concerns were chary

of entering into competition with those already established in the field. Mr. Thomis
A. Edison, the famous electrician and inventor, whose experts prospected the nick.>l

belt with magnetic instruments in the hope of locating hidden or underground bodies

oi ore, has not, so far as known, met with great success, but it is understood thero

B a likelihood of his re-entering the field and resuming operations. The northern

nickel range, owing to lack of railway facilities, has not yet become the scene of actual

mining. Should a line be built from Sudbury or some other point on the Canadian
Pacific across the northern range to the iron ore bodies in Hutton township, it would

probably give life and activity to both these regions, whose resources will continue

to lie dormant until that day arrives. Neither nickel nor iron mines can be opened

up or worked unless served by a railway.

One feature which marks the development of industrial activity in the nickel

region is the use which is beginning to be made of the water powers with which it his

been by nature lavishly endowed. For instance, on the Vermilion river in Creighton

township, at High falls on the Spanish near Turbine station, and in Dryden township

on the Wahnapitae, three separate water power developments are in progress at tho

present time, each on a considerable scale, the first and last with a view to supplying

the towns, villages and mines with cheaper power than can at present be obtained by

the use of steam, and also no doubt in the hope of assisting to locate in the neighbor-

hood industrial enterprises requiring considerable motive energy, such as pulp and
paper mills, woodworking establishments, etc. The privilege on the Spanish river is

being improved by the Canadian Copper Company for supplying power to operate its

mines, provide electric lighting, etc. Now that the electrical transmission of energy

generated bj- falling water has so immensely increased the usefulness of water powers

by lengthening the radius within which they can be used, it may be expected that

similar developments will take place in many other parts of northern Ontario, in which

water powers, large and small, are numerous.

The quantity of nickel contained in the silver-cobalt-nickel ores of Coleman town-

ship shipped during the year was 14 tons.

The following table gives statistics of nickel and copper production for the past

year, and for the sake of comparison, similar details for the four preceding years

:
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Nickel=Copper Mining 1900 to 1904

Schedule 1900 1901

Ore raised tons.
Ore smelted '

Ordinary miitte produced "
High grade matte produced "
Nickel cuntent-s "
Copper contents "
Value of Nickel $
Value of Copper "
Wages paid '. "
Men employed No.

216.695
•Jii.guo

23.336
112

S.MO
3.364

7f6,626
319,681
728,946

1,444

326,945
270,380
29,588
15.M6
4,441

4,197
1,8.59,970

589,0S0
1,045,889

2,284

269,538
233,388
24,6i'l

13,332
5,945
4,066

2,210,961
616,763
835,050

1,445

152,940
220,937
30,416
14.419
6.998
4.0O,i

2,499.0lW

5S3,WC
746,147

1,277

203,388
10,!,844

19,123
6,926
4,743
2,163

1,516,747
297,126
570,901

1,063

The quality of the Creighton ore is reflected in the figures given above, which shoiv

that the ore smelted contained au average of 4.58 per cent, of nickel, which is 1.42

per cent, in excess of the average contents of the ore treated in 1903. In fact ever

since the rich product of the Creighton mine has begun to be used By the Canadian

Copper Company, the average nickel contents of the ore have appreciably risen. Thu"<,

while in 1901 the ore contained on an average 1.64 per cent, nickel, in 1902 it carried

2.54 per cent., in 1903 3.16 per cent., and in 1904, when virtually only Creighton om
was used, 4.58 per cent.

The values given in the foregoing table are based on the selling prices of nick^jl

and copper in the matte, in which form the metals are exported for reBning in th

)

United States and Great Britain.

The productive copper mines of Ontario are the deposits of the Sudbury region,

worked for nickel as the chief object of quest, though at the first it was the chalcopyrit.j

showings at the surface that attracted attention. The purely copper ore bodies,

situated mainly on the north shore of lake Huron, of which the once famous Bruce

mijies is the best known example, are in the aggregate important, and will doubt-

less in time contribute more largely to the output than they do at present. The
Massey and Hermina mines, near Massey Station on the Sault Ste. Marie branch of

the Canadian Pacific Railway, the Superior mine near Sault Ste. Marie, and thj

T ip-top mine west of Port Arthur are all on sulphide deposits. The first mentioned

has been systematically developed, and its workings are now fairly extensive. An
Elmore oil concentrating plant was installed at the Massey mine last year, the first

in Ontario, if not in Canada, and the results of its operation are said to be satis-

factory. It is claimed for the Elmore process that it is peculiarly suited to the saving

ot finely disseminated copper sulphides such as characterize the Massey mine. The
output of the non-nickeliferous copper mines in 1904, as returned to the Bureau of

Mines, was not large, amounting to some 2,700 tons of ore containing about 121 tons

of copper. These figures, as well as those of other details of production, are included

in the table given above.

The copper contents of the nickel-copper ores smelted in 1904 averaged 1.86 per

cent., thus evidencing the fact that the ore of the Creighton mine is much less rich

in copper than in nickel.

IRON ORE

Shipments from the iron mines of the Province in 1904 amounted to 128,253 tons,

but as some 75,000 tons of this were included in the returns of 1903 as having
been mined in that year, the net product must be set down as 53,253 tons, compared
T\ith an output of 208,1.54 tons raised in 1903. As the chief working property is the

Helen mine in Michipicoten, the production of iron ore fluctuates with the fortunes

cf the Helen. In 1903 the troubles which overwhelmed the allied companies at Sault

Ste. Marie closed the mine before the end of the season of navigation, and although
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it was kept dry, pending the re-organization of the business, raising ore was not

resumed until 14th July of last year. The ore shipped was consigned to Cleveland

and Point Edward, cargoes for the former port amounting to 77,390 tons being for

M. Hanna and Company, and the Point Edward shipments for the Hamilton Steel

and Iron Company, Hamilton, Ont. The prospects for a large yield from the Helen

during 1905 are excellent, since it is now being worked vigorously, and is turning

out ore at the rate of 1,000 tons per day. Recent examinations show that the ore

body 180 feet below the old level of Boyer lake seems to be as large as ever, and the

ere of as high a grade. A shaft 120 feet lower will give access to ore nearly 400 feet

below the top of the original ore body.

A small quantity of hematite was got out at the Williams iron mine, in the

township of Deroche, part of which was shipped to the blast furnace at Sault Ste.

Marie. The quantity guaranteed by the shippers is a minimum of 50 per cent, iron

(in natural condition of ore), and a maximum contents of 0.03 per cent, phosphorus,

and 0.05 per cent, sulphur. About 6 to 10 per cent, of this ore can be used in th'j

blast furnace for Bessemer pig.

The only other productive mine last year was the Radnor, near Eganville, the
property of the Canada Iron Furnace Coinpany. This yields a magnetic ore which is

used by the company to mix with the bog ores smelted in their Quebec furnaces.

The quest for iron ores still continues. At Loon lake, east of Port Arthur, diamond
drill borings and other tests have been carried on and there seems now to be little

doubt that the hematite deposits of this region will prove of very Considerable value,

notwithstanding the fact that a proportion of the ore is not high in metallic iron.

On the banded outcroppings of magnetite on the northeast arm of lake Temagami a

diamond drill was expected to obtain evidence regarding the character of the deposit

in depth, but unforeseen difficulties were encountered during the progress of the work
which have caused it to be suspended. First, a very strong Bow of artesian watei^

was struck, and when after much labor this was got under control, the drill entered

8 seam of extremely hard gravel or fragments of rock, in which the bit revolved with-

out making any headway. It is to be hoped further development work will be under-

taken at an early date, so as to demonstrate whether the range contains bodies of

concentrated ore, or whether the surface conditions persist at depth. In the latter

case the aggregate quantity of ore will still be very large, but il will contain so high

a proportion of silica as to render artificial concentration necessary. Some of the

processes of magnetic concentration in vogue in the United States or elsewhere couU
no doubt be applied with success.

There are indications of a new hematite field on the western shore of lake Temis-

kaming, between the villages of Haileybury and Xew Liskeard, where outcroppinj^s

occur not far from the water's edge. Some miles to the west fragments of iron forma-

tion may be seen, and altogether the conditions are such as to afford color to tha

•conjecture that a buried range may exist overlaid not only by the Niagara lime-

stones, but also by a heavy burden of clay. A diamond drill would be the best im-

plement for setting the question at rest.

The Hutton range has remained untouched throughout the year, and will probably

continue quiescent until the advent of a railway enables machinery to be taken in to

open it up and provide the means for transporting the ore to market.

The deposits of magnetic ore on the Atik-okan river and near the Canadian

Northern railway station of the same name are likely to form the scene of active

operations if the intentions of the parties composing the Atikokan Iron Company, of

which a brief statement is given below, are carried into effect.

The account of the explorations carried on last year for the Bureau of Mines by

Dr. James M. Bell, in the iron ranges of Michipicoten will be read with interest, at

showing that there is much ground in that district yet to be carefully looked over

before it can be assumed that all the workable deposits have been located.
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A brief paper on the Boston iron range, situated in the township of that name,

which lies in the Temiskaming district near the height of land, gives the results of

an examination of the tract made by the Provincial Geologist last year.

PIG IRON and STEEL

There was produced in the blast furnaces of Ontario last year a total of 127,84o

tons of pig iron, valued at $1,811,664, a considerable increase over the output of 1903,

which was 87,004 tons, worth $1,491,696. Of charcoal iron the quantity made wis

10,462 tons, having a value of $140,112, the remainder, 117,383 tons, being coke irou

worth $1,671,552. The average value of the charcoal iron produced was returned as

§13.39 per ton and ol coke iron as $14.24 per ton, (2,000 lb.), which is a decided

reduction from the prices of 1903, namely $15.46 and $17.40 per ton respectively.

The ore smelted to produce the above quantity of pig iron was 2?3,605 tons, of

which 50,423 tons were raised from mines in Ontario, and 173,182 tons imported from

the United States.

The numb,:^' of blast furnaces in operation during 1904 was four, as compared

with three in 1903, the increase being due to the blowing in of one of the coke furnaces

ot the Algoma Steel Company, Limited, at Sault Sto. Marie.

A project has been launched for the erection of a blast furnace at Port Arthur

by the Atik-okan Iron Company, with the view of utilizing the magnetic ores of th"

Atik-okan range, and also of cxporfing the surplus mined from these deposits to

furnaces in the United States and Canada. The nominal capital of the Company is

$1,000,000, and the money for purchasing the mines and erecting the furnace is tt

be provided by issuing bonds to the extent of $1,000,000, of which Messrs. Mackenzie,

Mann and Company arc to take $400,000 worth, the town of Port Arthur, by way of

assisting the enterprise, $300,000 worth, and a group of American capitalists com-

fosed of Messrs. J. C. Hunter, Duluth,and De C. O'Grady and Stamford WTiite of

Chicago, the remainder. Messrs. Mackenzie, Mann and Company have taken an active

part in promoting the company, their object being to bring about the development ot

the iron ore resources of the territory in question, as well as to provide traffic for the

Canadian Northern railway. The furnace is to have a capacity of 100 tons of pig

iron per day, there is to be an ore-roasting plant capable of treating 300 tons of pig

per day, and ovens for making coke. The officers of the company are D. D. Mana.
president, J. C, Hunter, vice-president, R. M. Hunter, secretary, H. Sutherland,

treasurer. The head office is at Toronto. The municipalities of Port Arthur and Fort

AVilliam have agreed to provide a free site for the erection of the plant, with exemptiou

from taxation.

Connected with the enterprise is the Canadian Coal and Ore Dock Company in

which Messrs. Mackenzie, Mann and Company are interested, and in which they have

associated with them certain coal operators of Pittsburg, Pennsylvania. Docks for

loading ore and unloading coal are to be constructed, au'd it is expected that tha

facilities provided will do much to promote the welfare both of the iron and coal

industries of this part of the Province.

There can be no doubt that a very large market for pig iron and for manufactures

of iron and steel in every possible form is opening up on tTie prairies of the Northwest

and in the bush lands of northern Ontario. For the making of iron and steel destined

to supply these markets, it is surely more economical to bring the coal from lake Erie

I orts to lake Superior than to shiip the ore from lake Superior to the shores of lake

Erie, convert it into pig iron or manufactured goods and then pay freight on thesa

back again over the same route previously traversed by the ore. It is reasonable to

suppose that the line of least resistance will be found to exist in this direction, anJ

that notwithstanding the long established customs and course of trade, there is a

future ahead for an iron making and iron working industry established at the head

of navigation on the western shores of lake Superior.
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The steel made by the Hamilton Steel and Iron Company and The Algoma Steel

Company together amounted to 51,002 tons, valued at $1,188,349. Open-hearth steel

for various uses is produced by the former, while the output of the latter consisrted

wholly of steel rails.

The statistics of the pig iron and steel manufacture for 1901 are as follows:

Ontario ore smelted tons 50,423

Foreign " " "
173,182

Scale and Mill cinder
"

12,776

Limestone for flux
"

61,566

Coke for fuel
"

l:«.l(is

Value of fuel » 677,138
Charcoal for fuel bush 1,821,^lu

Value of fuel $ 72,851

Pig iron product tons 127.845

Value of product S 1,811,664

Steel product tons 51,002

Value of product S 1488,349
Workmen employed No. 1,522

Wages paid $ 539,482

The following table gives details of the iron and steel making industry of the

Province for the last five years

:

Production Iron and Steel 1900 to 1904

Schedule. 1900. 1901. 1902. 1903.

Ontario ore smelted tons.
Foreign ore smelted "
Limestone flux "
Coke "
Charcoal bush.
Pig iron tons.
Value pig iron S
Steel tons.
Value $

22.887
77.805
24,927
59.345

955,437
62,386
936,066

2,819
46,380

109,109
85,401
51,452

113.119
915.789
116.370

1.701,703
14,471
347,280

92,883
94,079
58.885

111,390
968,623
112.687

1,683,0.51

68,802
1,610,031

48.092
103.137
49.426
96.510
932,630
87.004

1,491,696
15,229

304,580

.50,423

173,182
61,.566

135,108
1,82;,270
127,845

1,811,664
51.002

1,188,349

The Iron Mining Fund, consisting of a sum of $125,000 originally set aside by

the Legislature in 1894, to encourage the production of iron ore and pig iron in Ontari j,

out of which $109,741.01 had been earned up to 31 October, 1903, was exhausted Dy

payment of the bounties earned during the year ending 31 October, 1904. The provi-

sions of the law were such that no more than $25,000 could be paid out in any one year

at the maximum rate of $1 per ton of pig iron produced, and that if more ore were

laised and smelted than could be paid for out of $25,000 at $1 per ton of pig meti),

the rate of bounty should suffer a proportionate reduction. The quantity of pig iron

smelted from Ontario ore eligible for bounty during the 12 months ending with

October, 1904, being 50,715 tons, 331 lb., and the amount available for payment c!

bounty thereon being $15,236.19, the rate per ton of pig iron was $0,551. The
following figures give details of the payments.

Name.
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The following table shows how the total sum of $125,000 has been expended.

Bounty on Iron Ore 1896 to 1904.

Year.
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open up granite quarries in the north, and trade customs and fashions once established

are hard to change, but it seems reasonable to suppose that among the hundreds, if not

thousands, of conveniently situated beds of granite and gneiss in Ontario, hand

specimens of which when polished present a wealth and play of color not inferior to

the imported article, suitable sites might be selected which capital and skill could

convert into remunerative and abundant' sources of first-class material.

Tlie tendency, noted in the last Report, to the extinction of small quarries and the

absorption of the trade by large and well-appointed works, conrinues unabated.

Apparently, for anything except local and transient use, the day of the small quarry

is nearly over.

Lime
The same prevalence of limestone which provides a plentiful supply of building

stone in so many parts of the Province, guarantees an equally abundant supply of

lime—an article whose usefulness is by no means confined to building purposes. There

was a fairly active demand for lime last year, notwithstanding that the returns made
to the Bureau indicate a somewhat lessened production as compared with 1905. The

average price per bushel advanced slightly over that of the previous year, being 15.6

cents, as compared with 15.3 cents. In lime-making, as in stone-quarrying, the small

producer is fast dropping out of competition with his better-equipped rivals who pro-

duce on a large scale and are possessed of modern and economical plants .

Brick

The returns of brick made in Ontario point to a smaller production in 1904

than in 1903. The unusually active demand not only in Toronto, where building was

very brisk and a large burned-over area had to be rebuilt, but in practically all

the cities and towns of the Province, led to a material advance in price, the .iverage

cost of bricks at the yard, which in 1902 was $6.41, and in 1903 $6.78 per thousand.

Laving risen in li)04 to $7.15 per thousand.

Slightly larger quantities of pressed brick and paving brick were made last year

1 comparison with 1903. For better-class houses in the cities, fronts, etc., pressed

(or rather re-pressed) brick is in good demana at considerably higher prices than ar.i

paid for common brick. The use of vitrified brick for street pavements has not

extended so rapidly as was anticipated some years ago. The principal objections are

two, (1) the noisiness of the pavement, and (2) the difficulty of obtaining brick pos-

sessing the necessary wear-resisting qualities.

Other manufactures of clay are sewer pipe, drain tile and pottery. Of the former
$283,000 worth, was made last year—a considerable advance over 1903, when the output
was valued at $199,971—and pottery, which aggregated about $100,000 in value, as

compared with $160,000 in the previous year.

Sewer pipe is made at Toronto and Hamilton, and another company is being
organized to utilize the shales of the Medina formation, outcropping on the Credit
river, in the manufacture of the same article. Notwithstanding the increase in the
home product, sewer pipe continues to be brought into the country in considerable
quantity.

Drain tile is made to the value of about $200,000 annually, the output for 1904
being $210,000. It is produced principally in tte southern and southwestern portions
of the Province, in localities where farming is most advanced, and especially where
iTie low-lying nature of the land requires ample facilities for speedily ridding the soil

of superfluous precipitation. For the most part drain tile is made in brick factories,

but occasionally a business is carried on for the manufacture of tile only.

The class of pottery made from the domestic clays of this Province is of th.e

commonest kind, such as flower pots, jardinieres, etc. Better goods are manufactured
;o some extent, but for such purposes the clay is imported, mainly from New Jersey.
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If clays or shales of the requisite quality can be found in Ontario, large industries

could be built up in the manufacture of china and tableware, as well as fire-brick and
ether refractory goods. To be adapted for such uses, clay must be clLaracterized by an

absence, or at any rate a minimum of fluxing ingredients, such as lime, potash, soda,

iion, etc. The prevalence of limestone and lime-bearing rocks in this Province, and

the absence of the Carboniferous series with its accompanying seams of fire-clay do not

provide the best condiitions for the occurrence of clay or shale beds of the right kind,

while the severe scouring to which the rock formations have been subjected in glacial

times explains the lack of residual clay deposits found in countries where ice action has

been less energetic. It is known, however, that clay beds of refractory or serai-refract-

ory character, and also of kaolin, apparently suitable for making china and porcelain,

are found on the Abitibi and other rivers of the northern slope, more or less associated

with deposits of lignite. The construction of the Grand Trunk Pacific and ex-

tension of the Teniiskaming and Northern Ontario railways wiTl make these regions

more accessible, but careful search nearer civilization is warranted in the hope that

local deposits may be found capable of supplying the raw materials for what would

ill all probability become a thriving industry .

The important place which clay and shale occupy in the industrial arts is perhaps
not generally or fully recognized. A bed of shale or a bank of clay makes no such

appeal to the imagination as does a gold or silver mine, and indeed there are not a

few people by whom the title "mineral" as applied to either clay or s£ale would not

at first be admitted. Yet in Ontario, as in many olther countries, the goods manu-
factured from clay surpass in value many times the combined output of gold and
silver. For example, the united value of the articles made of clay in this Province

last year, including bricks of all kinds, tile drain, pottery and sewer pipe, was
$2, 305, 200, while of gold and silver the yield was only worth $lol,887. If a proportion

.if the cement product, in which clay is also an important ingredient, were included

the balance in favor clay manufactures would be still greater. Undoubtedly the

chief element of value in such goods is the labor expended in producing them, but

tliiey cannot be made unless the raw materials of the proper quality exist.

In view of the great importance of the various industries which employ clay as

their raw material, the Bureau of Mines has set about making an investigation of the

clay and shale resources of the Province in the hope of collecting data that will be

oi service to those engaged in Ihese industries, and may perhaps lead to an enlarge-

ment of the uses to which the wealth of clay and shale in Ontario may piofitably be
applied. This work will be under the supervision of Prof. Miller, the Provincial

Geologist, who will be assisted by Mr. M. B. Baker, aii^ it is hoped to complete it

during the field season of 1903.

CEMENT
The cement made in Ontario is of two kinds, (T) Natural rock, and (2) Portland.

The manufacture of natural rock cement is not increasing, this article being less

highly regarded than Portland cement, notwithstanding that for many purposes it

is an efficient and satisfactory substitute. The production in 1904 as reported to the
Bureau was 85,000 barrels worth $65,250. comparing with 89,-549 barrels in 1903 worth
169,319. The average selling price at the factories remained the same as last year,

namely 77 cents per barrel.

In the Portland cement industry the expansion commented on in previous reports
continued during 1904, the production rising in quantity from 695,260 barrels in 1903
to 880,871 barrels in 1904, and in value from $1,182,799 to $1,239,971, the rate of

increase as measured by output being 26 per cent. The price however, fell off con-
siderably, averaging at the works $1.40 per barrel as against $1.70 in 1903. The number

2m



18 Bureau of Mines No. 5

of producing companies last year was nine, the Ontario Portland Cement Company's
jlant at Blue lake, near Brantford, having begun production during the j'ear. Other
factories in various stages of completion when the year closed were those of tho

Belleville Portland Cement Company, Belleville, tho Western Ontario Portland Cement
Company, Atwood, and tho Colonial Cement Company, Wiarton, The Raven Lake
Cement Company, Raven lake, went into operation just at tho end of 1904, It i^

unnecessary to make further comment on the Portland cement industry of Ontario

here, since in the present volume a detailed report upon it by Mr. P. Gillespie will

be found.

The progress of both branches of cement-making in Ontario since 1891 is set out

in the subjoined table.

Production of Cement 1891 to 1904
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producing companies continue two in number, namely, the Canada Corundum Company,
and the Ashland Emery and Corundum Company, formerly the Ontario Corundum
Company. The mines and works of the former are situated at Craigmont in the

township of Raglan, and of the latter at Now Carlow in the township of Carlow,

which adjoins Kaglan. Corundum Refiners, Limited, mentioned in the report for last

year, have not yet begun production.

Statistics of the corundum business since 1900, when the first production wa-i

made, are as under

:

Corundum 1900 to 1904

Schedule.

Corundum produced. ..., Ions
Value of product $
Workmen No.
Wages paid 9

1900.

60
6,000

35
10,000

1901.

.iSl.

53,115
68

30,40e

1902.

1,137
83,871

95
84,674

1903.

1,119
87,600

186
106,382

1904.

1,665
1oO,64d

iOi
139,548

FELDSPAR

The feldspar or microcline quarries on the line of the Kingston and Pembroke
railway last year had an output of 10,983 tons valued at $21,966, which was 4,313 tois

loss in quantity and $1,920 more in value than the production of 1903. In the latter

year the product was given an average value at the mine of $1.31, and in 1904 of $2

jer ton. The market is wholly in the United States, mainly among the potteries of

New Jersey and Ohio.

For the last five years the figures for the feldspar industry are as follows

:

Tons. Valae.

1900 4,000 $5,000
1901 5,100 6,375
1902 8,776 12.875
1903 15,296 20.046
1904 10,983 21.966

The number of employees in 1904 was 34, and the amount paid in wages $16,300.

The Kingston Feldspar Mining Company and Mr. Charles Jenkins were the producers.

IRON PYRITES

The production of iron pyrites has increased with some rapidity during the last

two or three years, the output in 1904 being 13,451 tons worth $43,716, as against

'/,469 tons valued at $21,693 in 1903. The chief producer is the American Madoc
Mining Company, which operates two deposits in the county of Hastings, one near

Bannockburn, and the other in the township of Hungerford. Another mine in th<3

same county is being opened by the British America Mining Company of Toront).

The product is shipped to the United States, where it is used in the manufacture of

sulphuric acid.

For the four years beginning with 1901, the production of iron pyrites in Ontario

has been as follows

:

Tons. Value.

1901
'.

7,000 $17,500
1902 4,371 14,993
1903 7,469 21,693
1904 13,451 43,716

In mining iron pyrites 60 persons were employed in 1904 to whom $22,875 was

paid in wages.
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MICA

There was a lull in the mica business last year, some 332 tons only of the amber
^ariety having been raised from the mines of this Province, valued at $37,847, as

compared with 948 tons worth $102,205 in 1903. The chief producers were the General

Electric Company, Sydenham, and Jas. Richardson and Sons and Kent Bros., both

ot Kingston. The number of persons employed in mining mica last year was 79, and

the amount of wages paid them $21,529.

SALT

The brine wells of southwestern Ontario in 1904 produced a total of 55.877 tons

of salt, valued at $362,621, as against 58,274 tons worth $388,097 in 1903. The market

for Ontario salt does not seem to be increasing, since the output is now less than

it was five years ago. The largest producer is the Canadian Salt Company of Wind.sor,

but there are also working plants at Goderich, Wingham, Seaforth, Clinton and Brus-

sels in the county of Huron, Kincardine in the county of Bruce, and Sarnia in the

county of Lambton.

The course of the salt business in Ontario for the last five years is shown by the

following figures

:

Production of Salt 1900 to 1904.

Schedule.
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Edward VII, became effective—applying as well to oil held in storage tanks or other

storage receptacles as to oil produced after that date—and the effect of this encour-

agement was no doubt to stimulate the production of domestic crude. The quantity

of crude petroleum in storage on 8th June and delivered to 31st December, was

3.817,447 gallons, on which a bounty was paid of $147,261.70.

As stated above, the prices of crude oil in Canada as well as in the United State.^,

declined during the year. On June 7th, just before the bounty took effect, and while

the import duty of five cents per gallon was in force, the price of Oil Springs, BothwaU
and Dutton crude was $2.13 per barrel, and of Xorth Lima crude $1.11 per barrel;

on 31st December, the price for Canadian crude waa $1.50 per barrel plus bounfy

52i cents per barrel, total $2.02i per barrel, while the North Lima article sold f )r

$1.01 per barrel.

It is estimated that about 30,o.5.5 barrels of domestic crude petroleum were used

for fuel and gas-making purposes, leaving say 461,937 barrels available for distillation.

This was implemented by the treatment of a Urge quantity of crude imported from

tlie United States in order to supply the demand for petroleum products and keep the

refineries in operation. Since the beginning of 1905 developments, especially in the

Leamington field, seem to indicate that a very considerable addition to the supplies

of Ontario crude may be looked for, and some are sanguine enough to hope that th^j

output of the Canadian wells may soon prove sufficient to meet the requirements of

the home market. The account given in this Report by Mr. E. T. Corkill, Inspector

of Mines, who visited the oil and gas fields in the early spring of the present year,

will be read with interest.

Owing to the large quantities of American oil now treated in the refineries of the

I'rovince along with the domestic article, it is no longer practicable to give the refined

products derived from the latter in separate form, hence in the table of statistics the

figures are presented of the crude product only.

NATURAL GAS

There was a marked increase in the quantity of natural gas produced in the

Province last year as compared with 1903, the value of the output in 1904 being

$253,524, and that of the previous year $196,535. The greater portion of the gas is

derived from the Welland county field, in which the Provincial Xatural Gas and Fuel

Company is the principal operator, but in the county of Haldimand a gas field of

apparent promise is being exploited with some success. It is proposed to pipe the

gas from this district into the city of Hamilton. On the outskirts of Brantford both

gas and oil have been found at Bow Park farm and elsewhere, and gas is being supplied

for illuminating purposes to the people of that city. In the new oil field at Leaming-

ton much gas accompanies the oil, and the inhabitants of that town are once more
enjoying the advantages of a gas supply, of which they were deprived when the Essex

wells ceased to flow two or three years ago.

A feature of the Provincial Natural Gas and Fuel Company's operations last year

was the extension of their supply line to the city of Niagara Falls, Ont., and to tha

neighboring village of Chippewa. Thirty miles of low pressure lines composed of 6-inc.h,

4-inch, 3-inch and 2-inch pipes were laid in Niagara Falls and three miles of 3-inch

and 2-inch at Chippewa. About 3 miles of l-J-inch and Ij-inch pipe were put in as

service lines from the mains to the meters, and in all some 1,600 new customers were

connected during the year. The price at which the gas is sold at these points is 20

cents per thousand cubic feet. Gas is also delivered by that company at Bridgeburg,

Fort Erie, Sherkston, Stevensville, Crystal Beach, and other points along the lake

shore, as well as to farmers situated along the lines. At these places the price of the

gas is 25 cents per thousand cubic feet.
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The production of natural gas in the Province for the last five years has been %.*

follows

:

Tear. Value.

1900... $392,823
1901 i-{2.1t3

1902 199,238
1903 196,535
1904 253.524

At the close of 1904 there were 176 producing wells, of which 36 had been put down
during the year ; there were also 231 miles of delivery pipe, and the number of

employees was 98, to whom $53,674 was paid in wages. There were also drilled during

the year 13 non-producing wells.

MINOR PRODUCTS

Of actinolite a small quantity—408 tons—was exported during the year, from a

deposit in Frontenac county, being valued in the returns at §102. A mill for grinding

actinolite into raw material for making fire-proof roofing, paint, etc., has been Ro-

many years in existence at Actinolite (formerly Bridgewater) but was last year injured

by a flood on the Moira river to such an extent as to cause its stoppage.

The production of arsenic in Ontario suffered an interruption when the Deloro

mines were closed down about two years ago, the auriferous mispickel in which fur-

nished a very appreciable proportion of the white arsenic consumed on the continent.

A new source of this product has been opened up in the cobalt and nickel arsenides

of Coleman township, which have already been mentioned under several headings. The

output of last year was wholly from this source, and amounted to 72 tons of arsenic con-

tained in the exported ore, valued at $903. Efforts have been made to bring about a

resumption of operations at Deloro, where and in which vicinity there are undoubtedly

large bodies of arsenical ore, and some enquiry has also been made into the possibility

of establishing works in Coleman to recover this substance from tHe ores produced

there, a nominal price only being realized at present for their arsenical contents.

The graphite obtained last year amounted to 235 tons of the crude article, valued

at $4,700. Part of this was refined at the point of production, and part was used in

the natural condition. The mines and works at Oliver's Ferry were idle during the

year, but an amalgamation of interests has been effected which is likely to lead to

renewed activity at that place. The Black Donald mine in Brougham township,

formerly operated by the Ontario Graphite Company of Ottawa, has been leased to

Mr. Rinaldo McConnell, who took possession 1st May 1904. Being largely interested

in the Globe Refining works at Oliver's Ferry, which is now in control of the graphite

properties at that place, Mr. McConnell is probably more extensively engaged in the

graphite business than any other person in the Province.

From the palaeozoic rocks of the Onondaga formation outcroppings in the valley

of the Grand river small quantities of gypsum continue to be mined or quarried from

year to year. Formerly this article was more or less in vogue as a fertilizer on certain

kinds of soil, but it is now for the most part utilized in the manufacture of wall

plaster, kalsomining materials, etc., for which there are factories at Paris and Toronto.

There was raised in 1904, 5,412 tons of crude gypsum, worth $10,674. The immense

deposits on the banks of the Moose river, described in some detail by Dr. James M.

Bell in the Thirteenth Report of the Bureau of Mines will no doubt remain unworked

until better means of communication and transport are provided.

In the peat bogs of Ontario is stored up a prodigious quantity of carbon, which

may yet be drawn upon in a commercial way and used as fuel. The manufacture of

compressed peat by the Dobson process jontinues at Beaverton, where some 800 tons,

worth $2,400, were made in 1904. Thii, industry is also being established at Alfred,
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where a plant capable of turning out 50 tons of fuel per day has been erected by the

Montreal & Ottawa Peat Co., Limited, with a capital of $75,000 and head office at Ot-

tawa, of which George H. Perley is president and A. W. Fleck secretary-treasurer. The
company own a peat-bog comprising 300 acres of firsl^class quality adjoining the

railway. Lying about midway between Ottawa and Montreal, this factory will

send fuel into both markets. At, the other end of the Province, near Fort

I'rances, a factory is being put up by the Manitoba Peat Company to work a very

large bog of good quality. If a good article of fuel can be produced, of which the

promoters of the company have no doubt, it is sure of a free sale in Winnipeg, where

anthracite sells for $11 per ton and more, and where in consequence the fuel questioi

is a pressing one. An effort is being made by Messrs, D. H. and E. V. Moore 'f

Peterborough, to introduce the manufacture of peat fuel by the ''machine" methols

so commonly used in Europe. It is claimed for "machine" peat that being compacted

by shrinkage during the process of drying, it will not disintegrate when burning, au

objection brought against the briquettes made by compression. Mr. Moore has in-

stalled an experimental plant at Victoria Road.

The county of Hastings—whose mineral products excel in number and variety

those of any other county in the Province—produced 1,313 tons of talc in 1904, valued

at $2,919.

MINING LANDS SOLD AND LEASED

The sales of land for mining purposes in 1904 covered 3,440 acres, and the purchase

money received was $8,321.80, as against 6,437 acres sold for $15,123.89 the previous

year. The average price per acre realized in 1904 was $2.32, and in 1903, $2.35. Prices

of mining lands are regulated by the Minos Act, which provides that if in unsurveyed

territory, and more than 12 miles from a railway, the rate shall be $2 per acre, if

within 12 miles, but more than 6 miles of a railway, $2.50 per acre, and if nearer

than 6 miles, $3 per acre. In surveyed townships, the price is 50 cents per acre mora
in each class.

Mining leases were issued for 11,002 acres, the first year's rental being $l'0,762.06,

tis compared with 33,427 acres and $33,177.61 in 1903.

The amount received as rental under mining leases issued prior to 1904 wai

$14,558.63, and on account of leases converted into freeholds, $9,920.38.

The receipts from miner's and prospector's licenses was $1,597.15.

Sales

Number
District. . of Accea Amount

Grants $

Rainy River 13 2,184 4,923.50

Thunder Bay 132 293.00

Algoma 1 84 254.00

Elsewhere 16 1,040 2,851.30

Total 33 3,440 8,321.80

Leases

Number
District of Acres Amount

Leases $

Rainy River 17 2,932 2,932.00

Thunder Bay ' 8 770 770.00
Algoma 30 5,347 5,232.06

Elsewhere 20 1,953 1,828.00

Total 75 11,002 10,762.06
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MINING COMPANIES

The following list gives particulars of the joint stock companies incorporated nr

licensed to carry on business in Ontario in some or all of the branches of the mineral

industry. The number of companies organized under the laws of the Province was

54, with an aggregate nominal capital of $28,355,000, as against 43 companies in

1903 having a total share issue of $35,534,000. In addition 12 companies of extra-

Provincial origin took oii*; licenses enabling them to do business here, their joint

combined capi;al amounting to- $21,155,000 as against 12 such companies in 1903, hav-

ing an aggregate capital of $12,000,000.

Mining Companies Incorporated 1904.

Bonanza Creek Gold Mining Company, Limited
Buffalo ami Leamington Oil and (ias Company. Limited
Canadian Lead Company. Limited
Cement, Stone and Building Company. Limited ,.

Condensed Peat Fuel Company. Limited
Dominion Cement-Briek Company, Limited
Dorion Leail and Zine Company, Limited
Fruitland Briek and Supply Company. Limited
Grand Valley I'eal Produet.'^, Limited
International Peat Company, Limited
Mavo Mining and Development Company, Limited
Mohawk Natural Gas, Limited
New York-Lake Erie oil and Ga.s Company, Limited ,

Orion Mining Company. Limited
St. .Marv.s tjuarries. Limited
Samia Bay Lumber. Timber and Salt Company, Limited
Silver King Gold and Copper Company, Limited
Sovereign Oil Company. Limited
.^udbury Briek Company. Limited
Victoria Cement and i'ower Company, Limited
Windsor Gas Ccmipany, Limited
The .\berdeen Development Company, Limited
The Alpena Oil and Gas Company. Limited
The Ballarat .Mining Company. Limited
The Briek Manufacturing and .Mipi>ly Company, Limited ..

The British ,\merican iievelopment Company. Limited
The Canadian Cement Briek Comiiany. Limited
The Canadian Corundum Wheel Cmnpany, Limited
The Canadian Iron Company. Liraiteri

The Canadian Michigan Gold Mines. Limited
The Deep Oil and Gas Compan.i , Limited
The Dominion Natural Gas Company, Limited
The East Toronto Brii-k Company, Limited
The Empire Salt Company, Limited
The Goderich Cement Brick Company, Limited
The Hamilton and Toronto Sewer Pipe Company, Limited ..

The Island Granite '.'ompany, Limited
The Lake Shore Natural Gas Company. Limited
The Montreal and Boston Consolidated Mining and Smelting

Compttny, Limited
The Montreal and Ottawa Peat Company, Limited
The Mount McKay Briek and Tile Company, Limited
The Niagara liuarry Company, Limited
The Nipi.s-sing Mining Company. Limited
The Northern Iron and Steel Company, Limited
The Ontario Crude Oil Company, Limited
The Owen Sound Natural Gas and Oil Company, Limited
The Point Pelee Oil and Gas E.\ploration Company. Limited . .

,

The Reading Mining Company. Limited
The St. .\nthony Gold Mining Company. Limited
The .South Es-se-x Oil and Gas Company,' Limited
The Svndieate Mining Company. Limited
The Toronto Pottery Company, Limited
The Trout Creek Development and Mining Company, Limited
The Western Salt Companv, Limited

December 23,

December 9.

September 27,

February 8,

December 9,

June 30,

December 5,

Julv B,

July 2B.

December 9,

January 8,

September 7,

June 22,

January IS,

December 30,

Januarv 6,

June 30,

June 8,

May 18,

December 20.

October 24,

January 12,

July 27,

October 5,

December 3,

April 20,

Januarv 15.

December 23,

June
June
January
October
October
June
July
March
March
September 16,

April 27,

May 18,

September 7,

September 14,

December 16,

September 13.

June 30,

May 27,

August 17,

November 30,

May 29,

May 11,

April lo,

August 19,

August 17,

December 9,

1904
1904

1904
1904

1904
l'.'U4

1904

1904
1904
1903
1904

1901
1903
1904

1904
1904
1904
1904,

1904
19031

1904
1904
1904
1904

1904
1904
1904

1904
19d4
1904
1904
1904
1904
1904
1901
1904
1904
1904

1904
1904
1904
1904
1904
1904

1904
1904
1904
1904
1904
1904
1904

1904
1904

1904

Toronto
Windsor
Toronto
Toronto
Feterboro'
Toronto
Port .\rthur
Hamilton
Toronto
Toronto
Windsor
Branlford
Windsor
Niagara Falls .,.

St. Mar>'s
Samia
Toronto
Comber
Sudbury
Lind.say
Windsor
Tp. of Aberdeen.
Chatham
Toronto
London
Toronto
Toronto
Hamilton
Ottawa .:

Sault Ste. Marie.
London
Hamilton
Toronto
Sarnia
Goderich
Hamilton
Toronto
Fort Erie

Toronto
Ottawa
Fort William.
Orillia
Toronto
Toronto
Toronto
Owen Sound .

Leamington..
Toronto
Ignaee
Leamington..
Toronto
Toronto .'.

Trout Creek .

.

Mooretown . .

,

$
1,000,000
100,000

1,000,090
.50,000

40,000
•">0,000

•tO.OOO

40,000
00,000

".tO,000

".W.OOO
".SO.OOO

1. -00,000
1,-00,000
-00,000

"00,000
2,"00,000
foO.OOO
20,000

'100,000

200.000
•300,000

100,000
300,000
40 000

1.000,000

1,W,000
40.000

2.000.000
1,000.000

100,000
500,000
40,OtO

5o,000
40,01.0

2.tO,000

200,000
OOO.OOO

71500.000
7O.0C0
40,CC0
40.000

250,000
2,.5O0,000

300,000
40,000
40,000

250,000
1,000,000
500,000
.=>o,ooo

10,000
100.000
100.000

$28,355,000
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Licensed Mining Companies, 1904.

Name of Company.

Ashland Emery Corundum Company
Big Master M ininK Company '

Craig Mining' Company
Madoc Mining Company
Minnehaha Jlining and Smelting Company
The Camp Bay Gold Mining Company of Ontario, Limited ... i

The Detroit and Parry Sound Mining Company, Limited
The Eldorado Mining Company
The Leamington oil Company^ Limited
The Paeitie Coal and oil Company, Limited
Traverse City Gold Reef Company

Young's Lake Mining Company

Head Office in
Canada.

Ottawa
Gold Rock
Bannockburn
Madoc
Wabigoon
Detroit, Mich. \
Rat Portage. Ont/
Parry Sound
Rat Portage
Leamiiigton
Toronto
Traverse City,

Mich
Webbwood

Date.
i

Capital
for use

iln Ontario.

June 17, 1904
October 5, 190-1>

February 13, 1904

December 14, 1904
August 24, 1904

October 26, 1904

1

May 11, 1904
June 30, 1904

December 30, 1903
May 11, 1904

March
April

16, 1904

20, 1904

75,000
300,000
.50,000

40,000
40,000

100,000

50,000
60,000
100,000

17,500,000

2,800,000

50,000

?21, 155,000

MINING ACCIDENTS

The number of mining accidents in 1904 was less than in 1903, but the proportion

of fatalities was greater, no less than seven men being killed out of a total of eleven

casualties. The year was marked by one of the severest and most regrettable accidents

in the history of mining in this Province, by which at the Shakespeare gold mine ou

the morning of August 2nd, six men went down to their death into the poisonous

fumes of dynamite lingering at the bottom of the shaft after the setting off of -a

Llast. A fuller account of this disaster is given below.

Canadian Copper Company.

At the Canadian Copper Company's works and mines at Copper Cliff four accidents

happened during the year, resulting in the death of one man.

On March oOth Gaudense Dominick, an Italian, had his leg broken below the

knee while helping to carry an "I" beam at the Ontario smelting works. In letting

"The beam down it rebounded, striking him on the leg and breaking it. As a result he

was laid up in the hospital until some time in May.

On April 28fh at 5.15 p. m., Isaac Isaacson, aged 22, and Mick Pentila, aged 18,

two Finlanders employed at the Creighton mine, fell from a rock trestle and received

serious injuries. Mick Pentila's injury consisted of a simple fracture of the left

thigh, and a not very serious contusion of the knee of the same leg. In the case rf

Isaacson the injuries were more severe and resulted in his death the following day.

He sustained a comminuted fracture of the skull in the left temple region, as well as

a compound fracture of the left collar bone. An operation was performed in the hope
of relieving the man's condition by trephining, removing and elevating the fractured

and depressed bone. He was removed to the hospital at Copper Cliff, where he died

about 2.30 p.m., April 29th. Mr. Thomas Oliver, coroner, held an inquest before a

jury on April 30th, who returned a verdict of accidental death. The inquest brought
out the fact that the two injured men were working on a rock trestle along with two
others. The trestle was 25 feet high, with a railing three feet high on both sides. The
two men were leaning against ithis railing, when it suddenly gave way, allowing them
to fall to the rocks below. In the case of Pentila recovery took about ten weeks.

On the 22nd June, Joseph Yamary, while working in the Copper Cliff rock dump,
s'lpped and fell, sustaining a fracture of the bones of the left forearm. He was taken
tc the hospital and laid up for a few weeks.
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On 25th November, Andrew Dingier, a laborer in the rock house at Creightoa

mine, had his leg broken by being carried around a pulley, resulting from an attempt

to throw a belt off the pulley with his foot. He sustained three fractures of the right

leg below the knco. He was taken to the hospital at Copper Cliff.

Shakespeare Qold Mine

On 2nd August 1904 between 7 and 7.30 a.m., six men lost their lives at this

mine by asphyxiation or poisoning, or both, from inhaling the "smoke" or gases, in

the underground workings, resulting from a previous blast of dynamite. The deceased

were N. Macmillan, superintendent, Peter Reed, engineer and blacksmith, Joseph

Disley, Peter Grant, John Waters and Eli Latour, miners. An investigation into the

circumstances surrounding this 'fatality was made by Mr. W. E. H. Carter, Inspector

cf Mines, whose report is substantially as follows

:

The total force at the mine was seven, and only the seventh man, who worked on

the surface was le£: alive. The former superintendent, Jas. Cronan, was however

present at the time of the accident, and also W. E. Seelye, vice-president of the com-

pany, the Shakespeare Gold Mining Company, Limited. A number of outsiders from

the adjacent Foley mine and the town, etc., were immediately summoned and quickly

appeared on the scene. Mr. Macmillan had been in charge of the property from 22nd

July, a period of 10 days. The mine workings measured as follows, at date of August
2nd 1904 : Shaft, 95 feet deep, vertical, and 7 feet by 7 feet in size inside and to

fottom of timbers (down to the tunnel or 53-foot level) and decreasing below this ti)

about 6 feet by 6 feet in the rock at bottom. The tunnel, driven N. W. 75 feet,

intersects the shaft at its face at 53 feet depth ; and from the same level drifts run
S. W. 43 feet and N. E. 37 feet, with a crosscut S. W. 17 feet from the face of the latter.

The second level is at a depth of 90 feet, and consists merely of a crosscut running

b. W. 33 feet, directly under the tunnel. The 4 or 5-foot sump at bottom of shaft

is usually full of water, and was so on 2nd August. Entrance to the lower workinjs

is by the tunnel and down hanging ladders in the shaft. The two shaft compartments
have not been partitioned off. Hoisting is done by bucket and steam hoist engine.

The surface plant at the mine consists simply of a power house containing a 40-

or 50-horse power boiler, the hoist engine and a 3-drill Ingersoll air compressor, all

apparently in fair if not good working order.

There had been no night shift for a while previous to thp 2nd August, the tw-)

crews of miners of two men each working on day shift only, one driving the second

level S. W. crosscut, in the face of which the blasting was done which* was the indirect

cause of the accident; and the other the first level N. E. drift.

Following the usual custom, the blast was set off at the end of the shift, at about

5.30 p. m. There were five holes, and of these three were set off first by themselves

at the above hour. The air was then blown in from the compressor until 6.30, or after

supper, when one of the crew went down into the mine and set off the remaining twn
holes. The air hose was hung up in the shaft above ithe lower crosscut and remained
there until next morning, no attempt being made to blow out the gas from this second

round of holes. Now, in such cases as this, namely when blasting had been done
subsequent to the last exit of the miners, the orders from the superintendent to the

engineer were that the latter should blow out the smoke with air from the compressor

for at least about 10 minutes, (no stated period specified and the order being to that

extent indefinite) before the men went down to work in the morning again. If there

was a night shift as well as day, with blasting at the end of each, the compressor

was kept running for the hour or more between the two shifts blowing out the smoke
and gases, the next shift finding the air good by the time they were ready to descend.

This precaution had latterly, with the extension of the lower workings, been found

ecessary, because the natural draught, at all times very poor, could not be relied
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upon to clarify the air. A strong draught prevails most of the time through the tunnel

and up the upper half of the shaft; but this did not stir up any appo-eciable circulatiou

of the air in the shaft and crosscut below the tunnel level. These facts appear to

have been well known to the deceased men, particularly to the four miners who went

down the workings first. It has also been shown that this portion of the shaft was

blue with smoke, which should have been sufficient to deter men from entering before

fresh air was supplied them.

On the morning of the accident the engineer, Peter Reed, had gone to the power

house before breakfast and put a fire in the boiler so that steam was up to about iO

pounds at 7 a. m. But instead of returning there again before 7 a. m. and starting

the compressor so that the men might have fresh air when they went down, he went

over in company with the miners. Just at 7 a. m., as the whistle blew, the four

miners went in the tunnel and descended the shaft. Only two should have gone down,

since the other two were working in the drift on the tunnel level. It is not known
why the whole four of them descended. However, on the way down they took the air

hose from where it lay on the timbers just above this bottom crosscut and had time

to carry it in to the face of this crosscut; but there one man dropped across it, and

two dropped at the mouth of the crosscut and the fourth fell into the shaft sump, all

overcome by the gas. Total paralysis or unconsciousness was not immediate; their

shouting, or at least one shout, was heard from the power house at the mouth of the

tunnel just after their descent, and on hearing it Reed and the other surface man
rushed into the tunnel and heard the men groaning also. All signs of life disappearej,

as nearly as can be ascertained, within one or two minutes of their descent, due uc

doubt of paralj'sis, followed by unconsciousness. Death itself would not necessarily

follow for some minutes after, and had the men been raised to the surface within a

short time they might even then have been rescusitated.

Reed, instead of rushing back again and starting the air compressor to give the

men air, went down the ladders himself and fell off into the sump, overcome. It was
probably then about 7.05 a.m. The superintendent, Mr. N. Macmillan, with Mr.

Cronan, then arrived on the scene from the boarding house and in a few minutes

—

variously stated at from 10 to 15 minutes—the air compressor was put in operation

and air blown below. The bucket in the shaft was at the same time raised and lowered

continuously to help start an air current. Macmillan (about 7.20 a. m.) went in tha

tunnel again, and then he also went down the shaft, and, like the engineer, dropped

off before reaching the bottom.

Cronan then took charge of things, and let down a second line of air hose; but

not until about 10 a. m. did anyone venture to enter the workings again. The deceased

men were then raised to the surface. Their appearance differed but little from when
alive, according to the evidence of the bystanders. This leads to Ihe belief that,

besides carbonic acid gas and nitrogen, there was a relatively large percentage in the

gases of carbon monoxide, which is a poison, alone producing unconsciousness im-

mediately.

The remaining dynamite was not in the best of condition apparently (1) because

since its arrival in December 1903 the boxes had not been once turned over, and

this had caused the nitro-glycerine to partially settle to the lower side of the cartridges

;

and (2) because on account of leaks in the roof of the magazine, the upper layer or

two of cartridges in each box had absorbed considerable water. The explosion of such

dynamite in all probability would be attended with the generation of more smoke anj

gas than that from good, fresh dynamite, so that is is quite possible, if not likely,

that the charge on the night previous to the accident produced an extra quantity of

the injurious' gases. The dynamite was made by the Ontario Powder Company, and,

according to the evidence, has given satisfaction, the only misfires reported, according

to James Cronan, being due to unexploded detonating caps.
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The bodies were removed and buried by the relatives of the deceased. No post

mortem examination was made upon any one of them. This should have been done,

however, for the determination if possible of the particular gas, if there was one in

particular, and if not, then of all the gases, which caused death.

That death was due to inspiring noxious or poisonous gases cannot be doubted

;

nor that these gases were generated by the explosion of the charge of dynamite on

the evening previous ; and it is possible if not probable that the condition of the

dynamite caused the formation of an undue percentage of these gases. The dynamite,

however, cannot be blamed, since in its explosion these gases are always generated in

dangerous quantities. The accident was due to the failure of the engineer, Peter

Keed, to blow out the smoke and gases from the mine before the men went down, and
io the carelessness of the men themselves in entering the workings before fresh air

was blown in. Superintendent Macmillan, and also engineer Reed, sacrificed their

lives in an effort to save their fellows, but unfortunately without any forethought,

for otherwise they would have recognized the certainty of their own death in tb9

course thev took, and would have made more effectual efforts from the surface, where

tliey were so badly needed.

THE DIAMOND DRILLS

The last operations of the "C" diamond drill in 1903 were in Dufferin county,

in June of 1904 the drill was placed at the disposal of the Black Bay Mining Company
to be \ised on their property in exploring for copper. This property is location McA 217

cu the east side of Black bay, lake Superior, and is 46 miles from Port Arthur by

l.oat. Considerable development work had already been done, a shaft having been

sunk to a depth of over 100 feet. Some ore had been found up to this depth, whcii

a sandstone formation was encountered. This property is described in the Thirteenth

Report of the Bureau of Mines. It was thought that the ore body would be foun 1

again at a greater depth, so a vertical hole was drilled to a depth of 1,000 feet. Tha

rocks traversed by the drill were chiefly amygdaloidal trap, sandstone, quartzite and

conglomerate.

Only one hole was bored at a total cost of $1,033.82, or $1.03 per foot, and tho

net cost to the operators amounted to $072.00, or $0.67 per foot, while the gross cojt

of diamonds per foot was $0.28.

When drilling operations ceased at Black bay, the drill was moved to Port Arthur,

and thence to Loon lake, to be used by Wiley & Company, on lot 8 in the seventh con-

cession of McTavish, District ot Thunder Bay. This district has been described in the

Twelfth Report of the Bureau of Mines, page 310.

The property has been prospected quite thoroughly by test pits, anJ ihree shafts

had also been sunk to depths of 20, 25 and 30 feet respectively. The higher formation

shows iron exposed without any taconite covering, but south of this the covering seems

to grow thicker. Ore of fine quality is found where the taconite covering is lacking.

The special Committee on the Nomenclature and Correlation of the Geologicil

Formations of the United States and Canada visited this area -n 1904, and described

the succession as follows: "The top series is the Keweenawan, here consisting of

sandstone above and conglomerate below, with interbanded basic igneous flows. Belo'V

the Keweenawan is the' Animikie. The Animikio here has in general rather flat dips,

although locally they become somewhat steeper. At the base of this formation is a

conglomerate, bearing fragments of the nest underlying series—a graywacke slate."
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Four diamond drill holes were sunk by Wiley & Company on their property having

depths of 48, 60, 45^ and 46 feet respectively, or a total of 199i feet.

The ore occurred underlying the taconite, and in some cases the ore and taconits

occurred very regularly in layers. Underlying this formation conglomerate and gray-

wacke were encountered.

The total cost of drilling 199.5 feet was $708.10, or $3.55 per foot, being a net

cost to the operator of $460.25, or $2.31 per foot, and the gross cost of diamonds

amounited fto $0."5 per foot.

The "S" diamond drill was in operation in Parry Sound District near Burk's

Falls until February of 1904. An account of this is given in last year's Report of the

Bureau of Mines.

In September the drill was sent to the northeast arm of lake Temagami to bore

for iron for Jlr. T. B. Caldwell, et al. The iron in this district is a magnetite, gen-

erally interbanded or closely associated with jasper. A description of the iron ore

ot the district surrounding lake Temagami is found in the Tenth Report of the Bureau

of Mines.

Iron ore was reported to have been discovered in the vicinity of this lake

'n the autumn of 1899. Littlo however was done for some time, owing to the lands

lying within the Temagami Forest Reserve. In 1902 regulations were passed allowing

prospecting for minerals in the Reserve. Also, the building of the Temiskaming and

Northern Ontario railway laade the cepositf easy of access.

Great difficulty was encountered in drilling. At a depth of 194 feet a cavity was
encountered, from which there was a very heavy flow of water. The cavity also con-

tained loose and broken boulders of chert. The hole was reamed to a diameter of two
inches, and casing inserted, but it was found impossible to drive owing to the number
of boulders. The hole was, therefore, abandoned. The rocks passed through were
greenstone, diorite and chert.

The total cost of drilling, exclusive of the operations at Lake Temagami, was
$1,741.92, or $1.45 per foot, the net cost to the operators being $1,132.25, or $0.94 per
foot, while the gross cost of diamonds per foot was $0.94.

Owing to tlie late season, drilling was abandoned for the time.

PROVINCIAL ASSAY OFFICE

Mr. A. G. Burrows, in charge of the Provincial Assay Office, Belleville, furnishes
the^ following report of its operations in 1904:

The Provincial Assay Office was established in 1898, by the Ontario Government,
with a view of aiding the mineral development of the Province. Since this time ;t
has been of much convenience to the public, affording facilities for obtaining reliable
and independent examination of materials at reasonable rates.

The samples for examination are chiefly from the newer portions of the Province,
where the search for mineral wealth is more active than in the oIHer parts. During
ike past year that portion of Ontario along the line of the Temiskaming and Northera
Ontario railway has been partially explored, and various ores of great value have been
found. Besides the silver-nickel-cobalt deposits, copper and iron ores have been located,

' and samples of these have been examined at the office. Increased activity in iron
exploration in Rainy River district, has proved the presence of valuable iron deposits.
Samples analyzed at the office were very promising. Some of these are high, in sulphur,
but many are of Bessemer grade. As in former years the bulk of gold ore samples
came from western Ontario, with occasional samples from other parts. The copper
ores were chiefly from the region between Sault Ste. Marie and Parry Sound.
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Other materials examined were zinc, lead, molybdenum and nickel ores, limestones

and clays, corundum, sulplxur and arsenic ores, besides some artifical products.

During the year 792 samples were analyzed in whole or part, giving the percent-

ages of metal, etc. ; while 173 specimens were reported on as to commercial valued,

being identified either bj' hand examination or qualitative methods. The analyticaf

work is checked off in duplicate to minimize the chance, of error in issuing certificates.

Work for Bureau of Mines

The following services have been performed for the Bureau during the year :

(a) Issuing reports on samples collected by government geologists during their

summer's explorations. The material submitted included :

(1) Iron ores from the iron ranges of Michipicoten district.

(2) Cobalt-silver-nickel ores from the vicinity of Cobalt. Besides making many
analyses of the various, ores of the district, special attention was given to working

out the chemical composition of many of the accessory minerals, which have a scien-

fific interest. These are referred to in Prof. Miller's reports on this region.

(3) Peat samples from northern Algoma and Nipissing. On analysis, these proved

to be of fine quality and suitable for the manufacture of peat fuel.

(b) Issuing check reports on pulped samples of iron ore raised and smelted in

Ontario, on which it was proposed to claim the bounty provided by the Iron Mining

Fund.

(c) Additional analyses of limestones, for report on the limestone industry of the

Province. Some of the samples were found to be of great purity, so that material

is at liand for any of the purposes for which quality is required, such as sugar refinin;?,

paper manufacture, cement, etc.

Work for Private Parties

The following services Lave been performed for the public, during the year

:

(a) Issuing reports, consisting of assays, analysis, identifications and other com-

mercial tests. While a fee on a reduced scale is charged for the work, it is requir-td

that it be paid before certificates are issued.

(b) Supplying information where possible to owners of mineral lands and others,

who desire to be placed in touch with purchasers, and also advising as to value, uses,

etc., of their materials. »

(c) Making check determinations and control assays, in case of disputes as to

correct values.

(d) Sending samples of ores and minerals to parties desiring to use them far

ctmparison in prospecting.

Tlie varied nature of the analytical work required of the office during the year

may be seen from the following list of determinations.

Aasaye. For Bureau. For Public. Total.

Gold famalgamataon) .
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Metallic Iron 76 28 104
Alumina 91 38 129

Silica 95 23 118
Lime 93 17 110
MagneBia 93 15 108
Ferric oxide 79 15 94

Perron* oxide 6 2 8

Bulphnr 156 34 170
Moisture 78 8 86
Allialies 62 12 74

Organic 37 8 37
Phosphorus; 40 10 50
Titanium 13 10 23
Miscellaneous 197 32 229

Total 1^096 244 t,340

Total Assays 905
Analyses 1,340

" Identifloationa 172

Total Determinations 2,417

Location

The office is located in the city of Belleville, on Victoria avenue, and is housed

in a two-storey brick building. The lower floor is utilized as an office, with grinding

room in the rear, while the upper floor is devoted to analytical purposes. The labora-

tory is equipped for making all mineral analyses.

Methods

The following methods are used :

Gold and silver (1) by fire assay, using gasoline for fuel. Owing to the great

variety of ores treated, it is found more satisfactory to roast all ores containing sul-

phur and arsenic, rather than attempt to eliminate these elements during fusion.

Two furnaces are used, a large Hoskins for making a number of assays at a time, and

a smaller one for limited work. An assay balance, sensitive to one one-hundredth of a

milligram is used for weighing the beads and residues. (2) By amalgamation, to test

the free milling character of the ore.

Platinum : By fire assay.

Copper : By cyanide titration, and electrolytic methods.

Nickel and cobalt: By electrolytic method. For this purpose a set of potash

cells (Edison Primary) is used. The metals are plated together, and afterwards

separated by dissolving, and precipitating cobalt as potassic cobaltic nitrite.

Lead: By ammonium molybdate titration method.

Zinc : By titration with potassium ferrocyanide.

Other determinations are made by standard methods.

All samples are pulped to 100-mesh, and those requiring finer reduction are ground
in an agate mortar to an impalpable powder. Wet ores are dried at 100 C. and analysis

reported at that temperature. In other cases the analysis is reported at ordinary

temperature.

Notes

Samples brought personally to the office are examined free of charge, except where

quantitative work is desired. Circulars of rates, sample bags and mailing envelopes

are supplied to those desiring to send in samples.

One laboratory assistant was employed during the year. Mr. G. H. Hambly acted

as assistant till first of October, when he left to accept a position in the chemical

l&boratory at Helen mine, Michipicoten.

Fees amounting to $830.30 were collected and remitted to the Bureau of Mines.

3 M.
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MINING AGENCIES

Sudbury

Mr. T. J. Ryan, Crown Lands and Mining Agent at Sudbury, makes the following

report

:

I beg to submit a short account of the workings of the Mining Lands agency at

Sudbury during the year 1904.

The Mining agency, which is carried on in conjunction with the Crown Lands

ftgency. with 29 townships open to prospectors, was opened in 1900. In 1901, 1902

and 1903, there was great activity in prospecting and taking up mining lands. During

icme of these years this agency sent in applications for over 15,000 acres, and paid

in over $2,100 in cash in the year on account of mining lands.

The year 1904 was less active. This was partly due to the short and very rainy

season, making it almost impossible to use the tote roads and trails, especially in low

lands. Another reason was the fact that many of the prospectors were attracted Lo

the new Temiskaming country, along the Government line of railway, by the discovery

of rich deposits of cobalt, nickel, arsenic and silver ores. All applications would

go in from the agency in that district, or direct to the Department at Toronto.

This Mining agency is extensively used from all parts of the district by prospectors

and others, both by letter and personally by use of the Land Roll open to every

person free of charge. Mining maps, reports. Mines Acts, blank forms of affidavits

and ap|)lications. etc., are all kept on hand and furnished free or mailed to prospectors

who cannot get in. The map issued by the Department of the "Sudbury Nick.^1

District'' is always in demand.
However, operations with the mining companies in the district have been active,

especially with The Huronian Company, where the work in developing water power
on the Spanish river has been of a gigantic nature. The North Star mine also changed

hands to the Mond Nickel Company, and is being actively developed, with entirely

gratifying results.

The year 1905 will see a great revolution in mining here, when the water power

eompanies commence to generate electricity.

The summer mining schools or classes conducted here each year give saCisfaction

and are a great benefit to prospectors and others. The Provincial Assay Office has

I een of splendid service to prospectors and those who want to obtain reliable reports

on their finds.

Rat Portage

Mr. N. Seegmiller, Mining Agent at Rat Portage, reports as follows

:

I beg leave to submit the following report covering the work of this office with

legard to mining lands for the year 1904.

A great many inquiries were received for information about the mining lands and

minerals of this district, all of which received careful attention. Maps and reports

of the Bureau of Mines were furnished upon request.

Very few new locations were taken up during the year and but few properties were

worked. The Eagle Lake district was fairly active, most of the exploring and develop-

ment work being done there. In the Lake of the Woods district the Sultana, Black

1 agle, Golden Horn and Olympia mines did considerable work and were visited hj

American and foreign capitalists.

The receipts of this office w'ere derived chiefly from rentals and the sale of leased

lands.

Enquiries were received about the country lying north of the Canadian Pacific

Railway along the proposed route of the new transcontinental line, but as no authentic

maps of this territory are available and but little known of its mineral resources, not

3a M.
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much information could be given. This part of the Province no doubt will receive

a great deal of attention during the coming summer.

Michipicoten Mining Division

Mr. D. G. Bojd reports as follows :

The year 1904 was the quietest, both as regards the staking of claims and develop-

ment of prospects, in the history of the district. Owing to the continued dulness, the

local office was closed at the end of July, and the business was thenceforward carried

on from Toronto.

The total number of licenses issued during the year was 89, and the number of

claims registered 70, while the total amount of fees received was $1,504.

Little was done in the way of actual mining except at the Helen iron mine, which
resumed operations in July, and continued steadily at work for the remainder of the

year.

Appended is a list of licensees, giving place of residence, number of license and
number of claims (if any) registered during the year. Where not otherwise indicated,

the licensees are residents of Ontario.

License.



36 Bureau of Mines No. 5

License.

Legge, C. H
Leggo, ,1

I.emii'ux, M. C .

Lctellier, J. T...

Residence.

Gannnoque.

Wawii

Martin, ¥.}.». S. S. Marie
May, T. Micliipicolen Hiver .

Micliac'l. G. F 1
S. S. Marie

Miller. E. H
,

St. Tliomius

M iller. G. L ,

Miller..I M
.Miller, H. J

Murniv. T. H
MclioTuild. M. K
M.Di.imiill, L Wliite Itiver.

MclMHinall. \V. H
MePhail, I). P S. S. Marie...

S. S.Marie
.S. S. .Marie. Midi.

Newloii, E. L ' S. S. Marie, Midi.
Newton, II. L " "

.

Orclianl, F
j

S S.Marie

Parks. G. F Mary.sville. Cal . .

.

Plunimer, H. L S. .S. Marie.
Nmniiish, .V.

I'ratt, W
Premier Gold Mining Co..

Reed, G...
Keed. S...
Riberg, J.

Wliite River
Mit'lupicoten River.,
St. Thomas

Michipicoten River .

S. S. Marie, Mich...!

Sayles. C. X S. S. Marie, Mich.
Shafer, F

|

StoUe, H. H ' Tripoli, Wis

ToHchette, J
Towers. H. H
Towers. T. A. P.

.

Travis, R. L
Trotter, A
Trotter, T. W....

Missanabie

.

S. S. Marie..

No. of License. No. of Claims.

•|

Michipieoten River..
S. S. Marie

Walker, G. H Wawa
Warren, S S. S. Marie
Webster, W S. .«. Marie, Mieh.
Wilde .1. A S.S.Marie.
Willmott. A. B
Wright, K
Wynn. J. S ,

1506
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SUMMER MINING CLASSES

BV W. L. GOODWIN

Itinerary

Preparations were begun on April 29th. Although large quantities of minerals

have been collected for the purpose, it was still found necessary to purchase a few t<*

fill out gaps in the collections. Instead of carrying the whole outfit of minerals from
place to place, a box was made up for each place, and sent by express from Kingstoa
about a week before the date of beginning the class. In this way the luggage wu.-.

reduced, and much labor was saved in picking and unpacking. It also made the

luggage more manageable in cases where portaging was necessary.

The writer left Kingston May 2nd, accompanied by Herbert Van Winckel, aad

camped that night at the pyrite mine of the Madoc Mining Company, near Bannock-

burn. The journey was made via Grand Trunk railway to Trenton, and thence by

Central Ontario railway to Bannockburn, from which place a drive of two miles

brought us to the mine. The class was opened on Tuesday, May 3rd, in the "dry"

fitted up by the company for the purpose. It was closed on Saturday, May 7th. On
Monday, May 9th, I left for Parham Station via Kingston, where a few hours were

fpent in completing preparations for the summer's work. I left Kingston by ths

Kingston and Pembroke railway on Tuesday, May 10th, and arrived at Long Lake

zinc mine (Jas. Richardson & Sons) on the same evening. The class was opened at

6 p. m. on Wednesday, May 11th, in the dining room. On Friday, May ISth, I was

jfined by Mr. J. Watson Bain, of the School of Practical Science, Toronto, who toot

part in the work of the classes from that time forward. The class at Long Lake was
closed on Tuesday, May 17th. On Wednesday, May 18th, we proceeded to Eganville

via Renfrew and Canada Atlantic railway. Arriving there on Thursday, we were me;

ly Mr. D. J. McCuan, manager of the Radnor iron mine. He drove us out to the

mine about eight miles southeast of Eganville. The class was opened at 6.30 on the

bame day, and closed on Wednesday, May 25th. Returning to Eganville we continued

the journey by the C. A. R. to Barry's Bay, thence by steamer Hudson to Combermero,
whence the steamer of the Canada Corundum Company carried us to Craigmont. Th.i

class was opened there at 6.45 p. m. on Friday, May 27th, and closed on Thursday,

June 2nd. On Friday, June 3rd, the company's boat Buby carried us to Barry's Bav.

Here we took train for Mattawa via Renfrew, and arrived on Saturday, June 4th.

There the Ottawa branch of the C. P. R. was followed up to Temiskaming, whence the

steamer Meteor took us to Haileybury. The class was opened there on Monday, June
6th. On Tuesday Mr. Bain opened a class at New Liskeard, four miles north, where
he carried on the work for four days. The class at Haileybury was closed on Saturday,

June 11th. Monday, June 13th, was spent in collecting niccolite and smaltite five

miles south of Haileybury. We left by steamer Meteor on Tuesday, June 14th, just

in time to escape the smallpox quarantine. We arrived at Sudbury on Wednesday,
June 15th, and drove on the same day to the Creighlon mine, twelve miles, stopping
at Copper Cliff to pick up the box of mineral specimens which had been expressed o/i

from Kingston. At Copper Cliff we met the president, Mr. A. P. Turner, who made
arrangements for the class at the Creighton, and then showed us over the new works
row approaching completion. Opened the class at 7 p. m. on the same evening, and
closed it on Tuesday, June 21st. The next morning, we drove to Copper Cliff statio'J,

and took train for Massey station, where we engaged Mr. Campbell, liveryman, to
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drive us to the mine, five miles. Captain Sommers was in charge in the absence or

Messrs. Errington and Barclay. The class was opened on Thursday, Juno '23rd, and

closed on Tuesday, June 28th. On Wednesday we proceeded to Sault Ste. Marie, but

found that the Algoma Central train did not leave for Superior mine until Friday

morning. We were therefore obliged to spend Thursday at the Sault. On Friday,

July 1st, the journey was resumed. At Superior Station. 40 miles from the Sault,

we found the mine wagon waiting for us as arranged by the manager, Mr. Frank

Perry. The mine is four miles from the station, and the road being rough, the journey

was very slow. Capt. Derry made us welcome, and the class was begun fhe same

evening. The work was completed on Friday morning, July 8th, and the mine wagou

took the luggage to the station in the afternoon. Walking out, we caught the tram

and arrived at Sault Ste. Marie in the evening. We proceeded by C. P. R. steamer

Manitoba to Port Arthur, arriving there on Alonday, July 11th. Mr. T. R. Jones,

manager of A L 282, now called the Sunbeam, arranged for our transportation, and

we took the Canadian Northern express to Atikokan station, 142 miles from Port

Arthur. Having slept there, we took the local returning east on the morning of

July 12th, and reached the Hospital, only to find that the packers had left. HoweveTj

under the energetic guidance of Pete Dugal, we hurried after them, and found them

en the long portage between lakes Sabawe and Asinawe. They (Marcotte and Lepine)

returned with us to the Hospital, and took charge of the luggage. The distance to tbo

mine is thirteen miles by canoe, with five portages, most of them very short. The mine

was reached too late to start the class that evening. On Wednesday, July 13th, work

was begun, and continued until Wednesday, July 20th. On Wednesday, July 20th,

we left the Sunbeam by canoe and reached Hematite Hospital at noon. Took the local

train to Atikokan, slept there, and caught the express for Port Arthur next morning

We left Port Arthur that evening by the C. P. R., but, as the train did not stop ao

Wabigoon, we were obliged to spend the night at Ignace, and go on by the local next

morning. On arriving at Wabigoon three hours late, we were delighted to find the

Galatea still waiting for us. A telegram from Ignace had this happy result. Leaving
Wabigoon at 2.30 p. m., we reached Beaudro's Landing al 6.30, and after tea took

stage over the Government road (still in very bad condition) to Gold Rock. Arrivia,?

there late at night passengers found it hard to get a place to sleep. But "a friend iti

need," Mr. Harry Rhodes, gave us his bed over the Wabigoon Trading Company's
store, and we found this very much more comfortable than the, floor of the station at

Ignace. Next day (Friday, July 22nd) the class was opened at the camp (H P 371)

of the Twentieth Century Company, about i mile east of Gold Rock. The class was
closed on Thursday, July 28th. The return journey was then made. I arrived ac

Kingston on Monday, August 1st.

Eleven places were visited during the summer, and the classes in all of these were
unusually well attended. The total number in attendance was 518. The number of

specimens distributed was about 16,000. As on former occasions many mineral speoi-

nrens were identified for members of the classes. The conditions of life are improving
in the mining camps. This is very noticeable in the food, the efforts to have good
clean sleeping quarters, and the more general presence of reading matter. Managers
in most cases offer every inducement to married men to bring in their families. Comfort-
able houses are often built for them by the company, or in some cases the company
supplies the logs for houses which the men build in their spare hours.

A feature of the work during the summer of 1904 was the lectures on geological,

mining and kindred subjects, illustrated by lantern slides. The lantern used was a

portable acetylene generator and lantern manufactured by D. T. Thompson and Com-
pany of Boston. It was found possible to take it with us to the most out of the way
places. The lectures were uniformly well attended, and were always listened to with

the greatest attention. A larger collection of slides should be provided for this wor-i
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BANNOCKBURN PYRITE MINE

This mine is situated about two miles south of the village of Bannockburn. There

were thirty-five on the pay roll, and of these thirty-three attended the class, with -a

average attendance of twenty-five. The acetylene lantern, purchased for these classes,

was first brought into use here to illustrate a number of lectures given at the clojo

of each days's study of the mineral specimens. It answered the purpose admirably,

and four lectures were given on geological and mining subjects. The class was he'd

outdoors at 6 p. m., when both shifts were at the mine. This was found to be a very

convenient arrangement for this place, as the men boarded in many eases at farm

houses some distance away and preferred to have the class before going Tiome to tea.

The attendance was remarkably good, and the intelligent questions asked showed that

the men were appreciative. A quantity of pyrite was collected for future use.

On May 5th I drove to the lead mine of the Ontario Mining and Smelting Com-
pany, about two miles north of Bannockburn. The manager, Mr. H. E. Gamm, kindly

allowed me to box up a large qviantity of the beautiful galena for use in the summer
classes. Hero also a little marcasite was collected, and a number of specimens of

galena covered with anglcsite. The vein is narrow but of solid galena, with" beautiful

cleavage. It was worked by another company for several years, and the dump is now
being profitably jigged. There is a gqpd crushing and concentrating plant, and a

rovorberatory smelter. A blast furnace is being built.

On May Gth I drove to Eldorado and collected hematite, specular ore and quartz

geodes coated with hematite crystals. On May 7th I walked to Shaw's farm about

a mile west to see a copper pyrite prospect, which has been opened up for several

years.

OLDEN ZINC MINE

Here much trouble had been experienced from water which came in through a

large water course. This had been partially cemented up, and the foreman, Mr. T.

Flynn, was confident that the stream, which flowed only in wet weather, could be

completely checked by careful cementing. The shaft had been sunk to 160 feet when
it was flooded out. In the meantime good ore was being raised farther east on the vein.

The seconds accumulated since mining began were being hand-jigged, and a clean

product obtained. There were fourteen men on the pay-roll when the class was held.

Here also the hour was made 6 p, m., and found to be very satisfactory. The class

was held out doors, and the lectures in the sleeping camp. Both were attended by a

number of people from the farms in the vicinity. A special lecture was given one
evening for the farmers and their families. The total attendance at the class wag
thirty-three, with an average attendance of twenty-five. Sixty-five attended the
lectures, which were illustrated by about 300 lantern slides.

RADNOR IRON MINE

The manager, Mr. D. J. McCuan, met us at Eganville and kindly provided trans-

portation to the mine, about eight miles in a southeasterly direction. The companv

was completing a good wagon road from the mine out to Caldwell on the Canad.i

Atlantic railway. The miners at the Radnor are mostly drawn from the surrounding

farms, but a few familiar faces were noticed of old Lake of the Woods men. There

were thirty-three men employed, and they attended the class and lectures almost to

.1 man. On May 24th a number of people drove to the mine from Eganville, Caldwell

and other places in the neighborhood. Mr. T. Davis, of Eganville, brought a laroa

number of specimens for identification, including molybdenite, graphite, corundvim,

feldspar, calcite, hornblende and sphene. A special lecture on crystals and crystalliza-

t'on was given to these visitors at 4.45 p. m. Twenty-five were present. The totil
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attendance at the class was forty, and the average attendance twenty-eight. Th^

attendance at the lectures was about the same. Our stay at the Radnor was made
particularly comfortable by the kindness of the manager and the chemist, Mr. C. M.

Campbell, B. Sc.

CRAIQMONT

Here we were received cordially by the manager, Mr. D. G. Kerr, who had our

boxes transferred, and made us his guests during our stay in the corundum region.

There were about 150 men on the pay-roll, but most of them spoke little or no English,

and many of the English-speaking miners lived at some distance from the mines.

These difficulties made it impossible to organize a large class. The meetings were held

in one of the large dining rooms (Dennison's) near the large new mill which had just

been completed. The total attendance was about sixty, and the average attendance

twenty-four. Many men who could not attend the class got complete named sets of

specimens with such explanations as could be given in a short time. One man (QuoJ^

came from Quodville, fifteen miles away to consult us about specimens of pyrrhotite

and graphite. He had seen the notice of the classes in the newspapers.

HAILEYBURY

The discovery of nickel, silver and cobalt ores five m-les to the south of this town,

on the line of the Temiskaming and Northern Ontario railway, had stimulated interest

lu minerals, and the opportunity to study them practically and systematically was
particularly welcome. A few leading citizens engaged the Orange Hall as the place

of meeting. The population of Haileybury is about 600, but there is a large floating

population of lumbermen and railway men. Prospecting was going on vigorously

around the new discoveries, but the difficulties encountered were serious, owing to

The heavy blanket of moss and gravel. Several of the prospectors walked every day
distances of five or sis miles to attend the class and lectures. There was a total

attendance of about eighty-five, and an average attendance of thirty-eight. Many sets

of minerals were given to men who could not attend the class. Prospectors showed
specimens of galena, copper pyrite, and magnetite found in the neighborhood. Copper
pyrite has been discovered on Fernholm's farm about two miles south. On June 8th

1 walked to Cobalt station Cthe name proposed by Prof. W. G. Miller for the new
mining camp) in the company of Mr. Earle (of New York), buyer of ores, the Russels,

engineers, Galbraith, division engineer, A. Ferland, proprietor of the Matabanick hotel

and part owner of the smaltite vein, S. Ferland, prospector, and Hebert, discoverer of

the native silver vein (No. 3). An incident of this trip is worth recording as illus-

trating one of the dangers of a prospector's life. As some of the party were walking
towards the railway construction camp they noticed a falling tree crash down across

the middle of a small tent. On examination S. Ferland was found inside, but unhurt!
He had moved to one end of the tent just as the tree fell. On June 11th Professor
Sharp (late of Morrin College) drove over from his farm near New Liskeard and took
me back, a pleasant drive through the woods. There is a small outcrop of magnetite
and hematite near Professor Sharp's house. June 13th was devoted to collecting
specimens of niccolite, smaltite, and native silver, in connection with which mention
should be made of the generosity of Messrs. Ferland, Timmins, Le Heup, Chambers
and Darragh. who gave us a free hand among their valuable properties. We enjoyed
the hospitality of Professor Miller's camp and the company for one evening of a dozon
prospectors.

NEW LISKEARD

On Monday, June 6th, Mr. C. C. Farr took us from Haileybury to New Liskeard
in his gasoline launch, thus avoiding a journey over a road almost impassable after the
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long rains which had prevailed. There we met Mr. John Armstrong, and arranged

for a class to be held in the Orange Hall, which was engaged for the purpose by the

council. Professor Sharp, Rev. Mr. Pitts, and Mr. McCamus gave assistance which

was much appreciated. The next day Mr. Bain, taking the lantern and the necessary

mineral specimens, drove to New Liskeard and opened the class. The attendance was

large and enthusiastic at both class and lectures. At the close of the work there, u

number suggested that a more extended course should be given nest year. The total

attendance was about eighty, and the average fifty-one. Thanks are due the authorities

of the Presbyterian church for the use of their building one evening when the Orange

Hall was not available.

CREIQHTON MINE

Here we were the guests of the manager, Mr. George Sprecher. The class was

held in a new log house, which proved comfortable for the purpose. There were about

two hundred men on the pay roll, but only about forty of these were English-speaking.

There was a school attended by about thirty children. A resident physician. Dr.

McGonigle, had been added to the staff. A considerable village had grown up, many
of the men having brought in their families. There were two general stores, and the

daily train to Sudbury affords easy communication with the outside world. Altogether,

the Creighton is being made a first-rate permanent mining camp. The total attendance

was about forty, and the average attendance twenty.

MASSEY COPPER MINE

The class was held in the old log office, and was attended much better tkan last

summer. The men were seated on rough seats improvised on the verandah while

receiving instruction on minerals. When this was completed, the class moved into

the darkened office for the lantern lectures. There w-ere twenty-four men employed

at the time of our visit. The total attendance was about thirty, including some men
from the Hermina mine about two miles west, and a few farmers not working at the

Massey mine. The average attendance was fifteen. Everything possible was done
by manager Joseph Errington and superintendent R. C. Barclay to assist us in makiag
the class a success.

THE SUPERIOR MINE

Having met Mr. Frank Perry, the manager, at Sault Ste. Marie, arrangements

were made to proceed to Superior station, where the company's pack wagon met us

and took the luggage to the mine. Captain Philip Derry welcomed us and made us

comfortable during our stay at the Superior. The class was held out of doors and the

lectures in the sleeping camp. There were eighteen men employed. All attended

who were not at work at the time of the class. Mr. J. L. Naylor came from Searchmoat

to see the mineral specimens. He got a named set and the mineral indicator. Several

ol the mine employees whose occupations prevented their attending the class were

given sets, with such information as could be mastered in the time at their disposal.

Many of the men are experienced prospectors and most are good woodsmen. In this

camp the interest in both mineral lessons and lectures was unusually marked. The
logion abounds in small lakes, in many of which speckled trout can be caught. Thj
woods are mostly hardwood, and very open and park-like, making walking unusually
easy. The total attendance was nineteen, and the average attendance fifteen.

SUNBEAM MINE (A L 282)

Here we found Mr. Copeland, the engineer, in charge, in the absence of Mr. W
Jones, mine superintendent. We were hospitably entertained during our visit at the

mine. The class was held out of doors and the lectures in the sleeping camp. A 10-stamp
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mine. The class was held out of doors and the lectures in the sleeping camp. A 10-stanip

mill had just been completed and the stamps had begun to drop on the day of our

arrival. The mill, built near the bank of the Seine river, is connected with the mine,

« distance of 3,200 feet, by a horse tram, by which the ore is conveyed. As the vein

dips at 50"^ and the shaft is vertical for the first 68 feet, a raise "was being made along

the vein to the surface so as to give a straight shaft on the incline. This was nearly

completed. The shaft was down 400 feet. There were thirty men on the pay roll,

of whom twelve were non-English. Most of those of foreign birth attended both class

and lectures. They included Finns, Swedes and Italians. Some of those of foreign

nationality spoke English very well ; others very imperfectly. All attended the class.

The total attendance was thirty-one, and the average attendance twenty-three.

The difficulties of transportation are very marked in the case of this mine, making
the cost of getting in supplies almost prohibitive.

LAURENTrAN MINE

This is a now prospect, being developed by the Twentieth Century Company. It

is about half a mue east of Gold Rock on H P 371. Work was begun in November

1903 on a vein of well mineralized quartz and schist, striking about northeast aad

dipping at about 7.5^. The vein has been traced eastward to 298 and westward to the

Big Master. At the time of our visit the shaft was down 12.5 feet and at the first

level (80 feet) aoout 50 feet of drifting had been done, .a crosscut had been made to

a second vein about 20 feet to the eastward. Several other veins have been locat^l

on the property, including one which is claimed to be an extension of the Jubilee vein.

The buildings included a temporary hoist house, a large and comfortable sleeping camp,
a good dining camp, and three dwelling houses for the staff; also office, stable, store

house, and power house. In February the stamp mill and other buildings at th-j

I'wentieth Century mine were dismantled and brought to the new location. WorK
is now being pushed on the foundation tor the stamp mill and concentrating plan*.

The concentrates may be treated by cyaniding. Some very rich masses of ore have
teen taken out.

About two miles northeast, near the end of Mud lake, is the Volcanic Reef mine

(S 40), near the Little Master, and owned by the Twentieth Century Company. It

is a small quartz vein, with iron pyrites a'nd shows of gold. A shaft has been put down
100 feet, and camp buildings were under construction. Thirteen men were employed.

The class was held at the Laurentian, but several of the men walked over from thf

Volcanic Reef. As in the case of most of the mines visited this summer, the class was
carried on comfortably out of doors. The lectures were given in the new sleeping camp.
The total number in attendance was forty, and the average attendance twenty-two.

Both properties of the Twentieth Century Company were being developed under
the management of Mr. Dryden Smith.



MINES OF WESTERN ONTARIO

BY W. E. H. CARTER

In the mining of gold, for which tho western portion of the Province has been

chiefly noted, results have been somewhat disappointing. The number of properties

working has not greatly decreased, but the energy expended thereon has. The reasoas

most apparent for this .state of affairs have been so frequently touched on in thesG

reports that they need not be again gone into. Suffice it to say, that if capital were

^
^ r-*^
^^-^l-.-

McConnell's Iron CUiiiu, Animikie Range. Tunnel in hematite; slate overlying,

4 to 5 feet, diabase laccolites on top.

concentrated in a few good prospects instead of being dispersed among a great many

small weak companies to be spent on more or less unlikely veins, the production of tho

precious metal from this part of the country would be greater than it is.

A number of stamp mills have within the year been erected, but as has been

pointed out on other occasions with emphasis, the work done in the mine is not always

sufficient to warrant such expenditure. The haste for dividends is the bane of the

industry.

[43]



44 Bureau of Mines No. 5

Interest in this western mining field has latterly been turning to other ores, chiefly

iron and iron pyrites, deposits of both of which will shortly be turned into producing
mines. Not much additional news can be reported regarding the iron of the Atik-

okan and Steep Rock lake districts, but sufficient ore is already there to ensure
production on a good scale.

A few miles east of Port Arthur, at Loon Lake siding on the Canadian Pacific

Railway, the long-known but unappreciated and untouched hematite deposits have
been energetically explored by diamond drills and mining during the past year or two.
with great results. The ore in sight, both high and low grade, is estimated at a very
considerable quantity. The important possibilities of all these deposits have not bee'i

overlooked, as shown by the recent incorporation of a strong company of railway and
iron capitalists to erect in the immediate future a blast furnace at Port Arthur to
reduce these ores.

Aniuiikie Iron Range, upper ore bed (all ore in view, 35 per cent. Fe) K. :\kCunncll's
location, 59 B.

The strike of high-grade Bessemer hematite at the Williams mine is another
indication of the resources of the region. This ore is now being smelted at the Lake
Superior Corporation's blast furnaces at Sault Ste. Marie, Ont .

The straight copper deposits are also receiving a fair share of attention, and by

the perseverance of a few owners we may shortly see a number of profitably workin,;

mines, a thing unknown since the Bruce mines were in active operation. It

appears very likely that a smelter will be established to handle these ores at Sault
Ste. Marie, Ont., since it was shown at the Victoria Mines plant that they could be

reduced, and under proper conditions, at a profit. Should the resufis of concentration
by the oil process now under way at the Massey Station mine prove as successful as
appears likely, it will bring many of these idle low grade prospects into the market.
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The production of nickel (with comhined copper) progresses with greater results

than ever. Not only has the largest company more than doubled its capacity, but the

other two concerns are making preparations for a resumption of mining and smelting

in the immediate future. Ontario no longer nearly equals the output of nickel "n

ether countries—it leads the world, and by a large margin.

By the finding of the extraordinarily rich silver-cobalt ores in the Temiskaminji

district last year, one more proof of the possibilities of the Province has been given.

In this region also important iron, iron pyrites and arsenic deposits have been dis-

covered, some of which have been under development for a considerable period.

As a result of this general activity in a power-consuming industry in the Sudbury

and adjoining areas, four water falls have been or are being harnessed for the genera-

tion of electric energy, purchasable by anyone. This coming year will probably see

greater substantial activity in mining centres in Ontario than ever before, which

cannot but have its effect in bringing prosperity to all other associated enterprises.

GOLD MINES

Bully Boy Mine

From Mr. Chas. Brent, of Rat Portage, it was learned that during September,

1904, the mining plant consisting of boiler, hoist and pumps, etc., intended for the

Nino mine, and which has lain at Whitefish rapids for some time, was purchased and

—! ^

The Damascus Gold Mimnjf Co., Limited, Shoal Lake, bird's e}e view.

removed to the Bully Boy mine, Camp bay, l^ake of the Woods, where it will be set

up and mining re-commenced, it is hoped shortly. Descriptions of this mine have
appeared in Reports of the Bureau of Mines, Vol. VIII, pp. 60-61, 276; Vol. IX, p,

51 ; Vol. X, p. 73.
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A.-li raiiul.^, cuiiiucting Sliual lake with Lake of the Woods; showing obstruction to

navigation when water is low.

Golden Horn mine, showing mill buildings.

J
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Cameron Island Mine

The 10-stamp mill, referred to in the last Report as under erection is about com-

jleted. Mining is to be resumed in the spring of 1905, according to a director's

ipport. The company is now known as the Damascus Gold Mining Company, the

president being Mr. Joseph Fowler, of Buffalo, N. T.

Golden Horn Mine

During the past year and to the date of inspection, 2nd October, 1904, mining

developaient dropped off in part, while a stamp mill was being erected. The shaft

lemains the same depth, namely 255 feet. The first level west drift is now connected

with the old shaft, affording good ventilation to that part of the mine. The second

level remains unchanged. Third level ; the crosscut south at 16 feet in the west drift,

was continued to 285 feet, and although it has struck an auriferous quartz vein in the

face, there still remains about 50 feet to go. it is estimated, before encountering the

first vein outcropping in this direction on the surface.

The shaft house has been raised to 37 feet to the sheave, to allow of dumping
into cars on an elevated trestle road, running across to the stamp mill bins. Th's

new mill building lies about 40 feet east of the shaft house and measures 22 by 62 feet

plan, by 46 feet high, and contains two one-stamp Merrall's mill batteries, plates, and

a Wilfley table, a 6 by 7i-inch jaw crusher, and the other usual accessories. Milling

was to commence immediately of the ore dumps and what ore could be stoped out from

the first level up.

A proper thawing and preparation house has been erected for the dynamite.

The management remains unchanged. The employees number fourteen, shortly

to be increased to twenty.

Sultana Mine

The perseverance of the few men who have latterly furnished the money for tne

continued exploration of this pioneer mine has been rewarded by the location of more

pay ore, on which the mill has been running most of €he year. Since last inspection

about a year ago the underground work has been as follows : main shaft, 560 feet deep,

cr 15 feet below the eighth level, with timbering complete to the eighth.

First level : the 40-foot crosscut N. E. from 130 feet S. of main shaft, which

connected with an air shaft in No. 2 vein (E. of the No. 1 or the main vein), is now
driving N. along No. 2 vein from this air shaft and is 34 feet in length to date, fol-

lowing a narrow band of quartz. From this point a drift was run at a former period

to the S., 250 feet in length, but only local pockets of ore were met with.

Second level, north drift: at 12 feet N. a short drift has been started E. to

intersect the No. 2 vein at 60 or 70 feet and the Galena vein at about 200 feet; but

this work is postponed until a future time. South drift: at 500 feet S., in the long

drift through country rock connecting the big stope with the Crown Reef vein, which

drift cut away to the E. of the main or No. 1 vein, a crosscut has been driven W. 98

feet, intersecting No. 1 vein at 37 feet in. On this drifts run N. only 10 feet on account

of the mixed quality of the ore, but S. 75 feet, and in the latter the ore is being

stoped out. The stope measured 30 feet length by 40 feet high, by 8 feet average width.

Fourth level, south drift: at 500 feet S., underneath the corresponding crosscut

in the second level, a crosscut has been run W. 98 feet, intersecting No. 1 vein <vt

62 feet. Drifts on the vein extend to the S. 10 feet and the N. 71 feet on a narrow

band of quartz, the ore shoot pitching to the N. and not yet having been reached.

At 750 feet S. .on the main level another cross drift W. 80 feel took out some ore m
an intersecting vein called the Fissure vein.
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Seventh level: at 30 feet in the north drift a winze has been sunk to the eighth

level, and a little ore stoped out.

Eighth level: this runs N. 30 feet, then E. 34 feet, and again N. 21 feet, an!

8t end of the E. 34 feet turn connects with the seventh level winze, enlarging into a

small stope. Near the face of level another winze goes down to 50 feet deeper, all on

No. 1 vein. It appears from this new development, that after passing a disturbed

area beneath the fault at the seventh level the vein comes in again without having

suffered an appreciable displacement. The reason that not much ore has yet been

reached in these new lower workings, (seventh and eighth levels) is put down to tha

fftct that all the ore shoots dip to the N. Further development in this direction will,

:t is thought, strike a continuance of the pay ore. There is also reason for believing

that the unexplored portion of the vein from the big stope south may produce ad-

ditional ore shoots.

The surface and mining and milling plants are unchanged. Mr. J. Johnson is

superintendent, employing twenty-one men.

Combined Mine

No visit was made to this property since all mining was suspended in February,

1904. S. Pinchin, the superintendent, informed me that a force of fifteen men were

rtbuilding the two-mile railroad from the lake to the mine, after the completion oi

v.-hich a six-drill air compressor was to be installed, and mining resumed. At th.?

last inspection the workings measured as follows : Incline shaft 101 feet deep flattening

from TIP dip N. to nearly level, and then dipping more steeply again. Size of shaft

is 7 by 9 feet. A level was made at 75 feet depth with a N. E. drift 166 feet and a

little stoping done therein. From here and the shaft dump 37 tons of ore were milled in

July, producing gold to the amount of $10.50 per ton, according to the superintendent.

A 40-foot steamboat has been purchased for Ihe use of the company.

Baden=Powell

As outlined in the last Report, the former main open trench on the vein has been

made the site of the main shaft. This has been timbered solidly through the cut and

waste rock filled in around it. This shaft is now 98 feet deep, 6 feet by 9 feet in siz?,

and inclining 67" W. A level was made at 60 feet depth with drifts N. 17 feet and S.

60 feet. Hoisting is done by bucket on skids and a duplex cylinder single drum hoist

engine and 20 h. p. boiler in an adjoining shed. Ventilation is provided by a woodei

box or pipe and steam injector.

A 5-stamp mill nears completion on the N. side of the island some 400 feet N. ot

the shaft, the ore to be trammed across. The mill consists of the usual plant of gravity

stamps, plates, feeder and 7 by 10-inch jaw crusher, with the power furnished by a

40-h.p. return tubular boiler, and a 25-h.p. horizontal engine.

A new dwelling house has been erected on the west side of the island beside tKe

cffice. The owners and management remain the same, the force numbering twelve at

date of inspection, 5th October, 1904. Some instructions were given for the completioa

cc the shaft timbering, and for the safe handling of the dynamite.

Pioneer Island

The property by this name comprises a small island mining location McA 245, and

lies about one-third of a mile N. E. of the Grace mine, and one-half mile N. W. of the

Golden Eagle. The owners are the Northern Light Mining Company, but shortly the

jToperty will be transferred to the subsidiary Pioneer Island Mining Company, Buffalo,

N. Y. Mr. N. Higbee is superintendent with at present a force of but five. Some
\^ork was done a few years ago, and now since the resumption of operations this sum-
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mer, a new small camp has been built, and the ore pit 20 feet deep squared out for

timbering and continuea sinking. The workings are on the south end of the island.

The vein deposit fills a contact between granite on the east and green trap on the

west, and consists mainly of iron pyrites and quartz, the former in great abundance

pnd massive. The gossan weathered surface portion is said to pan gold. A very small

percentage of chalcopyrite may also be seen. The vein is traceable from the shore

inland probably 400 feet, having widths at the few openings varying from one to fiva

feet. The water lot between this and the mainland and an adjoining location thereoa

are to be included in the holdings of the new company.

Grace Mine

Sinking continued in the main shaft to a depth of 55 feet, reached about the first

of the year, when all mining was suspended. This means that but 27 feet of sinking

has been accomplished as the result of another year's work. The lower or new portion

rf the shaft was partly filled with water, but no new developments in connection with

the ore body were apparent. The shaft was being timbered into two compartments

preparatory to resuming mining. The other workings remain as before. At the foot

tf the hill, close to the lake shore, foundations have been prepared for a power house

and plant. The employees numbered four. A new engine has been fitted into the

company's launch.

Eldorado

A new corporation, the Eldorado Mining Company, incorporated under Ontario

laws, has taken over this property from the former owners, the Northern Light Mining
Company. The president is Walter D. Green, secretary, W. A. Barnhart, and superr

intendent, N. Higbee. Mining recommenced in June 1904, after a period of inactivity,

the force now numbering eight. A description of the auriferous quartz vein appears

in the last Report of the Bureau, and also an account of the development to that

date. The shaft is now 95 feet deep, and timbered with a ladder-way and skid road

lor the bucket. The level at 70 feet depth runs S. W. 53 feet. An open head frame
covers the shaft, and from this the hoist rope continues 100 feet or so away to the
new hoisting plani beside the small 2-starap mill. This plant comprises a 25-h. p.

briler and a hoist engine.

The first level drift is to continue along the vein S. W. for about 150 feet to

meet an intersecting vein at that point which strikes N. IP** E.

No milling was done this year, but it was the intention to start on this ore in a

few weeks' time.

Redeemer Mine

Operations during the past year have been active, but were mainly confined to

the surface, in the erection of a stamp mill. The management is in the same hands,
w ith a force increased to twenty. The shaft has been sunk to a depth of 235 feet, but
with no lateral work whatever, whicU makes the present erection of treatment works
somewhat premature. Hoisting is still done by bucket. This should be replaced by
a safer means, such as a skip or cage, with the depth the sh'aft has now reached.
The timbering of the new portion of the shaft has yet to be completed, and instructions
to this effect were given.

The mill is situated SO feet N.W. of the shaft, and contains 10 stamps, with al!

accessory plant except vanners, supplied by the Jenckes Machine Co. To tram the

ore ovier, the shaft house has been raised to a height of 36 feet, boarded in and a

level trestle road constructed to the mill.

A proper powder-thawing house has been built in a suitable place. A dry-room

for the men has yet to be put up. An office has been added to the camp. Milling will

commence as soon as the plant is completed this fall.

4 M.
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Redeemer gold mine, vein 75 feet east of shaft.

Redeemer goldmine, shaft buildingsand stanii) mill.

•id M.
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Ideal Mine

The shaft has this summer been continued down to a depth of 89 feet vertical

;

U is 7 by 10 feet in size, and timbered with a collar only. But at the date of inspec-

tion mining had again ceased, and the small force of four was constructing roads to

outlying points for development. The delay is due, according to the superintende it,

A. J. Herrington, to lack of cash. All mining has been done by hand, no machinery

having yet been acquired. Instructions were necessary for the completion of th««

timbering in the shaft, and care and safe thawing of the dynamite.

Gold Coin Mine

This is a new property in the Dryden area, and comprises the south half of the north

half of lot 6, (onccssion 1, Van Home township, half a mile from the boat landing, and

nn the Government road recently constructed to these properties, and due north of th'»

Redeemer mine a short distance. The owners are the Gold Coin Mining Company.
Mining commenced in April 1904, and the shaft has since been sunk 55 feet vertical

and 7 by 10 feet in size, all by hand work. No one was there at the time of my visit

in October 1904, operations having been suspended.

The vein is of quartz, striking east and west with vertical dip through a country

rock of greenstone, in which it lies as a lenticular deposit with defined walls. H
varies from 14 inches to 4 or 5 feet in width, and contains a small amount of copper

and iron pyrites.

Queen Alexandra

The followins: information respecting tkis new property was obtained from T.

James, the contractor for the mining done. No inspection was made, as the mine

had just suspended operations. The location, H W 270, adjoins the King Edward near

Carlton and Trout lakes, a short distance west of Lower Manitou lake. A shaft was
sunk 85 feet deep, vertical, and 6 by 10 feet in size, on a quartz vein. Machinery

consisting of a boilt-r and hoist, are on hand, but have not yet been set up. A 2-un;t

Tremaino steam stamp mill was erected and some 18 tons of the ore treated, produciug
lilG.OO per ton in gold. This work was done between February and September, 1904

I'here is also a small camp of several buildings and a steamboat. F. Bolton was super-

rtendent and representative of the English syndicate which has control of tha
iroperty.

On the adjoining King Edward locations no further work has been done during

he year.

Twentieth Century

All work closed here in November 1903, and in February 1904, the entire plant

ras dismantled and taken up the lake to the company's new properties, the Laurentiin

lud Volcanic Reef mines, where it is being agaia erected. The sawmill was, however,

eft to cut lumber for the fresh ventures. From the superintendent, Dryden Smith

he following measurements of the underground work done since my last inspection of

year ago were obtained : shaft, 389 feet deep (49 feet increase). First and second

ivels unchanged.

Third level : the stope in the west drift was carried up to the second level about

feet wide by 55 feet long.

Fourth level: west drift 19 feet wide with crosscuts from the face S. 73 feet and
i. 85 feet. At 63 feet in the N. crosscut No. 2 vein was struck and followed to the W.
2 feet.
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Laurentian Mine

This new property was inspected on 9th October 1904. It comprises mining

location H. P. 371, of 52 acres area, situated about half a mile by a new road west

cf Gold Rock P. O. The owners are the Laurentian Mining Company, 43 Tremont

St., Boston, Mass., and Toronto, Ont., incorporated under the laws of Ontario. The

president is Anthony Blum, secretary, John Molath, and mine superintendent, Dryden

Smith. The force of miners and surface men numbers twenty-one. This company owns

other locations in the vicinity, which are H W 248, 252, 255, 256 and 257.

Operations commenced in October 1903, and since then there has been erected

a power house, dynamite magazine, oil shed, machine and blacksmith shop, assay

cilice, dry house, cook camp, sleeping camp, office, three separate dwellings and stables.

Building operations are not quite complete on all of these. Foundations for a stamp-

mill have also been put down, and all the mining and milling plant (20 stamps) from

the Twentieth Century mine has been transported hither. It is to be hoped the

several veins will develop into merchantable bodies of ore.

The one shaft has reached depth of 220 feet, inclining aboxit 80? E., and is 7 by

11. feet in size. The only level is at 80 feet depth, with drifts N. 18 feet and S. 4.3

feet. From the face of N. drift a crosscut runs E. 22 feet; and at 7 feet in the S. drift,

enother, 17 feet W. for a pump station. In addition to this, the surface of the veins

has been stripped at several places. The shaft has a collar and temporary head frame,

but no timbers below this, and no ladders below the level. Instructions were giv<?n

to put the shaft in safe condition by complying with the Mines Act regulations, and
j

to prohibit riding in the bucket. Hoisting was done by a temporarily placed boiler

and hoist engine and bucket in skids. Other instructions were necessary for the carej

and safe handling of the explosives.

The sinking has followed a small vein of dark quartz, which in places produced I

some showy free gold specimens. On the surface two other veins run parallel to this I

at 15 feet and 18 feet east of the shaft, and still two more at 50 feet and 1.50 feetj

west of it. The first two or three near the shaft may be found to connect, but the otherel

appear as quite distinct deposits. They are all more or less lenticular in character,]

and lie in and with the strike of the greenstone country rock, which is N. E.-S. W.

Volcanic Reef '

|

This property is operated by the same management as the Laurentian mine,|

ramely, by Mr. Dryden Smith, with a force of fifteen men, and the owners are thi

Volcanic Reef Mining Company, Boston, Mass., and Toronto, Ont. President, Anthony

Blum, and secretary, John Molath. The mining location under development is S 40'

but the company also owns H P 377, S 39 and S 41 in the same neighborhood,

namely at Mud lake, just east of the upper end of Upper Manitou lake. A mile am;

a half wagon road has been constructed by the company from the Laurentian to thi.

mine as a continuation of that from Gold Rock. S 40 adjoins the Little Master

property, one of the veins (No. 1) on which continues through and forms that whici

is here under development. It is of quartz, lying in and with the trap formatioT

and therefore lenticular, and a foot or so in width. From the outcrops on the to'

of the hill, 168 feet above Mud lake, and 600 feet northerly therefrom, or the sam
distance northeast of the Little Master workings, the shaft is being sunk, 130 fee

deep to date, 8th October 1904, vertical, and 6 by 9 feet in size. A level has bee
made at 100 feet depth, with drifts N. 19 feet and S. 23 feet. Timbering has kep
pace with the sinking, with the expectation of installing a cage shortly. At preset
hoisting is done with bucket, and a small hoist operated by compressed air, broug!
by 3-inch pipe from the power house on the lake shore, IMO feet distant. Th
machinery at this latter plant consists of a 50-h.p. tubular boiler and a 3-drill Rar
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air compressor. At the mine a new shaft-house will shortly be completed to replace

the present temporary arrangements. For the camp Iwo large log houses have been

built, and a stable. Some carelessness existed in the care and thawing of the dynamito,

for the remedying of which instructions were given.

Volcanic Reef gold mine, shaft and buildings.

Giant Mine

The point of operations has again been shifted, but this time back to the original

place on H. W. 75. The shaft and other development work on H. W. 185 is reported

•o have not given sufficient pay rock to warrant further expenditure. The mining
llant has in part been transported over to the lake shore below the old tunnel, and
set up with a one-stamp Nissen mill, with which some small test runs on the ore were
made. The other camp is still in use however. In June 1904, sinking was resumed
m the old 18-foot shaft under and past which the tunnel was driven during 1901-02 to

a length of 100 feet. The shaft has just broken through into the tunnel at a depth of

60 feet on its incline of 80" N. W., and intersects the latter at 55 feet in. The vein
fills the shaft, 6 feet wide, having defined walls, and being composed of quartz, calcito

and chlorite, with a fairly high percentage of iron pyrites.

The stamp mill is connected with these workings by about 250 feet of surface tram
road, the plant consisting of a 1-stamp battery, the 18-h.p. mine boiler, engine, feeder,

crusher and plates.

P. Paulson remains in charge with a force of six.

Little Master

Development has continued steadily since last inspection under the same mai-
agement, and with a force of twenty-five men. The main or No. 3 shaft is now 175
feet deep, and timbered most of the way.
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First level, 152 feet deep ; west crosscut, 175 feet ; east crosscut, 130 feet, with

a drift S. 20 feet at 105 feet in. A No. 3 Cameron pump unwaters from this level.

Hoisting is still done by bucket, but this is operated from a new power house 60 feet

S. E. of the shaft. Herein have been installed a new 2-drill Rand air-compressor,

the same hoist and another 65-h.p. locomotive boiler. This last was in a very unsafe

rendition, necessitating instructions for its abandonment. A large new boarding house

ij about completed, the lumber for which is cut on the premises in a sawmill owned
by the company.

The plan of development entails crosscutting from the underground levels to ihe

four more or less parallel veins additional to the one (No. 2 vein) that No. 3 shaft

is sunk in. The No. 1 vein lies about 200 feet N. W. of No. 3 shaft, and forms in \f»

M. E. extension the Volcanic Reef mine vein. Shafts Nos. 3 (main) and 2 are sunk

i- the same No. 2 vein about 300 feet apart. Veins Nos. 3, 4 and 5 lie to the S. K.

of the main shaft, all within about 200 feet distance and nearly equally spaced.

Paymaster Mine

This newly opened prospect comprises mining location H W 20 of 83 acres area,

and adjoins the Big Master locations to the .southeast. It is owned by the Northern
Development Company, president, J. E. Burns, and secretary, E. D. Soudan, with

cffices at 107 Majestic Building, Detroit, Mich. Operations commenced in the fall of

1903 with R. J. Elliott as superintendent. A vertical shaft has been sunk 100 feot

deep with a drift N. W. 20 feet from the bottom. Hoisting is done by bucket and
small hoist, and a 25-h. p. boiler in an adjoining hoist house.

A couple of neat camp buildings have also been erected.

The shaft started down on one of two lenticular quartz veins about 30 feet apart,

ctich from 18 inches to 2 feet wide where exposed on th.e surface, and dipping a few

cegrees to the S. E. with strike about N. E.-S. W. The country rock is the green

schist of this district. Work had just ceased at the time of my inspection, 7th October,

1904, but has since been resumed, according to report.

Big Master

Owing to financial difficulties this mine has lain idle since the first of the year.

The bondholders recently foreclosed on the former owners, ffhe Interstate Consolidated

Mineral Company, bid in the property, and formed themselves into the Big Master

Mining Company, licensed to operate under the laws of Ontario, with president Benj.

Hammond. The offices of the new concern are at Fishkill-on-Hudson, N. Y., and
Gold Rock, Ont. W. Shovells is still in charge, and with a few men has commence.]

renovating camps and machinery, and strengthening the head frame structure over

the shaft with the intention of shortly resuming mining. Additional mining plant

iii the way of pumps, air drills and hoist may be installed.

According to the office plans the ore shoot in the west vein has been found to widen
and lengthen respectively from 2i feet by 30 feet on the surface to 8 feet by 156 feet

on the second or 185-foot level, and 9 feet width in the winze below this point, and to

have shown an average value of $17 per ton. The East vein or shoot, so far on'y

opened out along the first or 85 foot level, has a length there of 140 feet, and a

ridth of 12 feet, with an averge assay value of $8.35 per ton.

St. Anthony Reef

On account of the lateness of the season and because practically no mining ha I

been done since the last inspection of this property in 1902, no visit was made on thi*

trip. But later from Mr. J. S. Steele, manager, it was learnt that mining waa
resumed towards the end of the year, No. 1 open cut being deepened to water levol
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St. Anthony Reef Gold Mining Company, Sturgeon lake, showing mill building
and head gear of No. 2 shaft.

View from Dawson's Cottage (English River Gold Mining Company), looking west.
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(lake level), that is to 44 feet deep at the breast, and Nos. 1 and 2 shafts being con-

nected by a drift on the underground level. Sloping had begun at this latter place.

During the past year, also, a 10-stamp mill was taken in and erected, a sawmill

to furnish the lumber necessary, and a complete mining plant of boiler, hoist, air-

compressor, drills and pumps. It wa-* expected that the mill was then in operation,

as sufficient ore for some months to come already lies at the dumps.

The employees number twenty.

Sunbeam Mine

This is the old A L 282 property. The owners and management remain the same,

but the force of men has increased to forty on account of the enlarged scale of opera-

tions. Some additional mining locations have been acquired adjoining or in tho

vicinity of A L 282, as follows: H P 623 to 626, and X277-8-9, 590-1 and 614. A
10-stamp mill has been built on X614 about thi-ee-fourths of a mile distant from thi

A. L. 282 or Sunbeam gold mine.

mine on A L 282, and the two connected by a surface tram road operated with horsj

cars. The milling plant includes 10 stamps of 1,050 lbs. weight, plates, 9 by 15-inch

jaw crusher, a 40-h.p. horizontal engine, and in an adjoining building a 40-h.p.

boiler. The pump is stationed on the lake shore 200 feet distant. Treatment of the

ore commenced in July 1904, and has continued eadily to this date of inspection,

13th October 1904.

At the mine considerable work has been accomplished. The upper 76-foot vertical

portion of the shaft has been abandoned and the incline continued straight to the

surface for the better operation of the skip. The new shaft head gear combines small

ore bins and chutes, from which the tram cars are loaded for the mill. The shaft

has reached a depth of 410 feet on the 43*' incline N.
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First level, S. W. drift, 135 feet (30 feet increase) with a stope 65 feet long by

55 feet high by 6 feet wide.

Second level : in the N. E. drift there are two stopes, one 30 feet long by 8 feet

high by 6 feet wide, and the other 35 feet long by 12 feet high by 6 feet wide; S. W.
drift, also two stopes, one 30 feet long by 12 feet high by 6 feet wide, and the other

•50 feet long by 15 feet high by 6 feet wide.

Third level : in the S. W. drift is one stope 25 feet long by 6 feet high by 6 feet

wide.

Shakespeare gold mine; shaft, tunnel and power house.

All mining is done by hand drills. Ventilation depends on the natural air cir-

culation, which will soon have to be aided, if the working places aijp extended. S
new hoist house has been built on the flat beside the boiler house, and contains a

new 25-h. p. hoist engine.

A L2(X)
A short account of this property was given in the last Report of the Bureau

en pages 71 and 72. According to one of the officers of the company a little more
mining has been done since, consisting of stripping the vein and crosscutting it at

about 1,000 feet N. E. of the shaft. Two log camp dwellings have also bean built,

and it is hoped to recommence development actively this fall.

Shakespeare Mine

Three inspections were made of this mine during the summer of 1904, the second
one occasioned by a serious fatal accident whereby six miners lost their lives. A
report on this fatality appears in another part of this volume. All" operations were
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suspended for a month or so after the accident, but since that time have continue-!

steadily since the inspection of last j'ear.

The tunnel reached a length of 75 feet crosscutting the formation northwesterly.

At 65 feet drifts were run 43 feet S. W., and 37 feet N. E., wi£E in the latter a

crosscut from the face 17 feet S. W. At its face the tunnel connects with shaft it

a point 53 feet down. The shaft is in all 95 feet deep, with at 90 feet depth a cross-

cut S. E. 38 feet. It is timbered into a bucket-way and ladder-way. At the moutn

of the tunnel stands the power-house, with 40-h. p. boiler, 3-drill Ingersoll air-com-

pressor and hoist engine. The blacksmith shop adjoins.

From the shaft house a surface tram road runs 200 feet across the ridge to a box

chute dumping on to the crusher floor of a new stamp mill now under erection at the

foot of the cliff on the flat in the N. side. The plant contains 5 gravity stamp?,

J'rue vanner, plates, 7 by 10-inch jaw crusher and feeder, and a 35-h. p. boiler and

10 by 12-inch horizontal engine, and it is expected will be in operation in a month

or less.

At the date of the last inspection, 27th October 1904, Mr. James McKenzie was

superintendent, with a force of eight.

Avon Mine

The property by this name is controlled by a syndicate composed of J. C. Foley

and associates, and comprises an area of 360 acres in Shakespeare township adjoining

the Shakespeare mine, made up as follows: N. half lot 4, concession I; S. half of lot

4, concession II ; and the S. E. quarter of S. hjtilf of lot 5, concession II. Mr. J. C.

Avon mine, eompre.ssor plant. Tunnel in hill to rigljt.

Foley is in charge, with a force of fourteen men. The present mining work is ei

ploratory, consisting of surface cuts, and the tunnel 200 feet long to date, driven

S. E. across the same rock ridge or hill in which the Shakespeare workings lie, and
at about one-quarter of a mile farther N. E. A compressor plant has been erecte.i

near the tunnel, containing a 50-h. p. boiler and a 3-drill Rand air-compressor. The
camp buildings number three.
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Instructions were given for greater care in storing, handling and thawing th-j

dynamite.

Lucinda Mine

This property consists of the N. half of section 11 and the S. half of section 2,

Fei^wick township, situated near Goulais bay, lake Superior, and is reached by roiU

or trail from Searchmont, Algoma Central railway, some 35 miles north of Sault Ste.

Marie. A shaft has been sunk Qo feet deep and in addition some surface stripping has

been done. A 45-ton Huntingdon mill was installed this summer, but after a few days

run all operations were suspended.

The property is owned by the Lucinda Gold Mining Company, Sault Ste. Marit>

Mich., secretary, Chas. M. Dysinger, and president, F. M. Dale.

IRON MINES

Williams Mine

Considerable activity has marked the development of this property since the last

inspection of a year ago. At 30th October, 1904, the shaft had reached a depth of

200 feet, and was carefully timbered and divided into two compartments, for ladder-

way in one and bucket-way with guides and cross head in the other. A level has been

tpened at 200 feet depth with drifts S. E. 20 feet and N. W. 74 feet at 30 feet. la

the latter a crosscut runs N. E. 42 feet; and at 35 feet in, another S. W. 86 feet.

All drilling is done by hand. A new blacksmith and carpenter shop had just been

completed, the old one to be converted into a dry room. Ventilation is provided for

by a 12-inch pipe with steam jet suspended down the shaft and along the level to tb-j

working faces. From February to May 1904, 1,500 feet of diamond drilling was done,

the five holes being all bored from the bottom of the shaft, serving to guide the sub-

sequent development outlined above. One hole inclined 70° northeasterly, passed

through 16 feet of clean hematite at 322 feet depth. With the opening of the level

a body or vein of clean, solid ore was struck 4 feet six inches in width, and this

extends through the drifts. >fothing further was met in the N. E. crosscut, but 'a

the S. W. one a series of ore bodies was cut through about as follows, and in addition
to the body in the main level: from the drift S. W., 16 feet slate, 2 feet mixed ore

4 feet clean ore, 3 feet misd ore, 7 feet clean ore, 9 feet slate, 7 feet mixed ore, 8
feet clean ore, 30 feet to face in black schist. The aggregate width of clean ore is

19 feet, and of lean ore 12 feet.

With the stoping out of some of these bodies shipments will, it is expected, be made
during the winter, and for the purpose a wagon road is to be constructed around the

N. E. sliore of Loon lake, about two miles in all, to connect with the Algoma Central

railway at Wilde station. Mr. C. C. Williams is manager, and employs a force of

eighteen men.

Helen Mine

AVith the removal of the financial difficulties of the Lake Superior Corporation

in the spring of 1904, this mine resumed operations, and has since been producing

and shipping at the rate of about 1,000 tons of ore a day. Mr. R. W. Seelye is super-

intendent, and employs a force of between 150 and 160 men. The largest portion

of the output of the mine is going to the United States, filling contracts made previous

to the erection by the company at Sault Ste. Marie of its own blast furnaces. A fair

amount has however already been stocked at the blast furnace dock at the Soj.

It brings a high price in foreign competition on account of its value as a mixer with

the prevailing soft ores of the States.
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No more ore is now raised from the open pit, but all is milled to the underground

levels and hoisted out by way of the shafts. There are two of these 100 feet apart.

No. 1 is used for development purposes, and No. 2 for hoisting ore, and both are about;

200 feet deep. The pit floor, 90 feet below the surface, counts as the first level; th-j

second is at 1(38 feet depth. On this, drilts run approximately at right angles to one

another, undermining the ore body, and from suitable points raises have been made
to the pit floor 80 feet above, down which the ore is underhand stoped or milled from

the pit to the second level, to form large stock piles. From these the desired quantities

can be trammed to produce the best grade mixture of ore. These mill holes have been

so located that each produces one of the several distinct grades of ore. According to

Mr. Seelye, the first grade is hard compact red hematite, 60 per cent, iron and over

;

the second porous but hard brown limonite, 37 to 58 per cent, iron ; the third, soi:t

brown limonite, 53 to 54 per cent. iron. The grades low in iron are on the other haml
freer from phosphorus and sulphur, so that by judicious mixing an ore of the following

average content can be maintained:

Per Cent.

Iron 61.40
Silica 4.50
PhOBphorns 087
Bulphnr 085
Water 3.75

When shipping, the skips dump the ore direct into the rock crusher at the top

of shaft house, whence it drops into the 50-ton ore cars to be hauled at once to the
ere docks in Michipicoten Harbor. In winter the ore will be stocked underground,
end not on ore piles in the open as formerly. No. 2 shaft is now sinking to open out
a third level to repeat the operations on the second.

The surface plant has been partially remodelled by lowering the shaft house and
crusher some 36 feet, and installing a new large double drum hoist and the two air

compressors (14- and 6-drill respectively) in a new power house on the, bared banks :»f

Boyer lake now pumped out. A new battery of four boilers in the same building
supplies power for the entire workings. The rest of the plant remains the same as
before.

Instructions were given for certain changes in the place and method of thawing
the dynamite, and also for greater safety in its general care.

'

Preparations have been made for hydraulicking and pumping out the mud which
overlies the 60-foot deposit of iron pyrites to a thickness of 30 to 35 feet in the bed
of Boyer lake. This mud will have to be removed before the pyrites can be handled.

COPPER MINES

Massey Station Mine

Inspections were made of this mine twice in 1904, one in June and the other in
October. On the last occasion a change had been made in the staff, Mr. H. W
Hardinge being superintendent, and Mr. Barclay having resigned from treasurership
of the company. The mine had been closed temporarily in July, during the construction
of the oil concentrator, but had again opened at the time of my second visit. The
number of employees has been increased to forty-four.

The shaft had not been sunk any deeper.

First level : unchanged.

Second level: small overhand stopes in both E. and W. drifts.

Third level: E. drift, 54 feet with overhand stope to the face 32 feet high, and
ending in a raise to the second level, and connecting by winze with the fourth level.
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Fourth level: E. drift 140 feet with a crosscut from the face S. 30 feet, and a

stope 64 feet long hj 20 feet high; W. drift 243 feet, witlT at 141 Teet in a crosscut

S. 16 feet, and a stope 55 feet long by 55. feet high, terminating in the raise to the
third level.

Fifth level : E. drift 52 feet, and W. drift 30 feet.

Sixth level : E. drift 17 feet, and W. drift 35 feet.

Seventh level: E. drift 115 feet, with at 50 feet in a crosscut N. 50 feet; W.
drift 37 feet, with at the face crosscuts N. W. 85 feet and S. 15 feet.

The shaft partition has been put in to the fourth level, according to subsequent

advice from the manager.

Massey Station copper mine, oil concentrator and mine looking west.

The rails were laid on the side line of railway from Massey station this sprin;?,

and the machinery and plant for the new concentrator brought in. By October the

plant was completed and in operation.

The accompanying illustrations will give an idea of the size of the building. The

ore treatment consists of iirst wet concentration on a Wilfley table of the fairly coarse

julp, and subsequent separation of the chalcopj-rite out of the finely pulped remainder

by taking advantage of the affinity of this mineral for oil. The plant consists of a

Krupp ball mill, a Wilfley concentrator, a tube mill and a 2-unit (oO-ton) Elmore oil

j»lant. The engine operating the whole is supplied with steam from the adjacent mine

boiler battery. The first runs with the plant are giving good results.

Hermina Mine

Development has progressed actively at this property during the past year, with

bt present a force of 15 to 20 men. It was inspected on three occasions during 1904

to see that several instructions regarding its safe operation were carried out. The
last visit was made on 28th October 1904. Mining has during the year been confined

practically to one place at the southeast end of the property, by sinking a shaft 202
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feet deep, vertical, and 7 by 10 feet in size, with the first level at 90 feet depth, on

which a crosscut runs E. 25 feet, then turning S. 40 feet, and a second level station

just being opened. The timbering for a bucket-way witil crosshead and guides, ard

a ladder-way was being completed to the bottom. The shaft fc>llow8 down a vein of

almost clean chalcopyrite from one to two fe"t wide, which lies in a green trap.

A solid head frame has been erected over the shaft, and a short distance away a

power house containing the mining plant of a 50-h. Pj boiler, 6-drill Ingersoll air-

compressor, duplex cylinder, 3-foot drum hoist engine and pumps. The blacksmith

shop adjoins, but the same camp is in use about three-fourfhs of a mile to the west,

Mhere a new oflBce has been built.

The wide vein at the N. W. end of the lots received some further attention oy

sinking a 10-foot pit out of the surface crosscut mentioned in last year's report.

A satisfactory dynamite thawing-house has been added, and another separated

<ihed is to be used immediatelj* for storing the oil.

Eagle Copper Mine

A short account- of this mine wns given in the Twelfth Report of the Bureau, page
101, under the heading Goulais Bay. In addition to the S. W. quarter of section 14,

the company also control the N. W. quarter of section 14, the S. W. and N. W.
quarters of section 23, and the S. E. quarter of the S. E. quarter of section 15, al!

in Yankoughnet township, aggregating 600 acres.

Most of the mining has been done on the S. W. quarter of section 14, consistin,^

ci a shaft 55 feet deep, vertical, and 6 by 11 feet in size, with, at the bottom, a

crosscut running S. 37 feet, and tnen E. 6fi feet. At 40 feet in this last 60 feet another

crosscut was driven S. 18 feet. At 200 feet S. E. of the shaft a tunnel enters thrt

bill for 90 feet in a S. E. direction. The vein is composed of quartz carrying chalco-

pyrite and galena, with values in gold and silver. A mining plant has been installed

consisting of a J 4-1). p. boiler, pvmp, a steam drill and a heist engine. The camp
is made up of two dwelling houses.

The above information was obtained in October, 1904, from Mr. A. G. Terrill,

who contracted for the mining done, no inspection being made because of the suspensioii

of operations a few days previous.

Superior Mine
f

This property suspended development a few days before my arrival in the district,

and no inspection was therefore made; but from Mr. F. M. Perry^ manager, it .'s

learned that all work has during the year been confined to No. 6 shaft, which has

reached a depth of 260 feet, with the first level at 100 feet depth and drifting thereon

N. AV. 25 feet and S. E. 25 feet; and the second level at 2150 feet depth, with' drifts

N. W. 25 feet and S. E. 25 feet. The surface plant remains unchanged. The reason

given for the stoppage is that the mine has reached the point where it is advisable

to prosecute development on a larger scale with increased mining plant and facilities

of transportation, such as a side line of railway from the Algoma Central railway, and
also where some means of treating the ore must be decided on. It is a question either

of concentrating at the mine or shipping the ore to Sault Ste. Marie to be smelted

at a customs plant, which may oe erected there, or possibly of both. As soon as the

future plan of operations is decided on the owners intimate their intention of resum-

ing work.

WHISKEY LAKE COPPER AREA
The Whiskej- Lake area, so-called from the presence within its boundaries of i

fairly large lake of that name, is included at the present time within four townships,

each six miles square, and known as Xos. 137. 13S. 143 and 144. These are contiguous

in the form of a square, whose southern boundary lies two townships north of Shedd.^T
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and Lewis, which border on the north shore of Lake Huron. The lower end of Whiskay

lake is distant about fifteen miles due north of Cutler, on the Canadian Paciflo

railway, Sault Branch, from where one may reach the lake by canoe, up the Serpent

river waters. Lumbering operations, however, practically close this river for navigation

until the fall of the year. The usual route followed is by a roundabout road 33 miles

long from Massey Station, farther east, northwesterly througlu the townships of

Salter and Tennyson, and township No. 130 to the east side of AMiiskey lake, after

which all travel is by canoe through the lakes and rivers which abound in the region.

Another road of about the same length, but in a worse condition for travel, goes

northeast from Spragge, to the west of Cutler, arriving at Picard's lake. At this

point the canoe is taken, passing up Whiskey creek, about three miles in length, and

thence into Whiskey lake.

Most of the townships in this district have been under timber license to lumbering

firms for thirty years or more, with authority to cut the pine and other trees thereon,

and the existence of these valuable timber interests has operated to discourage pros-

H. E. Long's quartz-copper vein; outcropping on west side Corner Lake, Timber Berths 137 and 143.

pecting or mining, which would tend to expose the timber to danger of loss by fir-j.

Most of the townships have been cut over once, a number of years ago, but the timber
then too small to take has grown in size, and in certain portions of the limits is now
merchantable. Where the lands have been denuded of their timber this obstacle '-o

mining does not, of course, exist.

The occurrence of copper in the area has been known for a number of years, but

rot until recently have other than the original one or two finds been made. Thesa

new deposits have proved to be unusually continuous, as a result of which the locators

have taken up considerable areas of land, some of which have been surveyed, and the

rest simply applied for, pending the opening of the district for mining. The excellent

specimens of ore sent out also gave the appearance of worth to the discoveries, war-

ranting the present short examination of the field.



64 Bureau of Mines No. 5

The district has several characteristic features in which it differs from the lower

land to the south, amongst these being the large number of lakes, long and narrow
for the most part, separated by high rocky hills and connected one with the other by

typical mountain streams. Although the hills do not rise much over 300 feet from
the lakes at the foot, they are unusually precipitous and strewn with rock debris.

Ihe rocky nature of the country is frequently hidden at a distance by the heavy
growth of stout, healthy trees of both hard and soft woods.

For a couple of miles or so north of Massey Station the road passes over quartz-

ites intersected at intervals by dikes of greenstone, probably diorito, and then in"o

a stretch six to ten miles wide composed entirely, as far as could be observed, of thi

Igneous rocks, granite gneiss and diorite, the last intersecting the other in narrow
or, more frequently, extensive eruptions. At Whiskey lake the quartzite aga'U

appears, and here, as in the belt to the south, it is broken up by a series of more or

Uss parallel intrusions of diorite, having a course east and west and vertical d'p.

Where observed, the width ranges from 100 feet to as much as half-a-mile. In texture
the diorite is usually medium-grained, granular and green in color, althjbugh alon^

'ts contacts with the quartzite this disappears in an alteration towards a darker
compact schist.

The quartzite, in texture, composition and color, varies considerably, but in the

main is of rusty white, clear quartz of medium grain. From this it ranges through

a pinkish arkose with the feldspar in fair abundance towards a fine-grained grayish

lock also felspathic ; and on the other hand towards a quite coarse rock, almost
entirely quartz in composition, having somewhat the appearance of a conglomerate

from the presence of embedded stones measuring as much as six or eight inches acrosi.

These large inclusions are, however, composed of practically identical material.

Along the east shore of Whiskey lake, where also the eastern boundary line of tho

townships in this area runs, granite outcroppings appear on some of the hills, but

whether they are of intrusive origin as well as the diorite, or merely outliers from th'3

Laurentian rocks to the north, was not determined, no copper veins having yet been

discovered on that side of the lake and area.

An examination of the different mining locations shows three distinct classes of

veins or ore deposits, according to their characteristics, but all appear traceable in

the first instance to faulting or fracturing, subsequent to the solidification of t^e

greenstone ejections.

Campbell's Island

On Campbell's island, near the centre of Whiskey lake, and at the falls at the

head of the lake one and the same class of vein occurs. It consists of lenticular quartz

fillings in blocky green schist, the quartz carrying galena and iron and copper pyrites

in irregular pockets, which are quite small and unimportant in value where exposed

by the few open cuts and strippings. A sample from one of these openings on the vein

at each location gave by assay only traces in gold, but from $1.00 to over $3.00 per
Ion silver, according to the quantity of galena present. The amount of copper was too
small to need a determination.

Campbell's island has an area of about 160 acres and rises very steeply to a

height of 185 feet above the lake. It consists of a mass of diorite, and through the

face of a bluff of this on the south side, at 125 feet above the lake, the quartz vein

outcrops, striking about N. W.-S. E., with a dip of thirty degrees N. E. The vein

can be traced for about 225 feet in all, having a width of four or five feet for 75 feet

N. W. of the one opening, but pinching out to narrow stringers in the remaining 150

feet in the opposite direction.
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The other location referred to as at the head of Whiskey lake, takes in, as applied

for, the land on both sides of the 100-yard stream and falls (20-feet drop) which

empties Bear lake into Whiskey lake. The lenticular quartz vein lies on the east sid-3

of the stream and was traced back east from the water's edge 300 or 400 feet, with

widths of two to six feet. The strike is east and west and dip about vertical.

This class of vein lies well within the interior of the greenstone bands, and hiS

DO apparent connection with the contact disturbances to which are due the most

important class of ore body described hereafter.

The Peyton Location

The class to which the second variety of vein belongs is yet doubtful. It will

probably be found to have lenticular characteristics. Only one example is so fsr

known, and that on mining location W R 94, called the Peyton location, on the west

side of Whiskey lake and southwest of Campbell's island. The vein outcrops at the

shore, mostly under the water, and cannot be traced for more than 100 feet altogether.

Apparently it pinches out inland, as nothing is to be seen of it in the rock bluffs

back of the shore. It lies in the quartzite with vertical dip, and a strike N. 70° W.

v/ell within one of a series of bands of this formation alternating in a N. and S.

direction with other bands of greenstone.

Quartz and chalcopyrite compose the vein and ore. Of this from the exposure on

the shore a small amount was raised by open pit which ran high in copper content.

In a 26-foot shaft sunk a short distance back from the lake the quartz body breaks

i.p into a few smaller stringers with less copper. The small amount of work done,

with the meagre surface exposure is insufficient to give any idea as to the continuity

o! eitlier the vein or the copper values therein.

The veins of the third or remaining class have been found more frequently than

either of the others, and from their unusual continuity along unvarying lines of strike,

and the generous distribution of fair to merchantable quantities of copper at all

points where uncovered, they undoubtedly form the most important deposits of

copper ore in the area. They constitute fillings of quartz and chalcopyrite along

faulted or merely shattered zones of the greenstone, always either in or quite close

io its contact with the quartzite. The greenstone or diorite side of these contaora

evidently marked the main lines of weakness in the rocks of the area, since no other

disturbance approaches the prominence of this.

AVhere a clean fault was made the vein has all the characteristics of a true fissure

deposit. The walls are often slickensided and lined with more or less gouge, being in

such case well defined. Most of the gangue consists of quartz, especially where the

vein has narrowed down, the only other rock being trap, which is interbanded throug.l

the quartz in greatest quantity where the vein is widest. The brecciated ore

lodies, which follow lines or zones of fracture rather than of faulting in the diorite,

are composed mainly of the trap itself in angular masses, both large and small,

cemented together with a much smaller quantity of quartz and chalcopyrite. The
walls in this case are rather indefinite ; the ore will probably be found to quickly

decrease in copper content as the undisturbed rock on either side is approached.

The strike of these copper veins, like that of the contacts of the diorite and
quartzite they follow, is most often a few (about ten) degrees south of west, hut it

varies locally as much as 45 degrees. The veins have a width of three or four

feet to over twenty feet. The copper occurs as chalcopyrite, and constitutes practical y
the only sulphide present, iron pyrites being visible in the gangue and the walls alone.

The chalcopyrite is both finely disseminated and in large masses or bands, sometimes

a foot wide. As very little work has been done it was not possible to fairly samplo
the veins for their copper content; but it will be neither too much nor too little tr

say that they are very good prospects.

5 M.
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THE LONG TOM LOCATIONS

H. E. Long'g quartz-copper vein, stripped on north side McCool lake, Timber Berth, 137.

5a M.

li. K. i.uiig!- ijuartz-i-iipper vt'in stripped on W. 1-i. 91, "Timber Berth 137
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One of these veins is especially interesting. It was discovered and located by Mr.

H. E. Long, who has since traced it for nearly three miles, and for a further distance

of two or three miles more on either side he found similar outcroppings of apparently

the same deposit. The locations covering it have since been surveyed and filed with

fhe following numbers, from east to west, W. R. 118, 114, 113, 119, 91, 115, 116, ali

in the northwest corner of timber berth 137, and W. R. 116, 117 and 126, adjoining

in timber berth 143. For about half their total length these locations border on and

include most of the land under the waters of McCool and Corner lakes. The property

is now known as the Long Tom, and aggregates about 1,760 acres. H. E. Long and

Jas. J. McFadden are the two applicants. The vein lies along the contact betwe-jn

diorite on the south and quartzite on the north, but entirely in the diorite, and has

been uncovered and trenched at numerous points along and near the north shore of

McCool lake, and at the prominent outcrops on both sides of Corner lake. The fissure

now filled by this vein follows an almost straight course S. 80' W.

The Reynolds Property

The Reynolds property consists of mining location W R 92 at thie northwest end

of Whiskey lake and between it and Bear lake and the short stream which joins the

two. It lies in timber berth 138, about a mile north of the east end of the Long Tom
locations. Chas. C. Reynolds is the locator, and jointly with some associates, the

applicant. The outcroppings and what work has been done on them in the way of a

t'ig open cut, are reached by a short trail from the bay on the Whiskey lake side about

300 feet north of the creek mouth. The vein has the same strike as the Long Tom,
namely S. 80° W., with about vertical dip and at the one opening is twenty feet wide.

This width seems to be maintained in the 300 feet over which it was traced under the

moss. It is composed of quartz and the slightly altered hornblende country rock,

closely intermixed into a dark mass, through all of which chalcopyrite is disseminated

m considerable porportion, mainly in a fine state. In this case the contact of the

enclosing greenstone with the quartzite lies to the south a short distance, nearer the

shores of Bear lake.

The other deposits do not need any special description. One is covered by mining

location W R 93, and from its position at the easterly end of the Long Tom properties

may be a continuation of that vein. It is on another small lake on the east and west

line dividing timber berths 137 and 138.

Another copper-bearing lode of this class was discovered a few days prior to my
visit, and has been applied for as mining location Y 352, by J. A. Montague and
associates. It borders on the west shore of Whitefish lake, which is about one-quarter

mile west of the lower stretch of Whiskey lake, into which it empties by a swi't

mountain stream. It is reached by way of W^hiskey lake, by a trail starting from the

camp of the first vein mentioned, W R 94. The vein cuts across a mountain or high hill,

which rises several hundred feet above Whitefish lake, the first exposure being 235

teet up. It lies in or near the contact btween the greenstone on the northeast and
the quartzite on the southwest, striking approximately N. W.-S. E. The vein consists

a a coarsely fractured zone of the trap cemented with quartz, with the chalcopyrite

mostly in the latter. The few uncoverings show a width of about ten feet of vein

material. Some stripping and other surface work was done on it during the summer.

A year or so previous to my visit to this area some similar copper veins weie
discovered and superficially explored farther south, probably half way between the
Massey Station copper mine and these Whiskey lake deposits, and reached by the

same road from Massey Station. This may indicate a considerably larger copper-

bearing area than has so far been defined.
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NICKEL'COPPER MINES

With the resumption of ore reduction in the new smelter plant of the Canadinn

Copper Company, the reopening of the Mond Nickel Company's mines and smelt< r

at Victoria Mines, the exploration by diamond drills of the Lake Superior Corporation's

nickel mines prior to a resumption of development, and th-e opening up of some smaller

but new nickel prospects, the outlook for the coming year is very bright in the

Sudbury nickel camps. Depending on the capacity of the market to absorb the prj-

(iuct, the output of the high-grade matte sliould be much greater in 190.5 than ever

before. The Mond Nickel Company's nickel refinery in Wales has ju.st been enlarged

10 double its former capacity, so that there need be no cause for another suspensiin

of production at their Canadian mines and works for lack of an outlet for the matt.?.

The nickel ores of the Province have been added to by the new finds of cobalt-

nickel arsenides and silver near Haileybury in the Temiskamiug district, although

for a time the probability is that these cres will be treated cut of the Province.

Visits of inspection were made to these mines in June and October, 1904.

The mines of this area, nickel, copper and any others, will shortly have

within reach all the electric energy they can consume. Besides the development

cf the High Falls water power for use by thiC Canadian Copper Company's mines and

works, three other water power companies will shortly have electric energy for sale.

I

Power house of the Sudbury Power Company, McPherson falls, Vermilion river,

Creighton township.

One is on the Wahnapitae river about three miles south of Wahnapitae statio.".,

C. P. R.. where the hea- of water is .53 feet, the maximum power .D.OOO-h.p., and the

amount to be used or developed 2,o00-h.p. Another is at McPherson's falls, on

the Vermilion river, on lots 11, concessions I and II, Creighton township, about ten

miles due south of Larchwood, C. P. R. main line, and about sixteen miles west of

Sudbury. The head of water here is 25 feet and the capacity of the power 3,000
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h. p., of which about 1,200-h. p. is to be now made available. The Sudbury Power

Company is undertaking this work. In addition to these two which are simply for the

sale of electric power, there is another source of a limited supply at the Spanish River

Pulp and Paper Company's pulp mill near Espanola, where a drop of 60 feet on the

Spanish river is now under control for the development of 10,000-h. p., and at some

future date, as desired, of the total capacity of 22,000-h. p.

CANADIAN COPPER COMPANY
Two set-backs were encountered by this company during the year by the burning

down first of the Ontario Smelting Works in February, and in June of the West

smelter. By leasing the plant of the Mend Nickel Company at Victoria Mines thc^

I roblem of refining the low grade matte product of the West smelter was overcome.

But with the destruction of this latter plant all production work had to cease until

October, when the new smelter commenced operations.

The management has been active in incorporating the most modern economic

ideas and practices into all parts of the works, and many changes and improvements

are noticeable over the conditions of a year ago. New plant is bought from time

to time, such as locomotives and other rolling stock, roadbeds improved, new lines 'aid

out, and new buildings erected at different points to increase the capacity or efficiency

ijf the various parts of the operations at mines, roast yards, machine shops, fountlry

and so on, not forgetting the beautifying of the town of Copper Cliff by an occasional

coat of paint.

The only changes in the staff are the appointment of P. R. Bradley to the position

of smelter superintendent, and the resignation of Mr. Baird, and of Mr. R. Taylor

as smelter foreman. In June the employees numbered 1.082. This is somewhat reduced

i.ow with the completion of the smelter plant.

After several preliminary trials the new smelter began its continuous run about

the end of October, 1904, for the production in one operation of high, grade Bessemer

matte. The last Report of the Bureau contains a general description of this plant

;

in detail the different parts are as follows : Two blast furnaces, capacity 550 tons of

charge each per day ; three Bessemer converters in place, revolved electrically ; four

settling wells; slag pots on double truck cars; electric travelling crane to handle con-

verters and matte pots; in the power house, a battery of four water-tube boilers witn

water purifying system ; condenser plant ; three blower engines, one for the converters

and two for the blast furnaces; two electric generators of 250 k. w., each connectel

to high speed Corliss valve engines; two lighting dynamos of 7-5 k. w., belt driven b>

}iigh speed Peerless engines; and many pumps and other accessory machines.

There are no important changes in the roast yards. No. 3 contains about 100

heaps of various sizes, and No. 1 about 65, comprising about 175,000 tons of ore, about

pJl the company care to have lying idle preparatory to smelting, since half this

IS sufficient to insure a steady smelter supply. For this reason not many heaps have

teen built latterly.

Creighton Mine

Mr. Geo. A. Sprecher was in charge of this mine, with a force of 177 men in June
and 100 in October. The pit now measures 250 feet by 300 feet plan, by the same
depth of 60 feet. The shaft has been extended down to thfi second level, 140 feet

deep, with double skip road and ladder-way ; a drift runs from the bottom S. 70 feet,

and a raise from there to the pit floor, down which the ore is row in part stopej.

This latter working place has a diameter of 50 feet, and forms a pocket for storing

l?rge quantities of ore ready for hoisting. The output from the pit and second level

has averaged about 500 tons a day, with a maximum of nearly 1,000 tons a day. The
surf.-'ce is heing; stripped to the S. and S. E., preparatory to the extension of the pit

in that direction.
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The mining plant is the same except that a new double drum five-ton hoist has

replaced the former one. A fine manager's dwelling has been built in addition to several

other dwellings for the employees.

Creighton nickel mine, looking south.

This is the only mine belonging to the company which is now producing nickel ore,

all the remaining working ones having been closed during the summer and allowed to

fill with water. The Creighton has such immense reserves of high-grade, cheaply mined
ere that it will be unnecessary to operate the other properties, probably for many years

to come.

Copper Cliff Mine

Towards the last the output of this mine amounted to only 80 tons of ore a day.

which though unusually rich did not compensate, the company state, for the expenses
entailed in the operation of such a deep mine, and in August 1904, the pumps and other

machinery were raised, and the mine permitted to fill with water.

The last new work consisted in re-opening the bottom of the old big stope on the
thirteenth level, and breaking down considerable ore from the sides and far face.

Nothing worth while now remains there. Aft«r stoping out all the ore about the winie
from the thirteenth to the fourteenth levels to a size of 10 feet width by 40 feet length,
the same winze and then the stope were continued down about 75 feet deeper, the stope

here being somewhat wider, but of the same length. The continued nickel-copper content
of this ore ranged from ten to twelve per cent., mainly copper.

I
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Vermilion and Krean Hill Mines

In January 1904, the Vermilion mine was re-opened by the Canadian Copper

Company, who now have the controlling interest. It was originally known as a goM
and platinum deposit, and a small stamp mill, now entirely gone, was erected to treat

the ore. But after passing through the few feet of weathered surface or gossan, into

the unaltered sulphides, no more free precious minerals were found, and so the venture

Terminated. It has always been known as a remarkably rich nickel deposit, though small

and irregular, and the present development is for furthier exploration only. A small

mining plant consisting of a three-drill air-compressor, 60-h.p. boiler, small hoist engine

and pump was set up to facilitate the work. The old camp has again been made use of.

The workings comprise several small open cuts and one large one 8 feet wide by 50

feet long E. and W., by 12 feet deep. Out of the centre of this a shaft has been sunk

57 feet deep, vertical, and 7 by 7 feet in size, and from the bottom drifts run S. E.

turning E., 80 feet; and Wi. 60 feet. At 80 feet S. E. of this shaft is another old one,

now full of water, but reported to be 60 feet deep. The ore lies in an irregular contact

I.etween quartzite or arkose on the S. and S. E. side, and schists and greenstones on the

Is. and N. W. side, occasionally extending into the latter, in lenticular pockets and

stringers more or loss connected and continuous, in widths varying qu'ckly from a few

inches all the way to eight feet. Two diamond drill holes were bored near the old shaft.

This mine is reached by a two and a half mile road from Victoria Mines. About

half way in it branches off to the Krcan Hill property about one and one quarter mile

larther north, where the company have four minors doing a little prospecting on a deposit

of nickel sulphide ore somewhat similar to the Vermilion.

Other mention of these deposits will be found in Reports of the Bureau of Mine-s,

Vol. TV, p. 36; Vol. VII, pp. 142-3; Vol. XII, p. 272.

Huronian Company

The International Nickel Company have formed another subsidiary company under

the above name to develop the water power at High falls on the Spanish river, for the

purpose of transmitting electric energy to the mines and works of the Canadian Copper

Company at Copper Cliff. High falls is situated about four miles north of the Canadian

Pacific Railway, Sault Branch, at Nairn, and about twenty-six miles southwesterly from

Copper Cliff. Instead of cutting a right of way for the pole line the latter will be put up

along the Canadian Pacific railway tracks to Copper Cliff. The river at the falls breaks

up into several channels over a dike of greenstone, and necessitates an unusual amount

of dam building. Two large dams will confine the stream into the head race, the rocky

hills forming tke other sides. Four smaller dams will close up other channels and a

seventh in the west channel will take the overflow and be provided with a log chute.

There will also be a heavy bulkhead at the end of tlie head race above the power house,

from which four nine-foot diameter steel penstocks will descend at an incline of 85

feet in 200. All dam work is to be concrete. The present drop is 67 feet, but when

raised by the damming a head of 85 feet will be attained at which it is estimated the

total power will be 22,000-h. p. About one-half of this, or 11,000-h.p., will be trans-

formed into electric energy by the present development, and the plant arranged for

the utilization of the rest on short notice. A four-mile line of railroad was first of

all (in the spring of 1904) constructed from the Canadian Pacific railway tracks at

the new station Turbine in to tLe falls.

Messrs. Ross & Holgate, engineers, have charge of the work, and Mr. Geo. Revell

is resident engineer. The force of workers number 300, for whom a large number of

dwellings have been erected. It is expected the power will be ready for use by the end

of 1905.

VICTORIA MINE
During the year sipce last inspection the mine remained closed. A few days prior

1i) my visit of 26th October 1904, unwatering was commenced, the intention being to
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resume ore raising as soon as possible and fill the roast yard so that by spring smelt-

ing might again begin. The smelter plant has not been idle long, however, being

used under lease from February to July by the Canadian Copper Company, for raising

their low grade matte to a high grade product, and also for a short time making smelter

tests in the Massey Station mine copper ore. No changes of importance have been

piade in the plant.

Mr. H. W. Hixon has returned to take charge again, and informs me that Dr.

Mond's nickel refining works in Wales aave just been doubled in capacity. This will

allow of immediate treatment of all matte the Victoria plant can turn out.

The Mond Nickel Company has continued mining at the North Star, which mine
was under lease to it, and has had all the ore shipped to the Victoria smelter yards,

where it is stocked to the amount of about 15.000 tons. It is to be smelted now.

North Star Mine

Inspections were made of this mine in June and October 1904. and it was found
still working under lease to the Mond Nickel Company, with Mr. C. V. Corless 'n

charge, and a force of from forty to forty-eight. An average of TOO tons of ore i<

raised per day, and immediately shipped by rail to this Victoria mine smelter.

The above lease has until December to run. The open pit or trench on the ore body
has been deepened to 17.5 feet by means of a shaft down its centre for the first 100

feet and between pillars for the remaining 75 feet. From the bottom of the shaft short

drifts tluough these pillars lead into the stopes on either side. The E. stope extends
bO feet from the shaft and up to the surface 10 feet to 15 feet wide; and the W stope,

120 feet from tjie shaft and up to the surface, but higher up not more than 100 feet

in length, and from 10 feet to 20 feet wide. Both E. and W. faces have reached tho

end of the workable ore. To determine whether or not it extends down to greater

t^epths in sufficient widths a number of diamond drill holes are being bored.

EVANS NO. 2 MINE
This nickel prospect had a little surface work done on it a few years ago, and now

is undergoing somewhat more extensive development. It consists of the following

parts of lot 7, in the third concession of Snider township, aggregating 100 acres:

N. W. 1 of S. E. J; N. E. i of S. W. J; S. W. J of N. E. 'i ; and the S. E. an I

S. W. quarters of N, W. i. The Manitoulin and* North Shore railway cuts across

the N. W. corner of ^ne lot, at SJ miles west of Sudbury, and tliree-quarters of a mile

east of the North Star mine. J. \V. Evans of Deseronto, Ont., is owner, and J. A.

Baycroft, superintendent. The employees number four. This last work commenced
in -August 1904, when a small camp was erected. A shaft has since been sunk 2^

feet deep, with a five foot crosscut at the bottom on a small but fairly well defined

zone of m'xed ore in gabbro.

IRON PYRITES AND ARSENIC

Steep Rock Lake

During the exploration with diamond drill and otherwise for iron ore in tha
vicinity of Steep Rock lake, AVestern Ontario, by Messrs. Mackenzie, Mann and
Company, a valuable vein of iron pyrites was discovered. This happened towards
the end of 1903, and further work on it extended into 1904, but no ore raising his
yet been undertaken. The locations on which it lies are A L 460 and 461 on the
west side of the west arm of Steep Rock lake, and adjoining these A L 472-3-4 and
462 have also been acquired. Five diamond drill holes were sunk within a distancfi

'.'i 1,200 feet, showing that below the badly weathered and 'indeterminable surface
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indications an almost clean vein of iron pyrites exists, having widths from south to

north (its direction of strike) of 6, 9, 13, 21 and upwards of 12 feet. The pyritss

was sand-like in the last hole, caving in on the drill rods to such an extent that

drilling had to be stopped. The widest places held the cleanest ore, although all,

according to Mr. J. A. Wood, the superintendent, is of shipping grade.

Development to the productive state has been postponed ; and in the meantime

fxplorations of a similar nature are being conducted at other points on the lake for

further deposits.

The vein of pyrites appears to follow a fault plane in the ligKt colored chloritic

schists of the area, which badly squeezed and alterated portion of the rock it has

replaced.

Another party of prospectors was conducting explorations for iron or iron pyrites

in the same neighborhood, but had not found anything at the time of my visit,

October 1904.

James Lake
Mining locations W S 404 and 40-5, 109 acres in area, are situated a short dis-

tance west of the Temiskaming and Northern Ontario railway, at Rib lake siding,

nine miles north of lake Temagami, and bordering on James lake. They are owned

by Major R. G. Leckie, Sudbury, and have been under development by him for the

past year or so, for a deposit of iron pyrites. A small camp has been erected on the

shore of James lake to house the force of five to ertght men.

The ore consists of a fairly clean body of pyrrhotite on one side and iron pyrites

on the other, across a total width of forty feet, and apparently lies in a contact

between hornblende granite on the northwest and green schist on the southeast side

with a strike northeast-southwest. So little rock is exposed on account of the uniform

covering of soil and moss, that a more complete idea of the general geology of tne

locations could not readily be obtained. By means of a 24-foot shaft and several

pits and open cuts the ore body has been explored for a distance of 400 feet. One
complete cross-section, beginning on the southeast side, shows 5 feet of clean pyrites,

fi feet of rock more or less higljy mineralized, 12 feet of tlean pyrites, and finally

about 15 feet of pyrrhotite, which is probablv a fair average of the amount of earli

ui the body. The iron pyrites are said to assay from 48 to 50 per cent, sulphu'-,

with traces only of gold. The pyrrhotite is not thought to be of value since it carries

only from $1.00 to $2.00 per ton gold, about 0.5 per cent, copper, and from 1 to

1 5 per cent, nickel.

Major Leckie expects to build additional camps and mine houses, increase his

force and ship ore during the coming season. The proximity (one-quarter mile) -j i

the railway will allow of very cheap transportation, a necessity to the mining uf

lion pyrites.

Arsenic Lake

Locations W S 13 and 14 are also owned by Major n. G. Leckie, who has had

them under development for a year or more, with a force of about seven miners.

They lie on a small pond known as Arsenic lake, which is one and one-half miles

by road northwest of mile post 74 on the Temiskaming and Northern Ontario railway

two miles north of Temagami. So far tents have sufficed, but a substantial log camT
IS to be built at once. The ore found here is mispickel—arsenical pyrites—filling a

shear zone about 8 feet wide in the green schist of the area. Two solid, clean bands

of ore, aggregating three to four feet in width lie on each side of a central lower grade

somewhat wider portion, having a strike about south-southwest by north-northeost.

The ore will ppobably be sorted into two grades when mined, on account of its

ii regular outline and composition, the greatest width of solid ore so far explor:;d

being only 3 feet, whereas a safe average of the whole merchantable body is about

8 feet. The clean ore carries, according to assay, $16.63 per ton gold and silver, and
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30 per cent arsenic, and the second grade nol over 10 per cent arsenic. Copper and
iron pyrites are also preseint, the percentage of copper running from 0.5 to 1.5 per cent.

Stripping with open cuts has laid bare a length of 60 feet by a width of 20 feet along
<he ore body.

The number of arsenic deposits already discovered and opened up in this im-
mediate area may warrant the erection of an arsenic refinery in their midst. On
this same road, but much nearer to the railway, lies the Big Dan arsenic locations,

tnund a number of years ago, but only this year explored to any extent.

CORUNDUM

Canada Corundum Company

With the gradual adjustment of the new mill to the ore and mining conditions,

the scale of operations has increased at all points. Quarries appear to almost cover *

a very large portion of the hillside in which the ore occurs, and the mill concentrates
now nearly 200 tons of ore a day, with a corresponding output of 10 to 12 tons of

Canada Corundum Company, view of corundum hill.

corundum. Certain modifications, such as curtailment, alteration or increment of

various parts of the process and plant have been found advisable in thie interest of

increased economy and capacity, but other than this the plant and operations remain
practically the same as at last inspection. Mr. D. G. Kerr is manager, employing

A force of from 135 to 140 men.
A number of new buildings have been erected near the mill, including office and

analytical laboratory, and in the flat opposite a small hamlet of workmen's cottages
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has sprung up, the old camps being inconyeniently distant now that all work s

icnfined to this one locality.

It is expected with this complete system and plant that grain corundum of su;h

purity will be uniformly produced as to insure a steadily increasing demand. There

Canada Corundum Company's mill.

reed be no doubt about a constant supply for a long time to come, if not indefinitely,

but it requires time for the trade to appreciate this superior but somewhat more
expensive abrasive.

Ontario Corundum Company

This company was unfortunate enough, last spring to suffer the destruction of

its new mill by fire. But with unquenched energy plans were immediately prepared

for another and better plant, and at the time of my inspection, 20th September 1901.

this was nearing completion. A different process is to be employed, namely, dry

concentration throughout. The two main buildings are the boiler house and mill.

Jin the former a 125-h. p. boiler is installed to do all the drying by steam as well

as to run the plant. The plant comprises five Blake crushers, one 9 by 15 inches, two

7 by 10 inches, and two 4 by 10 inches; two "lightning" (impact) crushers or pulver-

izers; two rolls; dividers; magnetic separator—the Noble; seven Hooper pneumatic
jigs; a dryer; a 75-h. p. horizontal engine and electric lighting plant. The ore will

be dried immediately on arrival from the mine and will remain dry thereafter.

Mining is confined to the same quarry, but from now out sorting will not form
so important a part of this work, since most, if not all, of the ore will be concentrated.

A force of twenty men is employed under superintendent W. Mackie.



MINES OF EASTERN ONTARIO
BY E. T. CORKILL

GOLD MINES

The production of gold in "eastern Ontario in 1904 amounted practically to

iiMthing, altlmugh a number of gold properties were under development. The Belmont
mine, which ceased operations in 11)03, has not as yet been re-opened. It is very unfor-

tunate that a mine which gave such promise as the Belmont should be allowed to lis

idle. Financial men still have faith in the gold mines of this section, since two new
mills were erected durng 1904, and additional companies are being formed for the
purpose of developing in this district. One thing, however, is to be regretted, and
this has been pointed out in former reports, namely, the large sums of money spent
on the surface in the erection of stamp mills, and installation of expensive machinery,

wlien little or no development work has been done to prove the extent of the ore body.

This cannot be wholly blamed on the managers, as the stockholders think that

dividends should begin to come in as soon as work is commenced.

Craig Gold Mine

The Craig property, owned and operated by the Craig Gold Mining and Reduc-

tion Company of Newark, N. J., comprises the south half of lots 4 and 5 in the third

concession of the township of Tudor. It was first opened some years ago, and in

1896 a shaft was sunk on it to a depth of 100 feet. It was re-opened in 1904, and

active mining work begun under the management of W. A. Hungerford.

Two shafts have been sunk at a distance of about 400 feet apart, the south shaft

to a depth of 110 feet. At a depth of 60 feet a level has been run, the north drift

being 280 feet and the south drift 40 feet in length. Stoping is carried on in

both drifts. In the north shaft, which has been sunk to a depth of 110 feet, a drift

has been run south a distance of 80 feet from the 60-foot level.

A Rand compressor plant, two 80-h. p. boilers and double drum hoist to hoist

from two shafts have been installed. Two shaft houses have been built with ore bios

complete, also blacksmith, shop, store house, boarding house for 75 men and office.

A new mill 80 by 32 feet was erected in 1904, and a Merrall 3-stamp battery, triple

discharge, was installed. This is the first mill of this pattern erected in Canada, and
a large tonnage is claimed for it. The present capacity is about 17 tons per day. _

A force of forty-seven men is employed. |
The Pearce property owned by the Cleveland Mining Company was worked for

some months in 1904.

The shaft is sunk to a depth of 185 feet. Levels were established at 60 feet and
100 feet, and 320 feet of drifting was done. The air was supplied from the Atlas

Arsenic Company's works, which are one mile distant. The mine was not in operation

at the time of my visit, but Mr. W. A. Hungerford, manager, supplied me with the

above information.

Star of the East Mine

This mine, owned by the Star of the East Gold Mining and Milling Compan.v,

i« situated on lot 24 in the tenth concession of Barrie township, Frontenac county,

and was in ooeration during the whole of 1904'.

[76]

1
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There are two veins on this property running parallel, about 60 feet apart, in

an easterly and westerly direction. On the south vein three openings have been made,

the deepest of which is about 30 feet in depth. On the north vein a shaft 180 feet

deep has been sunk. The shaft is 18 feet by 11 feet, solidly cribbed for 25 feet, and

timbered the entire depth. The first level is at a depth of 80 feet, from which drifts

have been driven 50 feet east and west. No stoping has yet been done. Hoisting

is done by means of a bucket operated by a duplex cylinder hoist, 24-inch drum.

A boiler of 30-h. p. capacity supplies power to the hoist and to the drill. The mill,

which was constructed in 1904, is situated about one-quarter of a mile from the min?.

A 10-stamp battery was installed during the past winter, and now handles tlie output

&f the mine. The ore is first crushed to one inch and smaller and fed into the stamps

where it is reduced so as to pass through a 60-mesh screen. After passing over the

plates the pulp passes on to a Wilfley table. The concentrates, which consist chiefly

of pyrites and a little magnetic iron, are saved for future treatment. A magazine

built of stone with tin roof, boarding house offices, stables and some houses for men
Lave been built.

The veins occur in crystalline limestone from four to six feet in width, dipping

about 85 degrees to the south. Lenticular massess of quartz occur in the vein

associated with pyrite, magnetite, actinolite, calcite and zincblende (not common

V

Bismuth and bismuthinite have also been found in the vein. The enriched zone i«

about three to four feet from the hanging wall.

IRON MINES

Radnor Mine

The Radnor mine, owned by the Canada Iron Furnace Company, was the chief

producer in 1904 in the eastern part of the Province. About 2,500 tons of ore was

shipped during the winter to the company's furnace at Radnor Forges, Quebec

On account of all mining being done from open pits, the difficulties met with during

the winter were considerable. As a consequence, only one pit was being worked ar

fhe time of my inspection in February, 1905. This pit is called No. 7, and -s

situated 300 feet northwest of No. 8. These open pits are in a semi-circular form from
north to south., beginning at No. 7, which is the most northerly, and following in

rotation Nos. 8, 5, 6, 1, 2 and 3. These pits show that the deposit has a uniform

pitch of 38 degrees to the southwest. No. 8 pit was worked during 1904, but closed

for the winter for reasons mentioned above.

Diamond drilling was carried on by the company in 19U4, holes being put down
southwest of the openings and the deposit found to be quite uniform with depth.

No. 7 pit now being worked is 40 feet long, 30 feet wide and 15 feet deep. The
ore is a coarse-grained magnetite interlaminated with gneiss. Before shipping, it

is sorted into two grades: (1) middlings, carrying about 30 per cent, iron; (2) gool
ore, carrying about 50 per cent. iron.

It has been shown that the low-grade ore could be concentrated by means of

magnetic separators. If this method should prove a success commercially, a great

amount of ore which at present is worthless could be made marketable.

A force of twenty-five men was employed under superintendent D. J. McCuan.

Mineral Range Iron Company
The properties belonging to the Mineral Range Iron Mining Company, whi'jli

are^ described quite fully in the Eleventh Report of the Bureau, were not worked to

any extent during the past year. The success of the properties depends on the railway

facilities and means of transportation being provided. Mr. H. C. Farnum, the manager
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o£ the company, is now endeavoring to have a railroad built from L'Amable station

on the Central Ontario railway to Barry's Baj' station on the Canada Atlantic

railway. This road, if built, would furnish transportation for both the iron of

Hastings county and the corundum of Renfrew county.

The Mineral Range Iron Mining Company have done a great deal of work i»

stripping and proving their properties, and claim to be able to ship 1,000 tons of ore

per day as soon as they are afforded means of outlet. Numerous assays of the ore

show the ore to contain from 50 to 60 per cent, iron, from .01 to a trace of sulphur,

and a trace of phosphorus.

Experiments have been made upon the ore from the Ledyard iron mine at Bel-

mont with a view to reducing tlie sulphur contents by magnetic separation. Very

satisfactory results were obtained, the sulphur content being lowered to one-tenth

of one per cent.

In the vicinity of lake Temagami some diamond drilling was done in 1904 to

explore the iron ranges of that district. Owing to difficulties encountered progress

was very slow, and but little development was accomplished. It is expected, however,

t):at further work will be done during the coming season.

IRON PYRITES

A greater interest is being taken in the development of the iron pyrites properties

of eastern Ontario. The production of this mineral here dates back to the year 1900,

when ore was shipped to the Nicholls Chemical Works, to be used in the manufacture

of sulphuric acid. Since that time the production has steadily increased, resulting in

the discovery and development of new bodies of ore ,and interesting other capit.il

in the development of this industry.

American Madoc Mining Company

Th« property known as the Jarman Pyrites mine, about one mile southeast of

Bannockburn, was worked continuously during 1904. At th^ time of inspection the

employees numbered forty, A. F. Rising being superintendent. The shaft has

leached a depth of 190 feet (an increase of 15 feet since last inspection.) The ore

has been stoped down to the third level, below which all work is now being carried

on. The north drift on the third level, which is at a depth of 175 feet, is 175 fee-

in length, and the south drift 90 feet. A 10-foot pillar is being left in the floor of

the third level north drift, and stoping and sinking is being carried on simultaneously

below this level. Dams have been constructed on the third level, in order to catch

all the water from the upper workings, and a Cameron sinking pump installed.

Hoisting with bucket has recently replaced hoisting with the skip.

Another property situated on lot 23 in the twelfth concession of the township
r)l Hungerford, about one-quarter mile from the C. P. R. and near the village of

Bogart, was worked by tliis company for some months during 1904. The development
work has shown up a large body of ore. The vein runs a little north of east and
dips to the south.

The depth of the main shaft on the vein is 160 feet. At the 100-foot level tiia

east drift is run 40 feet and the west 35 feet. From the west drift a crosscut has

been run north a distance of 100 feet, cutting several veins of pyrites. The two widest

veins average 10 feet each of marketable ore.

A complete plant, consisting of air-compressor, boiler, hoist and rock house, ii

being put in, and preparations are being made for extensive mining operations.
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British American Pyrites Company

The British American Pyrites Company, Limited, of Toronto, commenced d^-

\elopment work on lot 11 in the eleventh concession of the township of Madoo on the

first of October, 1904. A force of nine men is employed under superintendent E. L.

I'raleck.

Considerable stripping and crosscutting was done, and a shaft 7 by 12 feet has

been sunk to a depth of 60 feet, all in ore. The pyrites is very high grade, somo

samples running as high as 50 per cent, in sulphur ; an average of about 48 per cent.

IS maintained by sorting out the wall rock. A well defined fahJband is here traceable

for a mile. The diorite appears altered on the surface to talc and chlorite schists.

LEAD MINES

Hollandia Mine

The lead mine owned by the Ontario Mining and Smelting Company, and formerly

known as the Hollandia lead mine, was actively worked during 1904. A eircuUr

uater-jacketted blast furnace was installed and two carloads of pig lead produced.

Considerable work was done on the surface during the past summer in stripping,

jroviiig the vein to outcrop for al least 2,500 feet. All mining work is now being

carried on from No. 1 shaft, which is vertical, and has a depth of 100 feet, with

drifts run for a distance of 25 feet along the vein from the shaft. Nos. 2 and 3 shafts

were also worked during the year and some stoping done. The galena is here found

in veins associated with calcite in a dark colored schistose rock which may be called

a diorite gneiss. The veins cross the strike of the country rock.

The force consisted of fifteen men under superintendent H. F. E. Gamm. Mr.

Gamm has recently been succeeded by Mr. Cushman as manager, with Mr. Ellis a-;

superintendent. *

Frontenac Mine

Further work was done on the Frontenac lead mine in 1904. This property i.o

part of lots 15 and 16 in the ninth concession of Loughboro township, and is described

in the Geological Survey report, 1866-69. One opening 40 feet deep has been made
and about 500 tons of the mixed ore (galena and ziucblende) raised. The vein is

about 11 feet in width, and maintains its width as far as developed.

A mill test of this ore was made at the Kingston School of Mining, showing

a saving of 70 to 80 per cent, of the lead in the ore with coarse crushing. As shown
by the report on this test, the ore carries from 5 to 10 per cent, of lead and 2 to ^

per cent, of zinc. The concentration is best done by crushing in rolls, then passing

ever the jigs to get rid of the tailings. The jig concentrates run over 60 per cent,

lead and are high enough in lead for shipment. What goes thiough the jig scree.is

(12-mesh or under) can be passed over the Wilfley table with a fair separation of the

galena, and these two operations will save from 70 to 80 per cent, of the lead in thi?

ere. A greater saving might be made, but it is doubtful whether it would not co.5t

more than it is worth in labor and equipment. The ore contains but very little

silver, not more than one or two ounces per ton.

ZINC MINES

The Richardson zinc mine, on which development work has been being done for

the last three or four years, has now reached a depth of 109 feet. A new vertical shaft

is being sunk at a point 250 feet west of the old shaft. This is now down 65 feet
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^•^itli 2 to 3 feet of ore in the bottom. A shaft house has been erected and boiler

rnd straight-line air-compressor installed. A concentrating mill is also being built,

•

Richardson zinc mine, showing concentrating mill.

the machinery consisting of a Sturtevant crusher, rolls, jigs and tables,

pected that all machinery will be in position by July, 1905.

It

COPPER MINES

The discovery of copper pyrites in the Coe iron mine near Eldorado station ui

Hastings county was referred to in the last Report of the Bureau. As soon aa

ciscovercd the mine was leased under option to the Medina Gold Mining Company.
Col. Saunders, president, who were under contract to sink 50 feet on the vein.

Work has steadily progressed and the shaft is now down about 50 feet. A crosscut

was run at a depth of about 30 feet, showing a good width of vein.

The copper pyrites when first discovered occurred in a vein a few inches in width

in the hematite. This vein widened as sinking progressed, developing a lead of con-

siderable width. Copper stain had previously been noticed when the mine was worke.l

for the iron, and a small piece of native copper was found near the surface of th?

deposit. The ore is high grade, due no doubt to a secondary enrichment from th^»

leaching out of the copper from the overlying gossan.

The Parry Sound Copper Mining Company did a little work at the 'Wilcox mina

during 1904. The work consisted of deepening shaft No. 1 from 135 feet to 145 feet,

f>rd then crosscutting 100 feet. The ore averages about 4 per cent, copper.
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FELDSPAR MINES

The production of feldspar in Ontario has up to tlie present been confined ex-

culsively to Frontenac county. Owing to the somewhat limited demand for the

irineral, and consequently the difficulty in finding a market, no very large production

is likely to be reached. During 1904 work was done on several properties along the

Kingston and Pembroke Railway in Bedford, Oso and Portland townships.

No. 2 pit, or northeast part of the Kichards^on feldspar mine.

The largest producer is the mine owned and operated by the Kingston Feldspar

Mining Company in Bedford township, known as the Richardson mine. This miae
has been a steady producer since 1900, the spar maintaining its high grade qualities

which earned for it its market. An analysis shows it to contain the following

:

Per Cent.
Silica 56123
Alumina 18.77

Potash 12.09

Soda 3.11

The feldspar is mined from a large open cut and is hoisted to the top of the

hill, a distance of 50 feet, in 2-ton buckets. These loaded buckets are conveyed on

wagons to pontoons on Thirteen Island lake, on which the ore is loaded. It is then

6 M.
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taken by tug across the lake to a portage, placed on cars and drawn across to

Thirty Island lake. From there it is taken by tug and pontoon to a spur of tho

Kingston and Pembroke Railway at Glendower, where by means of a steam hoist the

ore is loaded directly on to the cars, or into a pocket. The company have been at a

large expense to complete this system of transportation. Now the spar is not han-

dled by manual labor from the time it is mined until it is delivered on the boats

at Kingston.

TWe quarry is divided into two openings, No. 1 or southwest pit, and No. 2 or

pcrtheast pit.

No. 1 is at a depth of 50 feet and has an area of -ioO feet long by 50 feet wide.

No. 2 is the same depth and is 300 feet long by 30 feet wide.

A ditch was" dug in the spring of 1905, 600 feet long and 15 feet deep to drain tb«

pit. Stoping is being carried on from the north end of No. 2 pit. which h.TS a widt'i

Loading skips on pontoons at Thirteen Island lake, Eichardson feldspar mine.

of 35 feet by the same depth, and on the south side of No. 1 pit, where a st-ope 1
'>

feet in height is being begun. By means of two derricks hoisting is being done frcn

bo,th pits by two duplex cylinder hoists. An output of 100 tons per day is now main-

tained.

A force of thirty men is employed under superintendent M. J. Flynn.

The two pits or open cuts, whue coming together on the eastern side, are separ-

ated on the western side by a large mass of quartz which intrudes into the feldspar.

A very perfect separation of the quartz and feldspar is here seeA, the quartz having

crystallized out in large masses and overlying the feldspar on the western side of

No. 2 pit.

Another mine a short distance from the Richardson on the south half of lot 3

in the third concession of Bedford, owned, by Charles Jenkins of Petrolia, was worked

CaM.
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for about six montlis during the year. A small force of men was employed under

foreman Jos Harris. Three pits were being worked at the time of inspection with a

production of 25 to 30 tons per day.

Mr. A. M. Chisholm worked a property on lot 5 in the fourth concession of

Bedford for a short time during the year. About 300 tons of feldspar were mined

during this period.

On lot 10 in the fifth concession of the township of Oso, near Sharbot lake.

Messrs. Mills & Cunningham of Kingston did some development work. Considerable

stripping was done, and a very good body of ore exposed.

MICA MINES

The mica production in Ontario in 1904 was a great deal loss than during tho

preceding year. This decrease was due to the depression in the electrical business

m the United States and consequently a lessened demand for tho phlogopite (amber

mica). The mica mines of Ontario are becoming every year more under the control of

the large electrical companies, who mine simply for their own use and not for the

market. On this account, there is a smaller demand for mica on the market, and the

production varies with the consumption.

As a result of this policy tli/e General Electric Company, who are the largest

producers in Ontario, only operated one of their mines during the last year. Their

other mining work consisted wholly of prospecting for new deposits. The Hanlan

mine near Perth, which produced a large tonnage in 1903, remained idle during K04,

and the Lacey, probably tho largest producer in Canada, was not worked to its full

capacity.

Another thing which has without a doubt affected the mica industry is the
turning of old dumps, which were thrown' out at a time when the grades of mica
below five inches square were not marketable. This has furnished a large quantity

of very cheap mica of the small sizes. This is more particularly applicable to India

and the United States in the white mica trade than to Canada. These dumps have
now nearly all been worked over, and as a result the price of mica will almost

necessarily increase. Very little new development has taken place lately in thi

mica trade.

The utilization of the so-called "milky" mica has become a question of interest

to some of the companies. This "milky" mica is a steel gray color, while the typical

phlogopite is brown to amber. While the physical conditions of these two micas

are so different, their optical properties are similar, with the exception of microscopic

luclusions symmetrically arranged in the "milky" variety. This "milky" mica can

be used, but the cost of cleaning and splitting is greatly increased and the percentage

of marketable mica resulting therefrom very small. As pointed out by the writer

in a paper read before the Canadian Mining Institute, the change is due to a segre-

l^ation of titanium b.y secondary alteration.

A comparison of the analysis of the three varieties of mica is here given

:

Muscovite.

SiO., 45.2
Al.,0., 33.5
Feici, 2.7
FeO 1.2
MgO 1

.

BaO
Na,0 1.

K.,6 9.5
TiO„
F " 0.5
H„0 4.5

ilogopite.
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Muscovite (white mica) has not been produced commercially in Ontario, although
it is known to occur in several localities. Deposits have been found in the
township of Methuen, Peterborough county, occurring in syenite dykes associated

with corundum. This mica 's, however, as a rule too hard for electrical purposes,
and the deposits have not as yet been developed to any extent. A deposit of musco-
vite has been found near Mazinaw lake, EflBngham township, county of Lennox.
This deposit is in a pegmatite dike which has been traced for a couple of miles from

surface outcroppings. Some of the mica is a very clear muscovite, but parts
of the dike contain mica quite badly stained and spotted with iron.

General Electric Company
This company during tlie year 190-1 operated the Lacey mine in Loughboro'

township, and during the summer months carried on considerable prospecting work
in other parts of the township, and also near Perth in the township of Burgess.

The Lacey mine has for the last few years ranked as the largest producer 4
mica in Ontario, and has probably produced the largest quantity of mica of anv

mine in Canada. The mine was opened about the year 1899 by J. W. Trousdale of

Sydenham, who worked it under lease until the first of the year 1901, when >t

Jeverted to the owners. The General Electric Company of Schenectady, N. Y., who
have since operated it with Mr. G. W. McXaughton, manager.

Lacey mica mine, Frontenac county, owned by General Electric Company.

The main shaft has now a depth of 18.5 feet (an increase of 50 feet since last
inspection), having a dimension at the bottom of 15 feet by 18 feet.

The first level is at a depth of 60 feet. From this level in the southeast drift
at 100 feet from the shaft a winze has been sunk to the third level, and a little

stoping done.
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The second level at a depth of 85 feet has a drift running north.'west 45 feet.

A crosscut is being driven in the hanging wall from the second level platform to cut

a parallel vein of mica located by the diamond drill. A distance of 31 feet had beun
driven at the time of inspection. Since the inspection of the mine a large deposit

of mica has been located by this crosscut northeast of the old ore body.

The third level at a depth of 95 feet has a drift south-east 130 feet, being an

increase of 88 feet. The floor of the easterly drift from the main drift has been
broken through to the level below.

The fourth level at a depth of 117 feet has two drifts running southeast of tha

shaft, the easterly one being 135 feet and the westerly 130 feet in length.

The fifth level (new) is at a depth of 140 feet with northwest drift 60 feet In

length. Two drifts have also been run on this level southeast of the shaft. Thf»

easterly drift has a length of 135 feet and westerly 130 feet. The floor between the

fourth and fifth levels in the easterly drift has been stoped out.

The sixth level at a depth of 165 feet has a southeast drift 60 feet and a northwest
drift 40 feet in length'.

Northwest of the shaft the mica has all been stoped out from the second to the

ffth level. Timbers have been placed under tlie roof overhanging this stope, and
pillars left between the stope and shaft. Stulls have been placed in the floor of the

fourth level, which' has been broken through, to thoroughly protect tte lower workings.

The surface machinery consists of a class B Rand air-compressor, which furnfshes

! ,015 cubic feet of fresh air per minute at normal capacity ; two Jenckes boilers of

70-h. p. capacity each, with feed water heater and pumps. A hose house has

been built and small pump placed therein to pump water from the old Lacey pit for the

compressor and for fire protection. The company also own a diamond drill, and somo

2,000 feet of drilling has been done at the Lacey mine prospecting for new ore

bodies and determining the extent of the old ones.

The General Electric Company carried on prospecting during the past year on the

Canada Company's lot at Mud lake, Loughboro township, and on the Burns property,

lot 11 and east half of 12 in the seventh concession, township of North Burgess. This lot

adjoins the lot on which the Hanlan mine is situated.

Freeman Mica Mine

Richardson Bros, of Kingston worked all year on the Freeman property on lot

7 in the ninth concession of Loughboro township. There are three parallel vei'ii.

The mica in the middle vein is milky and badly twisted. A very fair quality is fouu.i

in the parallel veins. A shaft 80 feet deep has been sunk and the vein stoped out

for 40 feet. The mica was all cleaned at the mine. It is the intention of the managa-

ment to begin work on the vein of black mica on the west side of the lake, as the

demand for this quality is increasing.

Baby Mine

The Baby mine, about 14 miles from Perth, on lot 11 in the fifth concession of

North Burgess township, was re-opened during the year. The mine was worked some

years ago as a large open pit 15 to 20 feet across and 165 feet deep. A mining camp
has been built and boiler and hoist installed.

The west half of lot 6 in the ninth concession of North Burgess was worked under

lease by Messrs. Montgomery and Adams of Perth. A shaft 40 feet deep was sunk

on the vein having a width of 6 feet. A short drift was run at the bottom of this

shaft northwest along the vein. The mica is cleaned at the Adams trimming works

at Perth.
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Kent Bros

The operations of this firm are largely confined at the present time to their

mine near Buckingham, Quebec. The Bob's lake mine in Bedford township was,

however, worked until October of 1904, when it was temporarily closed. The mica
produced from this mine was cleaned at the firm's mica works at the foot of Princess

St., Kingston. The mica from their mine in Quebec is also sent here to be cleaned.

There are seven men employed in thumb-trimming and twenty-two girls in thin-

eplitting the mica.

Messrs. Mills & Cunningham of Kingston worked an amber mica property on
the north part of lot 9 in the second concession of South Shcrbrooke township, county
of Lanark, for some months during the year. The mica was found in a vein of

calcite, which was considerably broken by faults and had been subjected to much
pressure.

Prospecting was also done on lots 4 and 7 in the third concession, and lot 2 in

the fourth concession of South Sherbrooke.

Mica Trimmimg Works at Ottawa

Thfe General Electric Company have large works on the corner of Isabella and
Elgin streets, Ottawa, which are fitted up with cutting knives, thin-splitting tablM,

nnd all appliances necessarj- for the production of mica in its marketable state. Thy

Cjica from all the company's mines is shipped here for preparation. After prepara-

tion the mica is sent to the company's works at Schenectady, N.Y. A force of

ninety, of whom fifty girls are engaged in thin-splitting, is employed under superii'-

tendent R. E. Nivison.

The Laurentide Mica Company have recently opened a large factory on the

corner of Queen and Bridge streets. This company ship all their mica to the

Westinghouse Company at Pittsburgh, Pa., for use in the manufacture of electrical

machinery. Some of the mica is obtained from this company's own mine at Chels©*,

Quebec, and the rest from independent prodxicers in both Ontario and Que-

bec. A force of 175 girls is engaged in thin-splitting the mica, twenty-four on

the knives, and ten thumb-trimming, under superintendent Chas. Girteau.

Eugene Munsell and Company have steadily employed an average of about twenty,

nearly all girls, engaged in thin-splitting, under superintendent S. 0. Pillion. Most

of this mica is bought from the small producers of Ontario and Quebec.

PHOSPHATE OF LIME

The phosphate industry, which has been dormant in eastern Ontario for some

years, received some attention from German chemists in 1904. A large number of

phosphate properties were purchased and a company formed known as the Dominion

Improvement and Development Company, with head office at Hamburg, and branch

oflttce in New York. Work was done last season on lot 13 in the sixth concession of

North Burgess. A shaft 20 feet square was sunk and a quantity of mixed phosphate

and rock taken out Camp buildings were put up and preparation made for the pro-

duction of a larger tonnage of ore.

GRAPHITE

The Black Diamond graphite mine was leased from the Ontario Graphite Company,

Limited, by Mr. Rinaldo McConnell of Ottawa, and has been operated by him since"

1st May, 1904. Under Mr. McConnell's management a dam was built to enable the

old workings to be unwatered, which owing to a cave-in. Wad bee filled by watH-
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Irom the lake. The mine was then pumped out, but the workings were found to be in such

a dangerous condition that they were abandoned, and a new shaft begun 100 feet

southwest of the old shaft and running parallel with the old workings. The shaft

i< sunk on an incline of thirty degrees, following the dip of the vein, and has <i

depth of 170 feet. Some ore has been stoped from the south side of the shaft.

The shaft is fitted with skip-track and ore is hoisted by skip driven by duplex
cylinder single drum hoist operated by compressed air. The skip-track and the way
for the men to enter the mine was in the same shaft and not separated by partitiou

a.s required by the Mines Act.

The new power plant on the Madawaska river, two miles from the mine, has

been completed, furnishing power to run compressor and mill.

The mill was closed at the time of inspection in March 190-3, as the management
was installing a new system of air separation. A force of thirty men was employed

rnder superintendent Allan McDonell.

A new stamp is being successfully used, wWch greatly increases the output.

This is conical in form, fitting in a mortar of the same shape.

The McConnell graphite mine in North Elmsley township, county of Lanark, about

seven miles north of Perth, which was closed in 1903, has recently been opened, and

work is expected to be carried on the coming summer in both; mine and mill.

ACTINOLITE AND ASBESTOS
The operations of Mr. Joseph James and the International Asbestos Company in

the grinding of actinolite and production of short fibre asbestos was brought to a

standstill last June by the blowing out of their mill dam by a lumber company, ks

a consequence, all operations in that lino have ceased, pending a suit regarding che

utilization cf the water power.

This indtistry, whicb is one of the oldest mining industries in continuous operation

in the Province, has recently received attention from operators both in England and

the United States. It is to be hoped that the difficulty now hampering the business

will soon be removed.

TALC

The Henderson talc mine on lot 14 in the fourteenth concession of the township

of Huntingdon, was operated for two months during 1904 by Mr. S. Wellington of

Madoc, who had the property under lease. A shaft had previously been sunk to n

depth of 5.3 feet and short drifts run in both directions along the deposit at a depth

cf 35 feet, as well as some crosscutting done, proving it to Wave a width of 20 feet.

During the time of operation in the past summer no new development work was done.

A quantity of talc was mined from the drifts b-y both underhand and overhand

stoping. The best grade product was shipped to Newark, N. J.

CALCIUM CARBIDE

With .the increased use of acetylene gas for lighting purposes in small towns and

villages, which are not supplied with electric ligh*t and gas plants, the manufacture

I
of calcium carbide has been placed on a firm basis, and a steady demand is assured.

The Ottawa Carbide Company, with works at Ottawa, have a total of twenty

furnaces. At the time of the writer's visit only five to eight furnaces were in oper-

ation, owing to the low water supply. The process for the formation of carbide

conaista of the fusion of lime and coke in an electric furnace according to the reaction,

CaO + 3 C = CaC2 4- CO. The fusion requires a current of 1,-500 amperes and a

voltage of 75. This must be kept constant, which is accomplished by raising or lower-
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(Dg the upper electrode. The lower electrode is a block of carbon let into an iron

base plate, while the upper electrode is a suspended carbon block.

After fusion the furnace is dumped and the unfuscd part returned to the

furnace. On being cooled, thte scale is taken off the fuSed mass by means of pneumatic

hammers or chisels. The carbide is then crushed to a uniform size and packed in

tins containing 100 pounds. The limestone used in the production of the lime (CaO)

is from Welland county. It is very pure, low in magnesia and belongs to the

Corniferous formation. It is quarried at Port Colborne and Skerkston, and is also

turnt there by natural gas as fuel. An analysis shows the following percentage:

Silica 2.00

Alumina and ferric oxide 1.10

Lime 51.00
Itlagnesia 1.10

Phosphorus .015

Sulphur 05

The company at Ottawa produce their own electric power.

Thte calcium carbide factory at Merritton, Welland county, was also in operatr )n

during the year.



PETROLEUM AND NATURAL GAS

BY E T CORKILL

The past and present year have seen renewed activity in the petroleum
fields of southwestern Ontario. This activity is due to the finding of two new oil

fields, namely, the Moore township field in Lambton county, and the Leamingtjn

field in Mersea township, county of Essex. The first well in the Moore township field

was brought in in July 1904, on lot 3 in the tenth concessicn, and in the Leamington

field on 1st June 1902, on the farm of Gustavus Straubel, lot 238, Talbot Road.

In March 190-5, under instructions from Mr. T. W. Gibson, Director of the

Bureau of Mines, the writer paid a visit to nearly all the oil and gas producing

fields of southwestern Ontario, for the purpcse of procuring as full and authentic

information as possible regarding the new oil and gas fields that were being opened

vp, as well as of ascertaining any new developnynts that were being made in the

older fields.

Two very complete reports dealing with the southwestern peninsula have, been

publisjjied by the Geological Survey of Canada. The first was The Geology of Canada
(1863) in which are summed up the results of the observations on the geology of the

region made by Logan, Hunt and other investigators. In the Report of the Geological

Survey of 1890-91, Mr. H. P. H. Brummell takes up the occurrence of petroleum and
natural gas in Ontario, giving logs of a great number of wells and also sections

illustrating the sequence of the Palaeozoic formations in Ontario.

Individual fields have been described in recent reports of the Bureau d{ Mines.

In the Thirteenth Report, Part II, the chief geological divisions and outcropping

rocks are shown. In Vols. Ill and VI of the Journal of the Canadian Mining Institute,

Mr. Eugene Coste has published papers on Natural Gas in Ontario.

PETROLEUM FIELDS

The production of petroleum in Ontario has so far been largely confined to the

county of Lambton. The first oil was found in this country about the year 1862, a few

years after the great oil strikes in the United States. There have been in the county of

I ambton alone about eleven thousand producing wells, some of which have been

yielding oil for over forty years. At the present time there are 8,100 wells in oper-

at'on at Petrolea, and 1,000 at Oil Springs. Probably the most remarkable thing

about this field is its permanency of flow and the small average yield per well. Ono
group of 100 wells the writfer visited, produced 150 barrels a month, all the wells

being operated from a central pumping station.

Petroleum has for some years been known to occur on Manitoulin Island, in fait

it is recorded that the first oil found in Canada was that 3iscovered on this island.

A company was formed in 1865 to bore for oil, but thfe venture apparently was not

successful. At the present time more drilling is being done there, with prospects of

better results.

Oil has also been found in other counties in southwestern Ontario.

[89]
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About seven years ago petroleum was struck in the township of Button, Elgin

county. The field here is small, comprising about 400 acres, but the wells are shallow

and have a steady production. The oil is obtained from the Corniferous at a depth

of 440 feet.

In Kent county small fields have been located in different parts. In Raleigh

township on lot 18, in the twelfth concession, a flowing well was struck in November
if 1902, known as the "Gurd gusher." Very few wells ITowever were productive in

this field. The "Gurd" well has ceased to flow, and pumping operations hkive beea

given up in the field. The Wheatley field in the township of Romney has a steady

producticn, though a small average yield per well.

The Bothwell field "'n Zone township, county of Kent, hhs between 200 and 300

producing wells. This field is considered a good paying proposition. It has a small

production per well, but the output last year, according to Mr. Kennedy, secretary

of the United Oil and Gas Company, did not depreciate two per cent., as compared
with the previous twelvemonth. The wells are quite shallow, averaging in depth

about 600 feet, and formations drilled through) are very similar to those in the

Petrolea field.

North of the Bothwell field in Euphemia township is another group of wells with

a small production. The wells, however, are very shallow, averaging 370 feet (thi)

thickness of drift being 53 feet).

Essex county, which for some j'ears was a large producer of natural gas, bids fair

now, like the Petrclea field, to become an important producer of petroleum.

Oil had not been found in commercial quantities in Ontario, until a very few

years ago, in any formation but the Corniferous, and oil men had almost become
convinced that drilling to greater depths was useless. In the spring of 1902 a com-

pany was formed in the town of Leamington to explore for gas and oil in that section.

A well was sunk on lot 238, Talbot road, and oil was struck at a depth of 1.074

feet on 1st June 1902. in a formation previously not recognized as a prolific oil stratum,
ramely the Guelph formation. This formation is a very porous dolomitic limestone,

and has been known for years as a producer of natural gas in this county. No very

large oil producers, however, were found until 1905. This year has witnessed the

bringing, in, in this field, of some large flowing wells, (the largest reported as yet.

being the Hickey Nc. 4, which started off with a flow of 1,200 barrels per day; this

it maintained for nearly three days, and then gradually diminished day by day until

it is now down to about 200 barrels a day, but still flowing. On 10th April a gushor

was truck on lot 9, concession 4, Mersea township, on the farm of Patrick Smith.

This is also stated to be a very large producer. The exceeding porosity of the

I reductive sand in this field points to a good prospect for a producing oil field, if the

oil is not too near the salt water. At present the oil sent to the refinery at Sarnia

contains considerable water. In one month in the early part of 1905, 3,000 barrels of

oil were shipped from this field to the refinery.

Another new field was found in 1902-03, the productive area being a still lower

horizon in the geological scale than the formation in which the oil is found in the

Leamington field. This field is situated in the county of Brant, near the city it

Brantford, htaving its productive area in the Medina. Several oil wells have been

brought in, with small production. Gas is also found along with the oil in most of

the wells. A well has just been drilled to the Trenton in this field, the log of which

is given in another part of this report.

NATURAL GAS FIELDS

The production of natural gas in Ontario is now limited almost entirely to tha

counties of Haldimand and Welland. Thte Essex field, which was so prolific a source

of gas some years ago, has almost entirely ceased to prodiice, hardly suSicient gas
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being obtained to supply the towns in proximity to the old fields. In October 1901

the exportation of gas to Detroit was stopped by the Ontario Government by Order-

in-Ccuncil revoking the license of occupation which authorized the exporting com-

pany to use the bed of the Detroit river for the purposes of its pipe line, in ths

htope that by so doing the life of the field would be prolonged. This, however, did

not have the desired effect, and the field is now practically abandoned. Seven gas

wells were drilled north of this field in 1904, three or four of which are producing from

3,000 to 90,000 feet per day. These wells are situated practically in the oil field.

A rock pressure of 398 lb. was recorded. The gas is used to supply the town of

Leamington, and also for drilling and pumping in the oil field.

The first well in the Welland field was struck in Avigust 1889, on lot 35 of the

third concession from lake Erie, in Bertie township, seven miles east of Port Col-

torne. This well was drilled by the Provincial Natural Gas and Fuel Company of

Ontario, Limited. The gas was struck in a white sandstone of the Medina formation

nl 836 feet. Previous to this, however, a few wells had been sunk at Port Colborae

and vicinity, the first well being put down in August of 1886. ^These wells were small

producers, 70,000 feet per day being the largest flow obtained.

From fourteen wells put down by thie Provincial Natural Gas and Fuel Company
a supply of 30.895,000 cubic feet of gas per day was obtained. This company has

supplied Buffalo since January 1891, and during the past year has constructed 8-inch

l)igli pressure pipe lines to Niagara and Chippewa, the former twelve miles in length,

and the latter one and one-half miles. Gas is also delivered at Bridgeburg, Fort Ene,

ftherkston, Stevensville, Crystal Beach and other points along thte lake shore, and to

any farmer applying for it along any of their lines.

The Winger field, in Wainfleet township, was opened in 1903, and has now eight

producing wells which have a rock pressure of 260 lb. Another field opened by the

same company during 1904 is in the centre of the townshlip of Crowland. In this

6eld the gas is found in the Clinton formation.

The Mutual Natural Gas Company, Limited, of Port Colborne, controls a field

near that town, with an area two miles east, sis miles north and three miles west.

The northern part of this is new territory opened up only two years ago, and is the

most productive. The gas is here found in thte Clinton. The company has 35 pro-

ducing wells and supplies the towns of Port Colborne, Humberstone and Welland.

•Tust west of the Mutual Company's properties the Welland County Lime W'orks

Company utilizes the gas in the burning of lime from wells it has just put down.

Northwest of Dunnville in the township of Canborough, Haldimand county, the

Dominion Natural Gas Company has put down 34 wells in what is known as thfl

Attercliffe field, and five wells outside of this field. The wells produce from 25,000

to 75,000 cubic feet per well. An 8-inch high pressure pipe line has been constructed

to Hamilton and Dundas from this field. A pressure of 60 lb. is attained at Dundas.
The Citizens' Natural Gas Company have nine producing wells in Attercliffe field and
supply gas to consumers in the town of Dunnville.

ORIGIN OF OIL AND GAS
In dealing with the origin of petroleum and natural gas the aim of thte writer

is sclely to treat the subject from the literature of the subject by giving extracts from
those writings in which the chief theories have been advanced or supported.

Theories of Inorganic Origin

Two of the first writers to advocate the theory of inorganic origin were M. Berthelot

and M. MendeljefE. A paper was published by M. Berthelot in 1866, wherein he says

:

"If in accordance with an hypothesis recently announced by M. Daubre, it i3
to be admitted that the terrestrial mass contains free alkali metals in its interior, this
hypothesis alone, together with experiments that I have lately published, furnishsa
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almost of necessity a method of explaining; the formation of carbides of hydrogen

.

According to my experiments, when carbonic acid, which everywhere infiltrates the

terrestrial crust, comes in contact with the alkali metals at a high temperature, acety-

lides are formed. These same acetylides also result from contact of the earthy

carbonates with the alkali metals even below a dull-red heat.

"Now the alkaline acetylides thus produced could be subjected to the action of

vapor of water ; free acetylene would result if the products were removed immediately

from the influence of heat and of hydrogen (produced at the same time by the reaction

of water upon the free metals) and the other bodies which are found present. But in

consequence of the different conditions the actylene would not exist, as has been proved

by my recent experiments. In its place we obtain either the products of its con-

densation, which approach the bitumens and tars, or the products of the reaction of

hydrogen upon those bodies already condensed, that is to say, more hydrogenated car

bides. For example, hydrogen reacting upon the acetylene engenders ethylene and
hydride of ethylene. A new reaction of the hydrogen either upon the polymeres of

acetylene or upon those of ethylene would engender formenic carbides, the same as

those which constitute American petroleum. An almost unlimited diversity in the

reaction is here possible, according to the temperature and the bodies present."

In 1877 M. Mendeljeff published a paper setting forth his theories on the Inorganic

Origin of Petroleum and Natural Gas. From a resume of his paper the following i-

as extract:—
"Admitting the existence of metallic carbides, it is easy to find an explanatiofl

not only for the origin qf petroleum, but also for the manner of its appearance in thj

places where the terrestrial strata, at the time of their elevation into mountain chains,

ought to be filled with crevices to their centre. These crevices have admitted water
to these metallic carbides. The action of water upon the metallic carbides at an
elevated temperature and under a high pressure, has generated metallic oxides and
saturated hydrocarbons, which being transported by aqueous vapor, have reached those

strata where they would easily condense and impregnate beds of sandstone, which have
the property of imbibing great quantities of mineral oil."

Also in MeadeljeS's "Principles of Chemistry," vol. I, page 364:

"As during the process of the dry distillation of wood, seaweed and similar vege-

table debris, and also when fats are decomposed by the action of heat (in closed

vessels) hydrocarbons similar to naphtha are formed, it was natural that this should

have been turned to account to explain the formation of the latter. But th.»

hypothesis of the formation of naphtha from vegetable inevitably assumes coal to bvi

the chief element of decomposition, and naphtha is met with in Pennsylvania and
Canada, in the Silurian and Devonian strata, which do not contain coal, and correspond
to an epoch not abounding in organic matter. If we ascribe the derivation of naphtha
to the decomposition of fat (adipose animal fat) we encounter three almost insuperabl?
difiSculties : (1) Animal remains would furnish a great deal 'of nitrogenous matter,
whilst there is but very little in naphtha : (2) the enormous amount of naphtha already

discovered as compared with the insignificant amount of fat in the animal carcase:

(3) the source of naphtha always running parallel to mountain chains is completely
inexplicable."

"Another fundamental reason is the consideration of the mean density of the
earth. Cavendish. Airy, Cornu. and many others who investigated the subject by
various methods, found that, taking water as 1, the mean density of the arth is nearly

5.5. As at tJie surface water and all rocks (sand, clay, limestone, granite, etc.) hav»
a density less than 3, it is evident (as solids are but slightly compressible even under
the greatest pressure) that inside the earth there are substances of a greater density.

namely, not less than 7 or 8 For this reason it is possible that tha
interior of the earth contains iron in a metallic state."

Many other eminent chemists and geologists have made investigations and have

written in support of the Inorganic theory. Mr. Eugene Coste, in the Journal of tha-

Canadian Mining Institute, Vols III and VI, has published two papers dealing more

farticularly with the occurrences in Ontario, and the evidence here furnishied in

support of this theory. Mr. Coste points out the following:—
"1st. In the Archean rocks we find carbon under the form of graphite in gneisses

(1) in pegmatite dikes, in granites, (2) gabbros, (3) and other rocks, the igneous origin

of which is undeniable.

"2nd. In the crystals of igneous gneisses and of most granites and other eruptive

rocks, gaseous and liquid inclusions are most abundantly found, and these are very
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often constituted by carbonic acid and hydrocarbons, and also often contain chloride
of sodium in solution or in minute crystals.

"3rd. Petroleum, or semi-liquid or solid bitumens have often been noticed and cited

by many observers as occurring in traps, basalts, or other igneous rocks, as for instance
by Sir \\illiam Logan" in a green stone dike at Tar Point, Gaspc, Province of Quebec:
liy Mr. Rateau in trachytes in Galicia, and by Prciessor Arthur Lakes- in injected
volcanic dikes in Archelutu county, Colorado.

"4th. Volcanic rocks forming vertical necks and pipes across horizontal strati,

and containing carbon in the pure form of diamonds, are also well known to constitute
in South Africa the deposits of these precious stones. These diamentiferous volcan-c
necks and pipes also contain large cavities filled with gaseous hydrocarbons as pointed
out by Mr. MouUe.

"oth. We now come to the hydrocarbon and carbonic acid in volcanic manifestn-
tions of to-day. Not later than a few months ago the civilized world was suddenly
startled and horrified at the report that an explosion of Mount Pelee had wiped away
in a few minutes the entire population of St. Pierre, Martinique Island. From the
account of the catastrophe then published, it is quite certain that a fearful blast or
tornado of gases suddenly shot from the side of the volcano, asphyxiating and burning
in a moment 30,000 people. Nothing else, we submit, but gas could carry death so
suddenly to so many thousand people, inside and outside their houses over a wholg
city."

To quote further from Mr.Coste : 3

"It is indeed quite clear that one believing in the organic theory of the origin

of natural gas and petroleum would naturally consider that there might be natural gas
or petroleum deposits under any part of the peninsula of southwestern Ontario between
the Georgian bay, lake Huron and lake St. Clair to the northwest and lake Erie an 1

lake Ontario to the sovitheast, as the whole of that large section of the country is

underlaid with Devonian and Silurian strata more or less fossiliferous ; and it would
be and has been impossible to any one following that organic origin theory to localize

any particular district of that peninsula where those hydrocarbon products should bo
found by drilling. In fact, according to that theory, if found in one place, these
products should be found in almost any other part of the peninsula. On the other
hand, for one accepting, as I did. the volcanic origin of thgse pioducts as gaseous
emanations from the interior of the earth along certain fissured and fractured zone.'

of the crust of the earth, it was possible to select in southwestern Ontario several likolv
new gas fields by mapping out the probable continuation in Canada of these fissured
and fractured zones from other gas and oil fields already located and developed on th=
saiiif zones in the United States."

Theories of Organic Origin

The organic theory of the origin of natural gas and petroleum is supported by

those who believe that these substances are derived from vegetable and animal matter

contained in the rocks in which they are found or in associated strata. Compounds*

similar to, or identical with, petroleum and natural gas, are derived by the process of

destructive distillation from both vegetable and animal substances. The manufactur?

of artificial gas from bituminous coal is also a familiar illustration of the possibilities

in this direction. Bituminous shale may be substituted for coal in the manufacture,

and may be made to yield a series of these bituminous products, including both

petroleum and gas.

Beyond the fact that petroleum and natural gas are derived from animal and
vegetable remains, there is little agreement among the most responsible authorities

as to their particular mode of origin. Two views, however, have become esj.ecially

prominent. These are that hydrocarbons were formeH by (1) the prinary distillation

of vegetable or animal remains, and (2) a second distillation cr decomposition of organic

remains at some period subsequent to their deposition.

Dr. E. Orton thus defines these different opinions: 4

"The first view is that petroleum is in large part derived from the primary decom-
position of organic matter that was stored in or associated with, the strata that now

I Geology of Canada, 1863, pp. 402 and 789. a Min. Eesouroes of the U. 8., 1901, p. 561
3 Journal Can. Min. Inst., Vol. III. p. 79. 4 Geol. Survey of Ohio, Vol. VI.
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contain it. According to this view the decomposition was mainly effected in situ, and
the product resulting is, therefore, mainly indigenous to the rock in which it is found.
The last feature is seized upon in most popular statements, and a theory of indigenous
origin is made to include most beliefs of this class. It must be borne in mind, how-
ever, that no author is to be found who holds strictly and consistently to such
indigenous origin, but the name can still be used as a general designation without
harm.

"The second view is, that petroleum is derived from the secondary decomposition
of organic matter stored in the rocks. It supposes the original vegetable and animal
matter to have suffered a partial transformation and to be now held in the rocks ;i.i

a hydrogen compound, from which, by a process of distillation, oil and gas are derived.
The so-called bituminous shales are counted the chief sources of these products. After
distillation it is held that the gas and oil are mainly carried upward by hydrostatic
pressure to some overlying porous stratum that serves as a reservoir. This class can
be conveniently grouped under the name of the ^stillation theory."

The Primary Decomposition Theory

TliSe greatest exponent of the theory that petroleum is derived from the primary
decomposition of organic tissues is Dr. T. Sterry Hunt. He urges that petroleum

mainly originates in and is obtained from limestones. When found in limestones he

counts the oil indigenous, but when foiind elsewhere as in sandstones and conglomerate,
liF counts it adventitious and he then refers it to underlying limestones. In speaking

ct the oil fields of Canada he says : 5

''The facts observed in this locality appear to show that the petroleum of the
substance which has given rise to it was deposited in the bed in which it is now found
at the lormation of the rock. We may suppose in these oil bearing beds an accumula-
tion of organic mattei's, whose decomposition in the midst of a marine calcareous
deposit, has resulted in their complete transformation into petroleum, which has foun:!
a lodgment in the cavities of the shells and corals immediately near. Its absence
from the unfilled cells of corals in the adjacent and interstratified beds forbids
the idea of the introduction of the oil into these strata either by distillatio >

or by infiltration. The same observations apply to the Trenton limestone,
and if it shall be hereafter shown that the source of petroleum (as distinguished from
asphalt) in other regions is to be found in marine fossiliferous limestone, a step will
have been made toward a knowledge of the chemical conditions necessary to its forma-
Tion."

He also says :

'

"In opposition to the generally received view which supposes the oil to originate

from a slow destructive distillation of the black pyroschists, belonging to the middle
and upper Devonian, I have maintained that it exists, ready found, in the limestones
below."

Again : 7

"It has already been shown that the petroleum of Canada occurs in two distinct

horizons; the one in the limestones of the Trenton group, and the other in those of

the Corniferous formation. To this it must now be added, that the petroleum of Gaspe
probably belongs to an intermediate position, and it to be referred to limestones of

Upper Silurian age."

Also in writing of a dolomite in the Niagara formation met with) near Chicago,

Illinois, he says

:

"A layer of this oleiferous dolomite, rone mile square and one foot thick will

contain 1,184,832 cubic feet of petroleum, equal to 8,850,069 gallons of 231 cubic inchei
and to 221,247 barrels of forty gallons each. Taking the minimum thickness of 35
feet assigned by Mr. Worthen to the oil-bearing rock at Chicago, we have in each.
square mile of it 7,743,745 barrels of petroleum With such sources
ready formed in the earth's crust, it seems to me, to say the least, unphilosophical to
search elsewhere for the origin of petroleum, and to suppose it to be derived by
some unexplained process from rocks which are destitute of this substance."

Another important paper on petroleum formation is Wall's report on the Trinidad

asphalt. He says :S

5 American Jonrnal of Soienoe, Vol. XXXV., p. 168. 6 American Journal of Science, Vol.

XLVI.. p. 361. 7 Geology of Canada 1863, page 786. 8 Quart. Journal Geol. Soc. XVI., p. 467.
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"When in situ the asphalt is confined lo particular strata which were originally

shales containing a certain proportion of vegefabTe debris. The organic matter has

undergone a special mineralization producing bituminous in place of ordinary anthrac-

iferous substances. This operation is not attributable to heat nor to the nature of

distillation, but is due to chemical reaction at the ordinary temperature and under the

normal conditions of the climate."

Origin by Secondary Decomposition.

This theory is upheld by Messrs. J. S. Newberry and S. F. Peckhara, both of

whom advance somewhat different opinions, though acknowledging that petroleum

and gas are the product of the secondary rather tHan of the primary decomposit'on

of organic substances. The former contends that the distillation is continuous and
i>t a low temperature, while the latter holds to the view that the distillation was
effected by the heat that accompanied thfe elevation of the Appalachian Mountain
System.

In his paper on the "Rock Oils of Ohio," Newberry says:9

"The precise process by which petroleum is evolved from the carbonaceous niattar
contained in the rocks which furnish it is not yot fullv known, because we cannot in
ordinary circumstances inspect it. We may fairly infer, however, that it is a dis-

tillation, though generally performej at a low temperature."

Aga'n he says :
">

"The origin of the two hydrocarbons is the same, and they are evolved simul
taneously by the spontaneous distillation of carbonaceous rocks. Where the oil and
gas producing rocks and those overlying them are solid and compact, decomposition
of the organic matter they contain takes j)lace very slowly and the escape of the
reacting hydrocarbons is almost impossible. Where they are more or less shaken up,
decomposition takes place more rapidly ; reservoirs are opened to receive the oil and
gas, and fissures are produced which servo for their escape to the surface."

Also in the same volume, page 158, he says :

"We have in the Huron shale a vast repository of,solid hydro-carbonaceous matte-
which may be made to yield ten to twenty gallons of oil to tTie ton by artificial dis-

tillation. Like all other organic matter this is constantly undergoing spontaneous
distillation, except where hermetically sealed deep under rock and water. This results in

the formation of oil and gas. closely resembling those we make artificially from th-i!

same substance, the manufactured differing from the natural products only becausp
we cannot imitate accurately the process of nature."

From the preceding extracts Newberry's theory may be summarized as follows

:

Oil and gas are the result of a continuous and spontaneous distillation of the

bituminous matter of certain shales, from which the greater part of the two hydro-

carbons is obtained.

A few brief extracts will be sufficient to state the theory advanced bj' Peckham.
He says: '"

"Bitumens are not the product of the high temperatures and violent action of
volcanoes, but of the slow and gentle changes at low temperature, due to metamorphii'
action upon strata buried at immense depths. . . The alteration, due to the combined
action of heat, steam and pressure that involved the formations of the Appalachian
system from Point Gaspe. in Canada, to Lookout Mountains in Tennessee, involvinJ
the Carboniferous and earlier strata, distorting and folding them, and converting the
coal into anthracite, and the clays into crystalline schists, along their eastern border,
could not have ceased to act westward along an arbitrary line, but must have gradually
died out farther and farther from the surface. The great beds of shale and limeston')
containing fucoids, animal remains and even indigenous petroleum must have been
invaded by this heat action to a greater or less degree."

Dr. Orton says :
"

"The double origin of petroleum from both limestones and shales—and it is not
necessary to exclude sandstones from the list of possible sources—deserves to be uni-
versally accepted. In confirmation of this double origin, it is coming to be recognized

9 Ohio Agrionltural Report, 1859. lo Geol. Snrv. of Ohio, Vol. I., 1873, p. 192.

II Censos of the United States, Vol. X. 12 Geol. Survey of Ohio. Vol. VI.. p. 71.
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that the oil and gas derived from these two sources generally differ from each other
in noticeable respects. The oil and gas derived from limestones contain larger pro-

portions of sulphur and nitrogen than are found in the oil and gas of the shales."

Rock Pressure of Gas

In connection with the origin of petroleum and natural gas, pressure is a very

important factor to be considered. Four theories have been advanced, which e.KpIain

the pressure by

:

(1) The pressure due to the expansive nature of the resulting gas from the

decomposition or distillation of organic remains.

(2) Tlie pressure due to the weight of the overlying rocks.

(3) Hydrostatic water pressure.

(4) Pressure due to gaseous emanations from below.

The last two are probably the most important, and the two which are chiefly

upheld by geologists at the present time.

The second theory is upheld by those who claim that the weight of the overlying

rocks exerts a pressure which is available for driving the accumulation of gas out

of the rocks that contain them. This would only be possible were the rock in a

crushted state, as otherwise no pressure would be exerted on the gas contained in the

spaces between the grains.

The third theory claims that the cause of the flow of both petroleum and natural

gas is due to the pressure of a column of water depending for its height on the

depth of the strata in whicli these substances occur. Prof. Orton upheld this theory

and explained it to be similar in principle to the flow of water from artesian wells.

Ihe amount of pressure would therefore depend on the height to which the water

column is raised, in case continuous porosity of the stratum can be assured.

The fourth thfeory is upheld by those who believe in the inorganic origin of natural

gas and petroleum. Mr. Coste writes: '3

"In every field where gas, is found in several strata, the highest pressure

IS always recorded in the lowest or deepest strata. For instance, in the Welland county

field tlie rock pressure of the gas was "300 lb. in the Guelph dolomite; 400 lb. in tha

Clinton; 525 lb. in the Medina white sand, and 1,000 lb. in the Trenton limestone;

these enormous pressures decreasing as the gas travels up from below by friction

through the small fissures and the small pores of the 'sands,' we submit, cannot be

explained any other way than by a volcanic source from below."

THE GEOLOGICAL SCALE OF ONTARIO
In the geological formations of Ontario the possible productive areas of petroleuoj

ai;(l natural gas comprise the Palaeozoic rocks which consist of strata of Devonian,

Silurian, Cambro-Silurian and Cambrian age. Overlying these is drift of glacial

and recent deposits. The thickness here assigned to each is the comparative thickness

oi the strata of the Welland field to that of the Lambton field, taken from an average

of the deep wells put down in those fields.

RECENT .\ND GLACIAL / Marls, day ] =n_ 19=i fopt
DRIFT. JBoulderclay ....)

*°- "^ '<"=*
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13 Journal Can. Min. Inst., Vol. III., p. 83.
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Trenton Formation

This formation is the lowest in the geological scale in which either gas or oil has

been found in any quantity in Ontario. The outcrops of the Trenton and other

iormations in Palaeozoic groups in Ontario have been described in the Thirteenth Report

o^ the Bureau of Mines, Part II. .Sections of these formations are given in the 1863

Report of the Geology of Canada.

A section of the Trenton in the vicinity of Montreal is as follows : m
Feet.

"Black bituminoua nodular limestones in beds varying from two to four inches separate
ed by layers of black bituminous shale of from one to two inches thick. The
beds are highly fossiliferous 10

Gray bituminous granular limestone in beds of from three to eighteen inches at the bot-
tom, passing into black nodular bituminous limestone at the top, interstratifled
with black bituminous shale in irregular layers of fr,om one to three inches 10

Gray granular bituminous limestone of the same character as before in massive beds of
from ten inches to two feet thick 10

Black and dark gray bituminous nodular limestone in beds varying frota two to eight
Inches in thickness 150

Black bituminous compact limestone containing about ten per cent, of argilla^jeous matter 350

5W
In the southwestern part of Ontario drilling has reached the Trenton in Lambton,

Essex, Brant, Welland and Elgin counties. A little gas and oil was struck in this

formation in Essex county, and a high pressure of gas obtained in one well drilled

in Welland county. Near where the Trenton outcrops on Manitoulin island, small

quantities of oil have been found at depths of from 150 to 250 feet.

Utica Formation

This formation consists of dark brownish-black shales, very brittle, interstratifled

v'ith occasional beds of compact brownish limestone. The shales yield bitumen by

di.stillation. They overlie the Trenton and have a thickness varying from 176 to 350

feet. The upper boundary of the Utica is not always distinct, as the Hudson River

shale that overlies it sometimes graduates into it in color and appearance.

A section of this formation in ascending order gives: '5

Feet.
"Blaok brittle bltumlnons sbale 19
Black brittle bituminous shale with two bands of yellow-weathering limestone, black

within, probably magnesian, and fit for hydraulic purposes 8
Black brittle bituminous shale 23
Blaok brittle bituminous shale, breaking into small fragments in consequence of an imper-

fect cleavage independent of the bedding 11
Black brittle bituminous shale with Graptolithus priatis 245
Gray hard sandstone, interstratifled with bands of black shale 5
Black brittle bituminous shale, interstratifled with beds of sandstone 7

818

Hudson River Formation

This consists of greenish and bluish arenaceous shales interstratifled with dark
gray arenaceous shales and light gray sapdstone. With them are associated some
few beds of arenaceous conglomerate with calcareous pebbles. These beds vary from

730 feet in thickness in Welland county to 350 feet in Essex county.

Medina Formation

The gray sandstone of the Hudson River passes into the red sandstone and shales

oi the Medina. A section of the Medina in Welland county gives in ascending order:

Teet.
Red shales 830
White sandstone 18
Bine shales 12
White sandstone 10
Bed sandstone and shales 73

14 Geology of Canada, 1863, p. 137. is Geology of Canada, 1863, p. 198.

7 M.
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Gas has been found in three horizons in the Medina, namely: 1. In thte upper
part of tte red Medina sandstone. 2. In the upper white Medina sandstone. 3. In
the lower white Medina sandstone.

Clinton Formation

On the Niagara river the Clinton is limited to a few feet, but gradually augments
m thickne.ss to tlie northward. It consists chiefly of thin-bedded white and gray
limestones. Gas in found in one horizon in the Clinton in Wetland county, namely,
about ten feet below its surface. Gas and oil have been found in this formation in

small quantities in Ohio.

Niag:ara Formation

The Clinton formation is generally described as being overlaid by the blue shalas

of the Niagara Tliese shales, however, thin out and disappear to the northward, and
the shales are therefore included in the Niagara.

A section of the Niagara seen in the cutting of the Welland canal near Thorold
is as follows in ascending order

:

i

Feet.
Blnish blaok magnesian limestone 10
Gray, coarse-grained sab-crystalline limestone i,^. 10

Blnish blaok bituminous shale with thin bauds of impure limestone 55
Bluish gray argillace*:)U8 limestone 8
Dark bhiisli bituminous limestone 8
Light and dark gray magnesian limestone in beds varying from six to ten feet in thickness 26
Bluish bituminous limestone holding many fossils, principally corals 7

124

Guelph Formation

These strata consist of a magnesian limestone, massive or thin-bedded. It is

very porous with small drusy cavities, and is rich in fossils, the Megalcmus Canadensis

being the characteristic one. The dolomites at the top are bluish in color succeeded

by white, yellowish white and grayish white. Gas has for some years been derived fror.i

the upper beds of the Guelph dolomite in Essex county, but oil was not known t i

occur in any quantity in this formation until 1904. when it was struck near Lea-

mington.

Onondaga and Lower Helderberg
/

At the base this formation consists of red shales occasionally marked by green

bands and spots. This first division is overlaid by greenish shales and marls. These

strata abound in small veins and nodules of gypsum and readily disintegrate when

exposed to the air. The third division, which is the true gypsum-bearing portion,

consists of gray or drab colored magnesian limestones with grayish and greenish

shales including two ranges of interstratified masses of gypsum. TEe upper division

IS a limestone with columnar markings on the surface of the beds. In Canada the

Onondaga formation belongs chiefly to the upper portion. This consists of dolomites

and soft crumbling shales which are greenish and sometimes dark brown or bluish in

color and are often dolomitic. The dolomites are mostly of a yellowish brown or drab

color, and are in beds seldom exceeding a foot in thickness. Some beds of bluiOi

liolomites are also met with.

The lower beds of this formation in Lambton county are made up of what we

may call the Salina. In some sections thi? reaches a thickness of about 800 feet,

composed largely of salt interbedded with dolomite, the salt having a total tMckness

of some 700 feet.

Orisltany Formation

The Oriskany sandstone is a band of white or j-ellowish rather coarse and sharp-

grained, slightly calcareous sandstone, varying in thickness from an inch to thirty

feet.

7a M.
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Corniferous Formation

This formation is composed largely of bituminous limestones holding a largo

pmount of chert or hornstone. The lower portion consists of beds of a light gray

l.mestone. The upper portion is a limestone of compact texture and varies in color

from drab and light gray through different shades of blue to black. The Corniferous

vas until very recntly the only oil-bearing formation in southwestern Ontario. Oil

has been fcrund in one horizon in this formation in what is termed the "lower lime."

This is at a depth' of about 65 feet in the formation. The formation has a total thick-

rjess of about 200 feet.

Hamilton Formation

This formation in New York state is divided into, in ascending order

:

(1) Marcellus shales, (2) Hamilton group, (3) Tully limestone, (4) Genesee slatss.

(1) The Marcellus shale is a black or tirown bituminous shale or pyroschist, oftan

pyritiferous, and closely resembling the Utica formation. The lower portion contains

thin laj'ers of dark colored impure fossiliferous limestone. In the upper part the

shales are destitute of organic remains and lighter in color, becoming olive-gray and

passing into the succeeding formation.

(2) The Hamilton group consists of a series of olive-colored or bluish calcareo-

arenaceous and argillaceous shales weathering €b ash gray or brown.

This, according to Mr. Hall, consists in ascending order of:

Feet.
Olive ahales 80
Coarse grained shales with a hard calcareous stratum at the top 40
Bluish .".nd erayish blue very fossiliferous 8hal''s with large numbers of atrypa, spirifera

and itrophomena 90

21U

(.3) The TuUy Umestone is a blackish blue concretionary fossilferous stratum, which
iias a thickness of about twenty feet in the eastern part of New York, but thins out

westward and disappears before reaching lake Erie.

(4) The Genesee slates consist of black bituminous shales, very similar to thfe

MarcdlluS division.

"At King.ston's Mills in AVarwick we have .396 feet of soft gray shales and soap-
.stones of the Hamilton formation, while in the valley of the Thames these strata da
not measure over 250 to 290 feet, showing a rapid thickening to the northward. This
augmentation of volume of essentially calcareous deposits in this direction might Kow-
ever be expected from the similar thickening of {he Onondaga formation."

Portage-Chemung Formation

This formation is made up of dark bituminous shales holding in places large

lalcareous concretions and also much iron pyrites, the shales being often coated with

a yellow rust of oxalate of iron. Exposures are seen at Kettle point in Bosauquet
township. There is no record of these hard black shales having been met with in any

boring in Enniskillen except in those unproductive ones to the north of Petrolea. A
great similarity exists between the shales in the upper series of the Hamilton and the

lower shales of the Portage-Chemung.

BORINGS FOR OIL AND QAS.

In the following pages is given a partial record of boring operations carried on

in those counties of the Province which have proved productive of petroleum and
natural gas.

VVelland County

Welland county is the most easterly county in Ontario in which natural gas his
been found in commercial quantities. This county may be said to have the largest

flow of gas, and the most lasting, of any county in the Province.
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Gas is here found in three different formations, namely

:

(1) Clinton. (2) Medina. (3) Trenton.

The gas in the Clinton is found in the first twelve feet of the formation.

In the Medina the gas is found (1) in the upper part of tWe red Medina sand-

stone, (2) in the upper white Medina sandstone, (3) and (4) in two horizons in th?

h.wer white Medina sandstone, about twenty and thirty feet below the preceding;

horizon in the upper white Medina.

In the Trenton the gas is found 600 feet below the top of the formation, at a

depth of 2,330 feet below tide.

The old Welland field, in Humberstone and Bertie townships, has been described

by Mr. Brumell,"' and also by Mr. Coste,'7 so that it is not necessary to do mon-
tTian give the logs of some of the wells by way of comparison with those of the new

fields.

The following logs of wells drilled by the Provincial Natural Gas and Fuei

Company give a good idea of the various strata which underlie this field and the'r

respective thickness.

Well No. 61, Lot 2, in 4th Con. Willoughby Township ; Elevation 610 feet.

Formation.
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From the information derived from the logs of a great number of wells drilled

JH this county Mr. Coste points out the following features:'*

"1. The strata dip to the south and southeast uniformly at the rate of about 35
feet to the mile except for a small synclinal (about one mile wide and 30 feet deep)
the axis of which is about one mile north of No. 22 well at Point Abino.

"2. Salt water was struck in every well in large quantities towards the middle of

the Guelph and Niagara formation. A littlj salt water is also found in the Clinton,
in the White Medina gas rock and in the Calciferous, at No. 14, but in none of these
formations below the Uuelph and Niagara is there anything like a continuous body of
salt water, which on the contrary lies there in disconnected small bodies of water.

"3. Besides being found in the strata indicated in the above logs gas was alio

found in some other wells in large quantity, 5 feet in the Clinton limestone, 10 feet
in the red Medina sandstone and in the upper white sandstone of the Medina. Som5
amber-green color oil of a cravity of 425 degrees Beaunie was also found in the last
few feet of the lower white Medina sandstone at wells Nos. 20, 28 and 62. The gas in
that sandstone is generally found 3 feet in from the top of it, but often also anothar
vein is found 9 to 10 feet in."

The Crowland gas field occupies an area of two miles by one and one-half miles,

about tlie middle of the township of Crowland.
The well on lot 12 concession six, township of Crowland is quite typical for the

field.

Formation. Strata.
1
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On a well sunk on lot 6, first concession, township of Wainfleet, the records show

the following formations

:

Feet
Gray dolomites, shales and gj-psiim 390 Onondaga
Gray dolomite 240 Gnelph and Niagara
Blue shale 5S Niaprara sliales

Dolomite 30 Clinton
Sandstone, red 45 "\

Shale, red and blue 40 J-Medina
Sandstone, white 20 J

Gas having a flow of 400,000 cubic feet was obtaiiiod at 685 feet at the summit of

the Clinton. No gas was found here in the Medina.

It has previously been proved that the strata in the old WcUand field dip uai-

fcrmly to the south and southeast at a rate of thirty-five feet to the mile. By a

comparison of the last two logs, it is seen that there is a similar dip in the vicinity

of the Winger field.

Haldimand County

Explorations for gas have been carried westward from the Welland county fields

to this county with fairly good results. In 1902, there were nine producing wells in

the vicinity of Dunnville. The Attercliffe field, about five miles northeast of Dunnville

in the northern parts of the townships of Moulton and Canborough, is the most

important in the county, although several producing wells have been put down outside

this field. The Dominion Natural Gas Company have thirty-four wells in this field and

five wells in other parts of the county. The Citizens' Natural Gas Company of Dunn-

T'lle have nine producing wells in this field.

Log of well No. 3 on lot 18 in the second concession from Canborough.

F.vt
Surface (olav) 100 Upper shales, [irobably Onondaga
Shale and rock 318 Guolph and Niagara
Gray shnle 4.5 Niagara shales
Dolomite 23 Clinton
Sandstone, red 48 Medina
niueshale 48
White Medina 10
Red shale.s depth of 26

i;is

The gas is found in the white Medina at a doptli of .582 feet, with a flew ot

12,000 to 13,000 cubic feet per day.

Leg of well No. 2 on the Alansell McCalhini farm one-half mile south of Darling

road station on the Wabash railway, Canborough' township.

Feet Feet Feet
Surface 0— 56
Limestone, shale and gypsum 5i'—346 290 Onondaga
Gray dolomite 346—506 140 Guelph and Niagara
Blue shale 606—546 40 Niagara shales

gS?'SiSe:;:;:::::;::::;:;;.::;.:;:::::-::::::::::::;::t^t?^} ^^ ™mon
Sandstone, red 5T9—619 40 Medina
Grav shales. . .

.

^

619—649 30
Sandstone, whtfe 649—66» 20
Red shales 6 9—72.5 20

!

Gas in white Medina at 665 feet having a flow of 72,000 feet per day. Water
was found in the Onondaga and Niagara.

Log of well No. 1 on the farm of K. S. Bobbins, one and one-half miles west of

McCallum's well. North Cayuga township.

Feet Feet Feet
Clay 0— .58

Limestone and shale .58—358 300 Onondaga
Gray dolomite 358—518 160 Guelph and Niagara
Blue shales 518—.5.58 40 Niagara shales

gS?Ses;:::;:;;;:;;;::;;::;:;;;:;;:;;:;:;:;;::::;::i?^=tl} ^^'nt""
Sandstone, red .583—623 i» Medina
Gray shales 623—663 40
Sandstone, white

,
563—680 17

Red shale 680—790 110
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Gas is found at <567 feet in the white Medina sandstone, havini; a flow of 60,UUii

feet per day.

A comparison of the logs of the last four wells shows the several strata to have

a respeetive thickness in feet as follows:

Clay
Limestone and shales.
Gray (iolomile
Bluo shales
Dolomite
Gray shales
Sandstone, red
Gray shales
Sandstone, white
Ked shales

S'o. 1
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Gas and oil are found in the Medina sandstone at a depth of 512 feet.

Record of well drilled by Gould, Shapley and Muir Co., on Wellington street.

Brantford :

Feet Feet.
Surface 0—61
Limestone, etc 61—36U Guelph and Niagara 299

Black shaleB 360—405 Niagara shales 45

Dolomite 405—425 Clinton 20

Sandstone, red 425—460 Medina A5
Blue shales 460—490 " 30

Sand rock 490—505 " 15

Sandstone, white 505—515 ." .... 10

Red shales 515—670 " 155

Gas was struck at a depth of 610 feet, and according to the record obtained froiii

the driller, in the Medina red shales, 100 feet below the lioiizon in which the gas

's found in other wells in this district. The rock pressure at first was 265 lb. The

well is now flowing 15,000 cubic feet per day. It is altogether pn bable that as the gas

pressure decreases in this well oil will begin to come in.

The discovery of gas and oil at Bow Park Farm, two miles southeast of Brantford

is des<ribed in the Thirteenth Report of the Bureau of Mines. Development worU h,.

1 een steadily going on since that time and ten wells in all sunk, one of them beiu^

put down to the Trenton.

f.oa: of well Xo. 4 on Bow Park Farm :

Feet Feet.

Surface — 72
Limestone, etc 72—365 Onondaga, Guelph and Niagara 293
Black shaies 365—415 Niagara shales .. . 50
Dolomite 415—430 Clinton.. 15
Red shales 430—475 Medina 45

Blue shale 475—505 " 30

Gray sand (hard).... 505—525 • 20
Sandstone, white 525—532 " 7
Red shales 532—624 " 92
First gas struck at 420 feet in the Clinton.
Second gas struck at 530 feet in the Medina white sandstone.
Oil struck at 542 feet in the Medina red shales.

Th.fe logs of the wells drilled on this farm are very similar, the greatest variatioi

being in the thickness of the white Medina sandstone.

Logs of wells No, 6, 7, 8 and !) on Bow Park farm :

Xn. (j No. 7 No. K No
ft. ft. fl. ft.

Surface 87 45 91 97
Onondaga. Guelph and Niagara Ii:iiestone 292 276 300 290
Niagara black shales 45 45 45 45
Clinton ilolomite iO 15 23 23
Medina reil shales 30 30 31 35
Medina blue shales 30 35 30 35
Medina gru.v Siind 20 25 30 15
.Medina sandstone, white. 13 10 11

Medina red shales Ill 13r. 203 80

650 1)16 753 630

In No. 6 gas was struck at 430 feet in the Clinton, and at 538 feet in the Medina
white sandstone. Oil was struck at 590 feet or 03 feet in the Medina red shales.

In No. 7 a very small flow of gas was obtained at 479 feet in the Clinton.

In No. 8 a flow of gas was obtained at 4S9 feet in the Clinton. From the log it

is seen that the Medina wliite sandstone is entirely lacking in this well, which will

account for no gas being found below the Clinton in the depth drilled.

In No, 9 gas was found at 436 feet in the Clinton sandstone, and at 549 feet in

(he Medina white sandstone. Oil came in 60 days after the well was drilled.

This field is similar to the Dunnville and Attercliffe field in that the gas is obtaine-J

from the Clinton and white Medina sandstone. The chief supply of gas comes

fiom the latter, the top of which is at an average depth of 530 feet or about 150 feet
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of an elfvatioii above tide. The top of the' white Medina sandstone in the gas dis-

trict of Haldimand county is found at an elevation of about 45 feet below tide. Thcro
's therefore a difference in elevation of about 195 feet, or a uniform dip of the white

Medina sandstone to the south of nine to ten feet per mile.

The Trenton formation is struck on Bow Park Farm at a depth of 1,930 feet or

an elevation of 1,250 feet below tide. The Trenton is encountered in Welland county

at an elevation of about 1,750 feet or 500 feet lower than at Brantford, showing the

Trenton also to have a south and southeasterly dip, with some of the lower strat.a

increasing in thickness in a southeasterly direction.

The gas from the wells at Bow Park Farm has been piped to Brantford and

leased to the Imperial Natural Gas Company, who supply the city.

Two or three of the wells have been shot, but the flow did not appear to be in-

creased.

The Provincial Natural Gas Company drilled three holes northeast of Bow Park

but nothing was struck.

Norfolk County

Following is the record of a well drilled at Port Rowan in the county of Norfolk :

Depth. Formation. Color.
— 300 Surface Clay.

300— Mi Corniferous Gray limeefone.
363— 440 " Oraylsh-blne limestone.
440— 470 " Dark brown.
470— 564 " Bluish gray.
564— 585 CorniferouB or Oriskany White and bine grannlar limestone.
585—1.020 Onondaga ,..r.rr>vi8h-hliie fiolniiii'e.

1,020—1.310 Niagara. White gngary limeetone.
1.310—1,320 Clinton Drab and argillaceons limestone.
1,320—1,460 Medina j ^ .. ..Red and bine sandstone.

Elgin County

Drilling fcr oil was first begun in this county about forty years ago. About eight

years ago a deep well was drilled at St. Thomas to a depth of 3,030 feet. A very little

gas was found in the Medina, but salt water was encountered and the well was of no

importance. About the same time drilling was begun in the township of Dunwich
about 20 miles west of St. Thomas. This is the Dutton field and is about five miles

south of the village cf that name.

The field comprises in all about 400 acres, and 154 wells have been drilled in it,

68 wells by the Elginfield Oil & Gas Developing Co., 73 wells by the Beaver Oil Co., and

13 by the Talbot Oil Co. The oil is found in the Corniferous at a depth in it of 160

to 175 feet. The best wells are obtained when the Corniferous is struck 245 to 250

feet frcm the surface.

Log of a well of tke Elginfield Oil & Gas Co.:

Surface 200 feet
Black shales 6-7 feet

]Hard pan

\

.,- ,„^, -Hamilton
Blue clay I

2., feet
j

Limestone 170 feet—Comiferou.s
Total depth 402 feet

Oil was struck at a depth of 160 feet in the Corniferous, and 9 feet of oil rock
|

passed through.

Log of wells drilled by the Beaver Oil Co.

:

Surface 228 feet
Lime (gray shales) 25 " —Hamilton
Limestone 187 " —Corniferous.

Total depth 440 feet.
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Oil found at 175 feet in the Corniferous.

Feet.

Sur ace 208

Lime (shalea) 27 Hamilton.
Limestone ._^ 172 CorniferouB.

Total depth 10

Average of 16-18 feet of "cuttings" (oil rocks.)

Some wells have no shale overlying the Corniferous.

Feet
Surface .. 183
Limestone 167 CorniferouB.

The best wells in the field arc found where there is 25 to 30 feet of shale overlying

the Corniferous lime. It would thus appear that there is a series of auxiliary anti-

rimes running through Ihe field.

The wells in the Dutton field are different from those in the Petrolia field,

although oil in both fields is iound in the Corniferous. In the latter field oil is

struck 6-3 to 70 feet below the surface of the Corniferous, while in the former oil is

found from 160 to 170 feet in it. The wells are similar to the Petrolia wells in that

they are small but steady producers.

All the wells are shot with fifteen quarts of nitro-glycerine.

Log of a well twenty miles west of Dutton at Clearville

:

Feet.
Surface 167

Soap (shales) 183Hamilton.
Limestone 165 CorniferouB.

Salt water was struck.

In the eastern part of this county a few wells were drilled in 1903 which produced

soma oil.

Log of well near Aylmer, township of Malahide:

Surface clay, sand and gravel '247 feet

Corniferous lime 169 "

A little surface oil was struck at 247 feet, and also a little at 278 feet. At 386

feet, or 139 feet in the Corniferous, oil was found which yielded three barrels per day.

This is a very light oil with a gravity of 41 degrees Baume.

Kent County

Many wells have been drilled in this county in search of both gas and oil, prin-

cipally in the years following the discovery of oil at Petrolia and Oil Springs, also in

latter times in search of gas, so far unsuccessfully except for small quantities.

The Bothwell field is probably the most steady producer of oil of any field in the

county. It is situated in the northern part of Zone township between the Grand
Trunk Railway and the Thames river, about two and one-half miles west of the

village of Bothwell. The Walker Gas and Oil Company, Windsor, and Fairbanks and
Carman, Petrolia, are the principal operators. The former company have sunk about

ninety wells having an average depth of 600 feet. These wells produce 1.5,000 barrels

of oil a year, and the production is said not to depreciate more than two per cent,

each year. To offset this four new wells are put down each year.

Well at Bothwell:

Feet. Feet.

Surface 155

Soapetone - 31 ^

Shale, black 4 . Hamilton 67
Soapstone . . - 32 J

Limestone Ml Oorniferoni.
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The total number of producing wells is from 250 to 300, but new ones are con-

tinually being Mink. The yield of oil is from 5,000 to 6,000 barrels a month for the

whole oil field.

liOg of well at Bothwell

;

Depth.
Feet. Peet

Quicksand 15— 15

Oiay 45—60.
Running Gravel. ?^}^| ' Surface Uu
Clay 10—155 .

Quicksand 5—160
|

Hard pan 7—167
Middle lime 10—177 ,

Soapstone 16—1" Hamilton 36
Lime . • ... 8—201

bower lime 178—381 Corniferoue.

Some water and oil obtained at 210 feet : began to show oil at from 345 to 350

feet, but from 365 to 376 feet the limestone is quite coarse and oil washes out. The

well was shot with sixteen quarts of nitro-glyeerine from 365 to 376 feet. Oil is

therefore found in the Corniferous at a depth of 188 feet. The Hamilton formation

IB this held has been greatly eroded, being about 200 feet less in thickness than at

Petrolia or Thamesville.

At Thamesville about seven miles west of the Bothlwell field a number of wells

have been piit down, yielding oil in some cases. Dr. Hunt gives the log of a well

at this place as follows :

Feet
Clay 60

Gray shale, etc 240 Hamilton.
Gray limestone 32 Oomiferons.

Oil was found at sixteen feet in the Cornifero\is.

Another well drilled recently by Messrs. Fairbank and Company of Petrolia gives

the log as follows

:

Feet. Feet
Sand 4— 4|
Blue clay ... 50— 54 , Surface 69

Stones .. 15— 69 J

Black shale 10— 79 1

Top rock 40—119 I

Soap 130—249 (
Hamilton 237

Middle lime 14—263
Soap 33—296
Lower lime 146—442 Corniferoue.

Oil and gas were found at depths of 356 ami 427 feet, or at 60 and 131 feet iii

the Corniferous. This well is almost identical with wells drilled in the Petrolia field

with the exception of a smaller thickness of surface.

On lot 19 in the fifth concession of Dover township near Chatham a well has been

put down to a depth of 500 feet.

Feet. Feet

Sand .... 15

Clay 50

Shale 60
,

Top rock 40

Soap 120 . Hamilton 270

Middle lime .15
Lower soap .35 ;

Lower liine ^95 1 „ ., m-,
White sand mik 45 - Corniferous 167

Dark sand rock 17 J

Salt water was struck at 350 and 400 feet respectively.

i9 0eoL Survey of Canada 1863. p. 247.
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Another well which Mr. H. P. H. Brumell describes^" was drilled one mile north-

v-est of the Grand Trunk Railway station at Chatham:

Feet.
Surface clay 60
Shale, black 118
Soapstone ZOO I

Limestone (middle lime) 18 i' Hamilton.
Soapstone . 37 '

Limestone 567 Corniferoiis.

Part of this black shale is likely to belong to the Portage-Chemung. The Hamilton

averages about 30 feet in thickness, and the upper black shales of the Hamilton and

lower shales of the Portage-Chemung are very similar. The record given shows the

limestone below the Hamilton to have a thickness of 'yti' feet. This is a greater thick-

ness than has been found in the Corniferous. The lower layers are therefore in all

probability a dolomite belonginsi to the Onondaga.

Oil was struck in a well on lot 18 in the twelfth, concession of Raleigh township

in November of 1!){I2. This well was called the "Gurd gusher" and produced during

its flowing period about 1,000 barrels per day. Many wells were drilled in the vicinity,

but with little succe.ss. At the present time there is nothing being done in the field.

The "gusher" ceased to flow, and pumping has been stopped.

This field is described by Prof. Miller, =' from w'hose report ihe following log has

liM'u taken. The well is on lot 19. concession 14, township of Raleigh.

Feet Feet.

Boulder clay ilW

Shale to 205
Limestone (argillaceous) to 211 ,

Shale . . to 240
|

Limestone to 246 Hamilton . 94J
Shale to 247

I

Limestone (middle lime) to 249 |

Shale to 278i I

Limestones, very slightly argilla-
ceous to 511 Corniferous 232i

The last is called the "big lime" or "lower lime."

The Wheatley field in the vicinity of Wheatley \illage in Komney township is a

jsmall prodiicei-. The Unitea Gas and Oil Company have four wells on'lot 11 in the

second concession, which yield an average of ten barrels per day. These wells are sunk

to a depth of 1,298 feet. The water is shut off at a depth cf 595 feet in the Niagara.

.\bout 400 feet of salt, called by the drillers the "big salt" is also obtained. A very

hard gray limestone overlies the oil strata. The oil is found in the Guelph formation.

Lambton County

This county has been for many years the foremost ind was for some time the only

oil producing district in the Dominion. The Petrolia and Oil Springs fields have been

fully described by Mr. H. P. H. Brumell, ^^ consequently the writer will confine him-

self to a brief mention of the more recent operations in the county.

Mr. Brumell writes as follows:

"The oil of Lambton county is, in the mai^, obtained from two distinct pools

known as the Oil Springs and Petrolia fields, both in the township of Enniskillen.
The larger of the two—the Petrolia field—with" an approximate area of twenty-six
square miles, extends W. N. AV. about nine miles and E. S. E about four miles from
the village of Petrolia ; while the Oil Springs field covers about two square miles and
includes the south eastern part of the village of Oil Springs."

A new field can now be added to these two, which bids fair to become a good pro-

ducer. This is the Moore field, and comprises approximately lots 1 to 5 in the ninth,

20 a. S. 0., 1890-91 Eoport, p. 73 Q ;t Thirteenth Eep. Bureau of Mines, 1903, page 40.

i.'H.S.C. 1890-91. pace 61 Q.
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tenth and eleventh coucessious of tlie township of Moore. The best wells are locatod
rn lots 3 and 4 in the ninth and tenth concessions. This field was opened up by the
Moore Oil and Gas Company in July, 1904, and is about four miles west of Petrolia..

Log of the Davis well drilled by the xMoore Oil and Gas Company on lot 3 in l' .j

tenth' concession of Moore township near TTie old Sarnia plank road:

Feet.
Surface 148

Feet.

Top rock (upper lime) 45
Shale (upper soap) ... 125 I „ ..,

Uiueatone (middle lime) 15 |

'^i™""'n 232

Shale (lower soap) 47-'
Limestone (lower lime) Ill Corniferous.

Total depth 491

Supply of gas struck at 400 feet. Oil struck at 445' to 450 feet at a depth of 65
to 70 feet in the Corniferous.

This well, which was the second well in the field drilled, started out with a pro-
duction of 100 barrels per day.

Log of well drilled by Fairbanks and Carman:

„ ,
*'eet. Feet.

Surface 143
Top rock 48 N
Soap 130

1

Middle lime 15 I „ -i.

Soap 42 I
Hamilton 240

Streak of lime 3 |

Soap 2 J
Lower lime 68 Corniferous.

The Corniferous formation was encountered at a depth of 384 feet, and oil found
at 395 feet and 410 feet.

Details of the Corniferous formation in the above well are as follows

:

Feet.
395 Crystalline limestone.
400 (iray.

402i Gray.
405 Gr^y. no oiL
407i Soft.
410 Kock well browned up with oil.
412 .... Gray.
417J Crystalline.
422J Soft, browner, more crystalline.
425 Gray, oil came iu.

'

427J Hard.
430 Drown and sandier. <

437J Crystalline.

The Moore field is quite clearly defined by a black shale which is found south,

east and west of the field at depths of 127, 100 and 132 feet respectively. In the field

the top rock is at a depth of 147 to 154 feet. No producing well has been found where
the black shale overlies the top reck. The "lower lime" in the wells on the edge of

the field is met at a greater depth than in the middle of the field, proving quite con-

clusively the presence of an eroded anticline. This black shale is in all probability

the upper strata of the Hamilton, which at Petrolia assumes a thickness of 296 feet.

North of the field, no shale is found overlying the "top rock" for some distance,

and a few producing wells have been located. It kas been thought that the oil bait

I an in a direction northwest by southeast, but in this field it runs ratTier in a south-

westerly by northeasterly direction and quite irregularly, except that as the shale

is neared the wells diminish in production.

The oil is found in two horizons from fifteen to twenty feet apart of about eight
to ten feet thickness. The wells are connected as shown by the fact that some wells
drilled the width of 100 acres from a producing well have reduced the flow of the latter.

From fifteen to twenty wells have begun pumping from 40 to 100 barrels per day. Iii

March, at the time of the writer's visit to this field, there were twenty drilling ri(?a

at work.
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ONONDAGA.

All the wells are shot with from thirty to forty-five quarts of nitro-glycerine.

In this field there is also considerable gas which is used as fuel for pumping and
drilling on most of the properties.

Mr. Brumell writes regarding the Petrolia wells as follows : '3

"The oil horizon at Petrolia lies at a depth of from 450 to 480 feet beneath the
surface of the main part of the town, the oil being pumped in all instances from what
is known as the 'lower vein' at a point about 65 feet in the Corniferous limestone.
The following record may be taken as typical of the wells sunk in the Petrolia field."

Well sunk near the Imperial Refinery, Petrolia:

Feel. feet.
Surface 104

Limestone (upper lime) 40
|Shale (upper soapatone) 130 I. Hamilton 228

Limestone (middle lime) 15
j

Shale (lower soap) 43 '

Limestone (lower lime) 68 I „ . ,,
Limestone, soft 40 > Corniferous .133
Limestone, gray 25

Following is the log of a well that was sunk at Petrolia to the Trenton line

:

Carman well No. 1, lot 11, cfpncession 11, Enniskillen, Lambton county, Ontario,

P. I. Bradley estate, Elev. A. T. 667 feet:

Feet. Feet.

tiATiiTTrrr^nT /Sufface bluB clay 90 — 90HAMILTON
I Streaks lime and shale 2W — 330

CORNIFEROUS .... Corniferous ,190— 520

f Streaks brown, gray and black
,

dolomite 690 — 1.210

Salt 65 — 1 .275

Bolomite 20 — 1,295

Salt and thin atreaks dolomite.. l^O — 1,435

Dolomite 30—1 .465

Salt 90 — 1,555
Salt with light and dark streaks
dolomite 50—1,605

Salt 25 — 1,630

Oray dolomite lime 10—1.640
Salt 67 — '.707

Streaks dolomite and salt 40 — 1,747

Salt 138 — 1,885

Gray dolomitio lime and shale.. 130 — 2,015
I *3alt 90 — 2.105
^ /Guelph and Nliagar.i dolomitio

CLINTON i
'ime 275 — 2.380

1 Niagara shale (red and dark) . 60 — 2.440
1 Clinton 90 — 2.530

MEDINA Red Medina 275 — 2.805

rrmT,-i

.

I
Hudson River shales (light) . . . .

2'05 — 3,010^^i^A
I
Utica (dark) 165 — 3,175

TRPMTnw I

Trenton 170 — 3,345TRENTON Bird's Eye 115-3,4601^,
I Chazy . ... 3'7 — 3.777 I

Thirteen-inch lonductor, 08 feet; 7 = -inch casing, 186 feet; 64.-inch casing, 1,015
feet.

In the Oil Springs field, oil is found at a depth of about 370 feet or 60 to 65
feet below the summit of the Corniferous. The shallowness of the wells as comparod
with those at Petrolia is due to the thinner mantle of surface drift, and also to a
diminished thickness of the Hamilton formation, as shown by the following log:

Surface ^'% ^«^*-

Limestone (upper lime) 35 ^
Shale (upper soapstone) T 101 I „ •,. ._„
Limestone (middle lime) 27 i"

Hamilton 170

Shale (lower soap) 17 .,'

Limestone (lower lime) 130 Corniferous.

Another well drilled at Oil Springs gave the following log

:

Feet. Feet.
Blue clay 58
Top rock 55

I

Soap 109 t Hamilton 209
Middle lime 15 (

Soap 30 /
Lower lime 131 Corniferous.

23 G.8.C. Report, 1890-91, page 61 Q.

8 M.
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Anotlior field in the southern part of the county in P^uphemia township is a
small prodiicor. V«>r.v little, i.s being done here at present, but a Ittlc oil is bein;;

rumped.

The log of a well in this township gives:

Feet.
, Surface 53

Hamilton 224
Corniferous 93

Oil is found in the Corniferous at depths of 90 to 100 feet.

According to Mr. Coste34 oil has also been found in the Oriskany sandstone, which
underlies the Corniferous, in this field. This is the only record we hav.' of oil havi-id

been found in this formation.

Log of well drilled by Fairbanks and Carman in Euphemia townshii)

:

Feet. . Feet.
Surface clay 48
Top rock 50
Soap 130 H.imilton 218
Middle lime 20

\

Soap 18 -

Lower lime 120 CorniferouB.

Oil is obtained at Jiliout 100 feet in the "lower lime."

Log of well drilled in the township of Dawn :

Feet

.

Surfaif clnv 3s
Streaked with liim- 20 "^

.Hamilton 199 tcct.

Soap 128
Middle lime 20 1

Soap. 2.1 f

4
ILime

Soap '2 J
LOH er lime 100 Comifcroiis.

Oil was struck at a depth of 87 feet in the Corniferous.

Essex County

Explorations in this county until very recently have been mainly in search of

fiatural gas, which, was first proved to exist in €his county in large quantities i/i

.lanuary, 1889. Many wells have been drilled in various parts pf the county, chiefly

m the district between Kingsville and Leamington and in Colchester township.

Probably the largest flow of gas obtained from any well was from Coste well No
1 in the northwest corner of lot 7 in the first concession of the township of Gosfield,

vhicli is thus described by Mr. Coste :^5

Soil feel tn .S tn-t.
Drift, gray sand .5 •• ijo "

Brown and gray doloniitir lliacstoncs. witli
1

gypsum and with white and black flint. 120 .MXi
I

Gray blue and ,>ihaly dolomites and drab
,

Ononda.ga 900 feet.
brown dolomite." with a good deal of

|

Eypsum .VX) •• S6(l '• J
l)ark brown <loloinites and gvpsuni (with

gypsum lied frnm 970 to 9S.'>) siio •1020 "
Gray blue iTvstalline vesicular dolomite lOJU • I03I " Guclpli 11 feet.

A little gas was got at 910 feet and 930 feet, but a large quantity at 1.020 feet or

at 362 feet below tide. The flew of gas from this well measured, after being first brought
in. 10.000.000 cubic feet per day.

A complete log of the measures underlying this county was obtained from a well

drilled by the Provincial Natural Gas and Fuel Company on lot 04 in the first con-

cefsion of the township of Colchester South ; elevation 648 feet.

:4 Journal Can. Min. Inst., Vol. VI.. page 110.

= 5 .Tournal Can. Min. InBt., Vol. TIT., p. 70.

81 M.
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K«irmalion.

Drift Saiifl -JO feet to
" Ifuicksand tfU

Otiondaga <iray and brown dolnmilir lime
stone with Hintand gj-psiim

' White fine sharp sind 10
\Vhite, gray and brown dolomites
with white and black Hintand
with gyiwuni 203

'iray, blue and brown dolomites
(mostly shaly with a good deal
of gypsviin). shaly group .'... 370

Gnclph and Ningiiru Blue, white, gray and brown dolo- 215
215 feet mite, quite erystalline and very

porous, 1

Clinton 155 feet White and white blue limestone. . il55
Medina 285 feet liray blue shale 7

liray blue limestone 5
iireenshale.s S
Kcd pink shales 5
Gray blue unctuous shales SS
Uray blue and white sandy lime-
stones 62

Red pink shales 110
Hudson Kiver ijrav blue lime shales with shells

01 Uime 3-'iO

Utica Brown and black shales 235
Trenton White and dark gray limestones. . 270

'Miiikncss.
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ofi at 710 feet. Some gas was met with at 763 and 960 feet and gradually increasing
to 1,060 feet. At 1,080 feet sprayed oil, the flow of which increased at 1,082 feet.

The gas was very strong at 1,070 feet, blowing cuttings ^ut of the hole, and at 1,080

feet probably made one million feet per day. The well was deepened to 1,091 feet and
Bhowed but little water until it had flowed a number of days.

The oil comes from the Guelph formation at a depth of about 1,040 feet in the

southern end of the field, and about 1,125 feet in the northern part.

The Leamington Oil Company, which is tlie oldest concern in the field, completed
its twenty-first well on March 20th, 1905. Out of these twenty-one wells, eighteen
are productive.

The United Oil and Gas Company have seven producing wells out of eleven

put down.

The Detroit and Leamington Company have three producing wells.

The Detroit and Dominion Company have one producing well. This is the Jackson
well, which started flowing 400 barrels a day after being shot, in a few days settling

down to 100 barrels a day.

The Hickey Oil Company have four producing wells. The Hickey No. 1 was shot
1st December 1904, and flowed for one month. The Hickey No. 4 on the Wales farm,
one and one-half miles north of the Jackson gusher, started off at the rate of 1,200
barrels a day, but later settled down to about 200 barrels a day.

The British America Company have one producing well.

The South Essex Oil and Gas Company have a producing well on lot 10, south cf

the Talbot road.

The Major Syndicate have two wells on lot 10 in tKe first concession of Mersca
township, producing on an average five barrels per day.

The Lake Orion Oil and Gas Company have one producing well, which began to

Bow at the rate of 150 barrels per day. This is on the farm directly north of (he

Wales farm, on which the Hickey gusher is located.

The Buffalo and Leamington Company have one producing well on lot 9, con-

cession 9, Mersea. The well has a depth of 1,125 feet. All the wells are shot with

about 50 (juarts of nitro-glycerine.

In addition to the oil wells there are three or four gas wells,, which are in the

new oil field north of the old gas field, one of which (No. 3, Rymal) pr|oduced at first

1,300,000 cubic feet per day. This well was brought in in February, 1904. These gti

wells supply the town of Leamington, and also fuel for drilling and pumping.

At Comber on the Michigan Central Railway, eight wells have been sunk, of

which six are producing on an average two barrels per day.

The following is the record of a deep well drilled for the Leamington Oil Cc. on

Dr. Albert Foster's farm, East Lot 239, North Talbot Road. Commenced March 18th

1905, and completed June 27th :

Peet.
89 10 feet drive pipe.

585 8 feet easing.
1095 Top salt s;>nd.

1500 Top blue lime.

1556 6} feet casing (red rock).

1566 Top Blate.

1650 " Clinton lime.
1700 " Red rock.
1850 " slate.

1870 " Red rock.
1950 " lime.
1970 " shale.
2275 " slate.

2488-9 " Trenton rock.
Total depth, 2896 feet

The well was shot June 24th with 226 quarts of glycerine.
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Log of well on lot 7 in the third concession of Tilbury Wiest:

Surface 120 feet
Limestone 163 " Cornifcrous.
Sandstone 20 " Oriskany.
Ijimestonc and shale 897 " Onondaga.
Crystalline doloiuiti' IS3 '* (iuelph.

Oil was struck at 1,200 feet, and nearly 100 feBt of oil rock was passed through.

The company operating at Comber is the Sovereign Oil Company.

Mr. Brumelbs cites a well drilled in 1889 at Blytheswood on lot 7, concession 9,

Mersea, to the depth of about 1,200 feet. A small flow of gas was obtained at 1,050

feet, followed at 1,150 feet by a heavy flow of salt water. Oil was n>jt found.

This well is just west of a well sunk on lot 9, concession 9, Mersea, the year in

which oil was found, further evidence of the narrowness of the productive area in the

Leamington oil field.

Pelee Island

Drilling has been carried on for a number of years on this island in search of

c;as and oil, with a moderate amount of success. Oil has been found at a depth of

about 750 feet.

Borings examined by Dr. Ami, of the Geological Survey Department, give:

Surface drift 5t feet
Corniterou.'* and Oriskany 222 "

For the most part impure fossiliferous limestone with corals, shells and
carbouaeoous mailer.

Measures unreconled but probably Oriskany sandstone 44 "

Lower Ilelrterberg and OnondaEa 458 "

Consisting of gypsum and gypsiferous dolomites, light yellow, dark gray and
bluish gray in color.

T"tal depth 7*2 "

»SG. 8. 0.. 1890-91, page 84. Q.



CEMENT INDUSTRY OF ONTARIO
BY P (ilLLIiSPIE

^NoTE.—In the preparation of this article, the following publicationB were consulted, and
the : SBistance obtained therefrom is gratefully acknowledged: Butler's Portland Cenic-nt,

Geological Survey of Michigan. Vol. VIII. 1903. Reports of Geological Survey of Canada, Geo-
logical Survey of Ohio. 1904. Kepor's of the American Society for Testing Materials. Vol. 11.

1902, and Cumming's American Cements.—P. G.]

"An artificial mixture of lime and clay in proper proportions, calcined to a clinkei-

at a tt'iiiporatiirc of incipient fusion and finely ground, is called Portland cement

Its manufacture dates from the year 1824, when Joseph Aspdin, a Leeds brickmaker.

first put his product on the market. It was designated by him "Portland" cement,

from i;s fancied resemblance when hardened to the well-known oolitic limestone

quarried on the island of Portland, on the south coast of England, and for centuri?s

used as a building material.

More the result of accident than ot purposeful investigation, Aspdin's discovery

is like many others of modern times. He mixed the pulverized limestone from the

macadamized highways with clay and water. The mixture was dried and burned t.j

a clinker in a kiln. The clinker thus produced was afterwards ground, and its setting

and hardening properties on the addition of water rendered it a useful material ia

(cnstrui tion. In the following; year. I Si"), he built a factory for its production ;it

Wakefield, and it is said that his cement wa-. employed by Sir I. K. Brunei in 18'2S

in the construction of the Thames tunnel.

Two years after the registration of Aspdin's patent, Maj.-Gen. Sir C. W. Pasley

ccmmenced a series of experiments on artificial cements at Chatham dockyard, which

in the light of his time were very gratifying. His raw materials at first were ihaik

and brick loam, but the supply of the latter having become exiiausted, Medway blue clay

was substituted, a remarkably good product, everything considered, being the result.

So far as records inform us, these two were the pioneers in an industry which
during the last quarter of a century, and especially during the last decade, has grown

o gigantic proportions. The chief competitor of the new Portland cement was the

.so-called Roman cement, which since the time of John .Smeaton had' been manufactured

in England. He it was who first discovered that the cause of hydraulicity in certain

limestones is the presence of clay in the stone. That was in 1756. Thenceforward

the burning and grinding of nodules of clayey limestone found along the English sea-

coast, became a profitable business. The product wa^ known as "Roman cement,"

analogous of course to modern natural cement, and it was from the manufacturers of

this that the greatest early opposition to the introduction of Portland cement cam-3.

Many failures mark the first quarter century of the history of Portland cement,

chiefly no doubt to lack of scientific direction, and although public competitive tests

had as early as 1843 conclusively established the superiority of the new article over

the old, conservative England was exceedingly slow to admit the fact. At the England

and Colonial ]''xhil)ition in 1851, it received its first great and successful advertisement,

and from that time on its use has steadily extended.

INGREDIENTS OF CEMENT
The two essential ingredients in the manufacture of Portland cement are lime

and clay. In America, the former occurs either as limestone or as marl. While in

Ontario all the plants save one employ marl as the source of the lime, it is interesting

to note that but sixteen per cent, of the total output of the United States is made

from that material.

Mis
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Marl

The existence of deposits of marl at the bottom of many of our smaller lakes

has been explained in various ways. Some there are who contend that marl is composed
of the shells of fresh water moUusks. As most marls contain shells more or less per-

fectlj' preserved, color is lent to this hypothesis. It is further argued that through

eiosive and grinding agencies, shells iave lost their characteristic forms, and that

that portion of all marl which is microscopic and formless has had its origin througii

the crushing and grinding of shells. Other investigators advance the view that mafi

has had its beginning through the deposition of calcium carbonate from water con-

taining this salt in solution.

It is a well-known fact in elementary chemistry that water containing carb'>:i

dioxide in solution will dissolve a much greater quantity of calcium carbonate than
will water in which this gas is not present. Ft is also well known that when for any
rea.son the gas is expelled from the water, the calcium and magnesium carbonates are

deposited as a finely divided powder. It is therefore contended that when water,

containing carbon dioxide under pressure and holding in solution a greater quantity

01 carbonate than it could retain, were it not for the presence of the gas, is discharge.!

from some underground channel, the gas owing to reduced pressure, escapes to the air.

The salts are then deposited by precipitation on the sides and bottom of the stream

or lak« as carbonates of calcium and magnesium, and form the familial- marls of our

If kes.

NOT ALWAYS AN ORGANIC PRODUCT

The fact that isolated shells are found perfectly intact at depths of twenty feat

in places, would point to the conclusion that shells are not the sole source of marl.

For, if that were the case, the number of wholly or partially preserved shells would

he much larger at these depths than it actually is. Careful determinations of the

quantity of shells and shell fragments present in several samples of marl are reported

by Professor C. A. Davis, of the Geological .Survey of the State of Michigan, and are*

included in the publications of the Board of Geological Survey for 1903. Selectin:j

four samples nt random, he found that shells and shell fragments comprise on aa

average little more than a half of one per cent., and in one instance only does >t

exceed one per cent. The conclusion arrived at in the discussion is that shells ar»i

but a minor element in the composition of marl, and that their existence and growth

liepend on much the same causes as those which produce the marl itself. These causes,

rpcent investigation leads us to believe, are found in the fact that our underground

springs contain solution the carbonates of calcium and magnesium, washed from the soil

from which the springs are drawn. Differences in opinion now are not so much ns

to the source of the deposit, as to the cause of its precipitation. That the undergrounj

feeders of our lakes are the source of supply would seem to be the theory set forth iu

The Geology ol Canada, 1863, which we quote:

"Although belonging to the present geological period, this marl is not always of
recent formation ; inasmuch as the beds of it are sometimes overlaid by peat, or by soil

supporting a growth of large trees. At other times, however, the marl covers the
bottom of shallow lakes or ponds, and is evidently in the process of deposition. It

appears to be formed by the waters of springs, highly charged with lime, which is at
first held in solution as bicarbonate, but is deposited when these waters come to the
air. It is thus similar in its origin to the deposits of calcareous tufa, which occur in
many places where such calcareous springs flow over earth, rocks and vegetation insteal
of falling into lakes or marshes. The presence of carbonate of lime is a necessary con-
dition of the development of shells, and various species of mollusca abound in such
waters. These by their remains, which often form a considerable portion of the deposits,
give to them the name of 'shell marl,' which is frecjuently applied. This substance
is white and earthly in its aspect and, unless mingled with clay, is a nearly pure car-
bonate of lime."

Whether the writer of thte abov-e held that the water is a surcharged solution of

carlinnnte ilne to the presence of COo, is not altogether clear. Our acceptance of \] i'
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theory will depend on whether it can be shown that the percentage of calcium and

ruagnesium carbonates present in our ground waters is above the quantity which caa

be dissolved in water free from carbonic acid gas. Referring again to Prof. Davis'

report above quoted we read :

"According to Treadwell and Reuter's carefully made experiments, water at

ordinary tciii)H'ralure ami iircs^^ure cinitainiiijr no t'li'i- (X)o, may yet cdntain per-

manently O.;i8o0y grams of calcium l)icarbonali', or .238 grains CaC(V, [icr litre.

Now the analyses of waters from Michigan show a content of calcium_ carbonate from
.175 to .250 grams per litre With this in mind it can easily be seen that

the carbonated waters of our springs and marl lakes are generally far below the point

of precipitation."
How then is the mineral content of our springs deposited? Clearly, the cau;e

must be looked for elsewhere.

It is a familiar phenomenon in the study of plant life that all chlorophyll-bearing

plants, terrestrial or aquatic, absorb carbonic acid gas through the stomata or breath-

ing pores of their leaves. The leaf is the laboratory of the plant; in this laboratory.

The gaseous food is assimilated. The carbon and a part of the oxygen composing the

carbonic acid gas are retained to build up its own tissues, and the rest of the oxygen

rejected to the air. A second chemical reaction is instructive. It illustrates the

effect of this free o.xygen on the bicaibonates of which calcium bicarbonate, Ca H., (COj)., is

tvpical. The following is the eijuation :

Ca H., (Cf).,).,^ 0-CaCO3-CC\4-0^II>0

In words, it is this : The bicarbonate of calcium in the presence of oxygen becomf^s

the normal carbonate with evolution of carbon dioxide, oxygen and water. The

oxygen being nascent, is doubtless free to repeat the process. This then is given as

an explanation of the incrustations of carbonate on water plants, which are obser-

vable in marl bogs and with which many of us are familiar. The conditions are but

two in number; a carbonate-charged water, and the presence of vegetable life. The

Michigan Survey report is quoted in conclusion :

"One of the strongest of reasons why the purely chemical theory is not true is

lack of marl in some shallows and its presence in others. The lime-bearing water must
be distributed evenly to all shallows and should precipitate upon all at an equal depth.

This is often contrary to fact, while on the other hand it would be impossible for a

local prceip'tation to be brought about in the presence and only in the presence of

water plants producing oxygen."

COMPOSITION OF MARL
An analysis of marl usually reveals the presence of the following ingredients : car-

Vonate of calcium, carbonate of magnesiimi, ferric oxide, oxide of aluminum, silica,

organic matter and anhydrous sulphuric acid.

The calcium carbonate is the essential ingredient in marl, and should of course

be a very high percentage of the whole at least ninety per cent. The purest marls

run from ninety-five to ninety-seven per cent, of calcium carbonate.

Magnesium carbonate is analogous in its chemical composition and properties

to calcium carbonate, but it is characteristic of marl that when the latter is high in the

pnalysis, the magnesium carbonate is low. Further, it has not been shown that this

ingredient improves the cement in any way, and if present in large quantities is a

positive detriment. The magnesium carbonate should probably not exceed three per

cent.

Iron and aluminum, belonging to the same chemical group, are frequently re-

ported together in an analysis. The iron acts as a necessary flux. It will generally

be noticed that both ferric oxide and alumina are likely to be light where organ'c

matter is high. Two and a half per cent, is considered the limit for the combined

oxides.

The amount of silica in a good marl is small. It ought not to exceed three or

four per cent, in the sample. Its presence in a marl interferes with the adjustment

o'' the slurry, and although it is a constituent of clay, it does not make so intimate

a mixture with the lime of the marl as does the clay silica.
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Sulphur compounds are a positive injury above a two or three per cent, limit,

If present in quantities much exceeding this, certain somewhat complex chemical

reactions result, which, after the cement has been used, may lead to ultimate disin-

tegration.

Organic matter is more negative in its character and effects than positive. While

it increases the bulk of the marl, it really neither adds to nor subtracts from its

fitness as an ingredient in cement manufacture, since the organic matter is practical'y

ill burned in the process. A greater quantity of course is required to produce the

same amount of cement, and hence the cost of manufacture is correspondingly io

creased. An examination of analyses shows that marls free from organic matter are

likely also to be free from injurious ingredients. Ekewhere are given the results of

analyses of samples of the marls from which our Ontario Portland cements are

made.

MARL DEPOSITS IN O^^rARI0

In the descriptions of plants, to follow, reference will be made to Ontario marl

deposits which have been or are soon to be worked. There are many other are»8

where, for various reasons, nothing in the way of development has been undertaken.

Among these reasons may be mentioned smallness of deposit, remoteness from rail-

ways or othfer shipping facilities, and the possible over-production which of late years

has been feared by the more conservative observer in Ontario. In any case, it would

appear as if there is little danger of a dearth of this material in the Province for

many years to come. In 1902, the Geological Survey of Canada published a little

brochure giving a list of the more impoxtant Canadian marl deposits. The compil'-ig

was done by Dr. R. W. Ells, and no doubt was tolerably correct as to the areas known

up to that time. The following list is selected mainly from the pamphlet referred to,

and gives a fairly good idea of the number and some detail as to the extent of these

deposits. Those which have been worked will be dealt with similarly later on. Many
deposits of marl are also enumerated in the Reports of the Bureau of Mines—particu-

larly Part II of the Thirteenth Report, "The Limestones of Ontario."

In the township of Storrington, Frontcnac county, about ten miles north of

Kingston, there is a large deposit of marl occupying the bottom of Loughborough lake,

more especially the southeastern portion. The depth of water is not great, and
t-lthough the deposit is believed to be very large, little concerning its depth seems to

be known. Marl is also found in the bottoms of many of the lakes between this place

{.nd White lake in Olden township. These deposits are convenient to both the Ride.iu

canal and the Kingston and Pembroke Railway.

Deposits are said to occur near the city of Belleville, Hastings county, but no

data regarding their size are given.

In the township of Yonge, Leeds county, near the village of Athens, there are

several beds of marl which have never been exploited. One of these is on lot 13,

range VIII. and is said to occur over an area of at least twenty-five acres, with an
ascertained depth of seven to fifteen feet. The material is also reported as occurring

en lots 7, 8 and 9, range IX, at the bottom of Mud lake, and possibly at other points

'n the vicinity. In the township of Elmsley in the same county, it is found underlying

portions of Bass lake, of a thickness from three to four -feet, but the exact extent ot

the deposit is not known.
Nature has been very generous to Renfrew county in the matter of marl deposits.

In the township of Wilberforce, near the Bonnechere river, and about three miles from
the line of the Canadian Pacific railway, between Douglas and Eganville, is Mink
lake. This lake has an area of one thousand acres, and marl is believed to cover most
of the bed of the lake, being visible in many places. The depth is known to be nine
feet in places, and no doubt much exceeds this in others. The lake could be easily

drained. In the towship of McNab, the lower end of White lake shows a large area

of marl, extending over some seven hundred acres. The depth is from five to seven
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leet, and the difficulties in the way of draining are inconsiderable. The distance Ironi

Arnprior and railway communication will be about eight miles. In the township >f

Uoss several deposits are known to occur in a chain of lakes which extend ^outhea^t

fiom Muskrat lake, near Cobden village, and which are believed to form the prehistoric

valley of the Ottawa river, extending from Pembroke eastward. At Green lake, on

lot 13, range IV, the marl is found in one place with an exposed area of five acres

and a depth of from five to twelve feet. On lot 15, range II, in another small lake,

considerable deposits are found, especially near the outlet, and it is supposed the same

material underlies the water. Other lakes of the chain also have deposits, the extent

of which has not been accurately determined. In the township of Westmeath, on lots

tiine and ten east from B, shell marl on the shores of a small lake is known to occu'

,

but to what extent is uncertain.

In Emerald lake, Nipissing district, near lake Temiskaming, there is a deposit

of marl which is thought to be of considerable extent. With the opening of th-

f.djacent territory, this material may have an early commercial value.

"Among other places where the material is found in this Province, but where the

extent of the deposits has not been determined, may be mentioned lot 13, range IV.

township of Lavant, Lanark county, six acres in area, and seven feet deep ; Chalk

Lake, lots 1 and 2, range I., and lot 1, range II.. township of Reach, Ontario county,

a lake of seventy-five acres with a marl bottom, the thickness of which is considerable,

but is not definitely stated. In this list may be included White lake, lots 18 and 19

range IX. Huntingdon, Hastings county, the deposit extending out under the waters of

the lake and found to be thirtv feet thick in places; and the Eramosa branch cf Gree.i

river, Eramosa township. Wellington county, where the deposit is at least three feet

in thickness, with a covering of three feet of peat."
In Arteinesia township. Grey county, there is a seven-foot depth, covering an

f.rea of at least twelve acres. At the lower northwest end of Clear lake, in the tow.i-

ship of Sebastopol, Renfrew county, there is a large quantity of marl. This deposic.

and several others in adjacent lakes will probably some time prove an attraction i jr

C^anadian capital. On the shore of Hemlock or Mackay lake, at New Edinburgh,

Ottawa, marl has long been known to exist, extending over one hundred acres or

more, with a depth of at least five feet. The deposit is, however, largely covered with

soil and forest growth, but has been locally used to some extent in the manufacture

oi white brick. In Prescott county, in the vicinity of the Ottawa river, on lot 18

lange IV, West Hawkesbury, there is an area, the extent of which has not bee'i

definitely determined, but it is known to cover from five to ten acres, and to be three

feet in depth at least. The marl is covered with four or five' feet of peat.

THE VALUE OF A MARL BED

Anything pretending to a discussion of marl deposits would certainly lack com-

pleteness without some reference to their latent possibilities. To say that an area

of one hundred acres has a deposit of marl running to an average depth of fifteen fedt

is to give tb the ordinary person almost no conception of the potentialities •>'

such a deposit. There are all sorts of conditions which affect the value of a marl

proposition, among which will be the water percentage, and the calcium carbonate

content, as revealed by a chemical analysis. In order :o make an estimate, these two

and certain other unknown elements entering into our problem must be assumed.

A barrel of cement contains three hundred and fifty pounds, sixty-three per cent.

of which, let us say, is lime. Sixty-three per cent, of three hundred and fifty is twc

hundred and twenty and a half pounds, which quantity of lime is supplied almost

altogether by the marl. Let us assume that the marl in question has a carbonati^

content of eighty per cent, and contains on dredging say sixty per cent, of water.

From this, it follows that one hundred pounds of fresh marl will give forty pounds or

(?ry material, which in turn will give eighty per cent, of forty, or thirt.y-two pounrfs

nf pure calcium carbonate. Now, of calcium carbonate, but fifty-six per cent, is lime.

This means that of our hundred pounds of dredged materi.Tl, only eighteen lb. become
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a constitutent (it the tiiiished product. Since a barrel ot cement requires two hundred

and twenty and a half pounds of lime, it is clear that for its manufacture uearlv

thirteen hundred pounds of wet marl will be required. Again, a cubic yard of our

dredged marl will weigh about two thousand five hundred pounds, and sb we find th it

one barrel of cement will be produced from fifty-two hundredtlis of a cubic yard of »ot

n'arl. A plant of three hundred barrels per day capacity would consume one hundred

and fifty-six cubic yards per day, or forty-sis thousand eight hundred cubic yards per

year of three hundred working days.

But, returning to our deposit, we find that one hundred acres of a depth of fifteen

feet will contain two million, four hundred and twenty thousand cubic yards of marl,

or a sufficient supply at the assumed rate of consumption to last for fifty years.

Manufacturers state that from three-tenths to five-tenths of a cubic yard of marl

are necessary to produce a barrel of cemenF. It will be noticed that the greater of th«so

limits is slightly below that of our computations, fhe data for which were of course

purely hypothetical.

Clays

The silica and alumina required in the manufacture of Portland cement are suu-

plied by the clay or shale, as the case may be. Pure clay may, be designated by tlw

formula Al.,():,.2Si0.2-; 2H._,0, an<l is therefore a silicate nf aluminium. It should

be remembered, however, that the silica present exists in the combined or soluble form,

and not as granules of sand. Any clay, therefore, that is gritty to the touch or in th<>

teeth, if chewed, is ob.jectionable. for the reason that it probably contains uncombined

silica. This in the kiln is very refractory, requiring for its combination with the lime

a much more intense heat than does the combined silica of the formula. Cement could,

of course, be manufactured by using sand as the source of the silica, were it thought

prudent to reduce it by grinding to a state of sufficient fineness, and to employ the

greater heat which would be rendered necessary.

The best clays for the raanufaccure of Portland cement have a greasy, unctuous

feel, and are quite smooth to the touch. "Clays which stain the fingers should be

avoided as being either too much impregnated with iron compounds or containing a

large proportion of organic or other impurities." Claj-s also containing much calcium

carbonate should be avoided, as the percentage of this ingredient is liable to great

fluctuation, and its presence in the clay complicates the proportioning of the ingred-

ients very much. A simple test for clay is the application of hot dilute acid. If

ftere is much effervescence on the addition of the acid, the material is objectionable

because of the presence of carbonates.

-Analyses of an available clay should in all cases be made in order to determi'ic

the composition and its uniformity. 'The same ' ingredients as in marl may be looked

for, but of course in widely different proportions. Preferably the ferric oxide and
the alumina should in the analysis be separated. In general, a clay that contains

not less than two parts of silica to one of combined iron and alumina 'S preferred.

'Ihis in a good sample will be between forty and sixty per cent. Calcium carbonato
as stated above, is objectionable, not because of its composition, but because of the

difficulty in correctly proportioning the mixture. Oxide of magnesia should not

exceed three per cent. Manufacturers tell us that magnesia refuses to unite with
the clay at the temperature with which the latter and the lime combine. In conse-

quence, the magnesia remains in the finished cement as the oxide. Like free lime,

this expands and disintegrates on the addition of water and in a mortar is likely to

cause trouble. Ten per cent, of lime, and two per cent of sulphuric acid, will be the

maxima for a good clay.

The following analysis is of a clay that would answer very well as an ingredient
of Cement

:
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I'ur cent

.

SiO til .06

ALOa '. 38.10

F&.Os 6.6.i

Cat) 1.25
JlgO S3 '

SOj 1 65

Loss on ignition \C0_ and water) 9. '20

It will be noticed that the silica is considerably in excess of twice the cambim

oxides of iron and alumina, tliat tlie lime is nearly down to the one per cent, limi

and that both magnesia and anhydrous sulphuric acid are low. The organic matti

and water, being expelled in the process of calcination, do not enter into the reactioi

in any way, and of course are equivalent to so much inert and useless matter, aSectin

chiefly the cost of transportation of the raw material. It has been stated els

where that a high percentage of alumina will quicken the setting of the finishe

cement. In the above analysis the alumina is slightly high, ten or twelve per cen'

g,iving Ihe best satisfaction, as a general rule. This defect, however, can be corrects'

hy the addition of gypsum in the usual way.

In general, the process of manufacture consists first in mixing intimately the t»

ingredients in a finely divided condition ; secondly, in subjecting the mixture thi

obtained to a heat sufficiently intense to expel the carbon dioxide, and to form

clinker but not to vitrify ; and thirdly, in grinding the clinker when cooled to a

impalpable powder. The details of the process vary with every plant, but the resul

sought are identical in all.

Chemical Composition of Cement
An elaborate series of experiments, synthetic and analytic, conducted by D

Newberry and others has led to the conclusion that Portland cement is a mixtui.

?f silicates and aluminateg of lime, chief of which are the tri-calcium silicaf

(SCaO.SiO.j) and the di-ralcium ahiminate f2CaO. Al^Oj). Moreover, Xewlier

showed that if lime (CaO) and gilica (SioO.j) in the proportions iniliiate'l by t'

weights of combination in the first formula, be thoroughly mixed and subjected

sufficient heat, a product showing the hardening properties of Portland cement w
result. And further, if lime and ahiiiiiiia (Al._,Oa) be similarly treated, the prodt

will show the phenomenon of setting peculiar to Portland cement. His inference

that these two compounds may and do exist in various proportions in Portland cemen
and that there is no fixed or necessary ratio between them. In a cement analysi

iron oxide and alumina Sre usually reported together, 'and indeed ferric oxide

supposed to be analogous in its hydraulic effect to alumina. Hence it follows thf

in analysis high in alumina and iron oxide usually denotes quick setting propertie

while a cement high in silica is likely to develop great ultimate hardness. We ss

"likely," since rapid setting may be due to insufficient mixing or to underburnin
while slow setting in cement may be due to everburning. *

By a simple calculation involving the atomic weights of the elements concernei

it can be shown that the lime and the silica are in the ratio of 2.8 to 1 by weight i

the silicate; and that the lime and alumina are in the ratio of 1.1 to 1 in ti

aluminate. From this Newberry deduced his "hydraulic index" or ratio between tl

basic element on the one hand, ad the acid elements on the other. It is usually state

as follows : multiply the percentage of silica by 2.8 and the percentage of alumin
hy 1.1. Thte sum will be the maximum percentage of lime to be looked for in tl

cement.

The following analysis of a cement is taken at random from the directory i

American Cement Industries for 1904, p. 38.

Lime 62.30
Mague-sia 1 ,20
.^ilicB 21 .30
Aliunina.. 6.35
Oxide of Iron 2.00
Sulphuric Arid 0.9S
Loss on Ignition, .^llialies 4 52
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Now 21.30 + 2.8 — 6.95x1.1 = 67. 2S. This is seen at once to exceed the per-

ntage of lime (62.30) as given in the report. Without consider-ng the similarity

tween magnesia and lime, we find that the acid elements present are capable of

mbining with G7.28 units of weight of lime. That there are only 62.30 units '.-f

ne present according to the analysis is due partly to the fact that the formula

presents the maximum quantity of lime that will combine with the silica aa-.i

umina, and partly to the fact that the manufacturer cKoses to attempt less than

is maximum rather than run the risk of overliming his cement. There are othet

urces of error. The ash remaining from the process of burning passes into the

ment. This is largely silica and alumina, and of course operates to giAe the im

ession that the cement is overclayed. Then too, gypsum is always added to lengthen

e time of setting, and if this be reported as lime and sulphur irioxide, it w'll

crease somewhat the percentage of lime.

Tho pernicious ingredient in cement is free lime. If clay be in e.xccss its effect n
>t positive, since clay in cement is inert matter. Free lime on the otlier hand will

odnco dire results. In time through the action of atmospheric moisture or of watT
submerged, the lime slacks and the mortar or concrete of which it is a constituent

sintegrates and falls to p-eces. Experience, however, shbws that an excess of free

ne reaching one and a half per cent, is not likely to manifest any destructive ten-

incies. Still, manufacturers preferring to take no risks of overliming. usually allow

eir product to contain a small excesss of clay or sand.

Now it must be borne in mind that a chemical analysis of cement may not reveal

I true character as a material for construction. Ordinary analyses do not dis-

iguish between free and combined lime. A cement may be properly mixed, but
iproperly burned, in which case a chemical analysis would fail to detect the defect.

le past test to he described later, would be a much more reliable indication of the
lue of the cement.

COST OF CEMENT PLANT

The cost of a modern plant manufacturing Portland cement from marl and clay

ay be put at fifty thousand dollars per rotary kiln installed. This estimate includes

e cost of dredging and transporting the raw materials, that of wash mills, grinders,

irage tanks, rotary kilns, coolers, finished grinder and stock packing houses,

le equipment for power generation is included, and also the entire cost of erecting

itable buildings, everything to be modern and fir.st class. Assuming that the out-

it of each rotary is one hundred barrels per day, we have the investment in plant

five hundred dollars for each barrel of the rated daily capacity. Doubtless by th^j

stallation of some form of continuous upright masonry kiln, the cost might bj
nsiderably reduced, yet the wage account where such methods are employed is

ways much higher per unit of output, the amount of manual labor necessitated being
nsiderably greater.

Experience in Ontario and the United States has proved, and without a doubt
II continue to demonstrate that the higher profits in the cement industry are realized

those plants having a large capacity. It is the smaller manufacturers in Ontario
-day who find it most difficult to pay dividends in the present condition of the
ment market.

APPLIANCES USED IN MAKING CEMENT

Wash Mills

Washmills are usually built with concrete sides and bottom, and are circular,

sagonal or octagonal in form. The diameter is from eighteen to twenty feet, and
e depth is about eight feet. There is an upright centre shaft having horizonc.al

ms or spokes, which carry "drags," usually three in number. Washmills are em-
oyed for the preliminary mixing.
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Intermittent Kilns

Ot intermittent kilns, tlicre are two types, the bottle'" kiln and the Batchelor.

The former as the name would indicate, is in vertical section, shaped somewhat l=ke

•1 bottle. The outer structure is built of brick or stone, and the lining, on account

of the excessive heat to which it is exposed, is of fine clay. The fire is started on the

Bottle Kiln

sjrating below and when well under way, alternate layers of coke and dried slurry

are laid in. When the burning is completed, and the clinker allowed to cool, it >5

'•drawn.'' The processes of loading, firing and sorting the clinker all require con-

siderable skill, and of a kind, too, wholly born of experience.

The Batchelor Kiln

No attempt to utilize the waste heat from the firing chamber is made in the

bottle kiln. This in done in the Batchelor kiln. If we conceive a long covered arch^

way with a cement floor, annexed to the bottle kiln in such a way that the escaping
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gases are obliged to pass through it on their way to the stack, we have the principle

of the Batflielor kiln. The .slurry is pumped over this floor to a depth of a few inches.

t.nd while one charge is being clinkered in the furnace of the kiln, a second is being

dried on the archway floor. The Batchelor kilns are usually constructed in batteries

of six. having a single stack to which all flues lead.
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Dietsch Kiln. Half elevation, half section. A.—Loading port. B.—Heating chamber.
E.—Full charging port. P.—Burning chamber. K.—Cooling chamber,



1905 Cement Industry of Ontario 129

The Dietsch Kiln

The Dietsch. kiln is one of the continuous types. The "forewarmer" is really tho

lower part of the stack, there being here a shelf or ledge which prevents the mass of

slurry bricks above from falling down. The coal is charged into the furnace from the

floor beneath that from which the dried slurry is charged. The "drawing" is done
from below, every four or six hours, and to replace the material thus drawn, a fresh

supply is dragged by hand from the ledge above referred to. The kiln is provided
with suitable "ports" or "eyes" for firing and loosening the bricks when "hung up."

The Griffin Mill

This mill is used at some factories for grinding the finished product. It consists

of a steel ring against the inside surface of which a heavy steel roll is made to revolve.

This roll, by centrifugal force, exerts a pressure against the steel ring. Screens are

Grillin .Alill. i Butler's "Portland Cement.")
piovided so that the clinker when sufficiently ground can pass through, the coarser
particles, however, falling back again to the mill. The heavy roll above referred to
is attached to an upright pendulum-like shaft.

The Alborg Kiln

The general scheme in the Alberg kiln is similar to that of the Dietsch kiln.
There is, however, no ledge in the Alborg kiln. The narrowest portion of the kiln, or

9 M.



130 Bureau of Mines No. 5

"throat" occurs where the coal is charged into the kiln. Above this, the slurry bricks

part with their moisture, and below it, the firing takes place. Below the firing zod3

the cooling occurs. No attempt is made to utilize the waste heat.

The Rotary Kiln

The rotary kiln is simply a huge revolving cylinder of boiler steel set slightly on

an incline. The lower end is closed by a "hood" mounted on wheels, so that it can

be rolled back at pleasure. Through this hood passes the pipe which admits the fuel,

usually ground coal. The fluid slurry is pumped in at the upper end. Rotary kilns

have a capacity of about one hundred barrels per day, depending on the kind of

slurry and the length of the kiln.

Gates Ball Mill. Cross-section showing shields and screens. (Allie-Cbalmers Co.)

Ball Mills

Ball mills are employed to do the coarser grinding of the clinker only. They are

in the form of short cylinders revolving on their axes and containing a number of

large steel balls. The circumference of the mill is provided with overlapping "wearing

plates" and two sizes of screens. The material as it is reduced to sufficient fineness

passes through holes in the plates and through the meshes in the sieves, all particles

9a M.
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cot sufficiently reduced to pass the finer of the sieves being returned to the mill in

the process of revolving. The finer particles pass to a hopper below. Th* clinker is

fed in through one of the trunnions of the mill.

PATEN TED

Emery Mill ; cross .section . (The Sturtevant Co.

)

Rock Emery ^Millstone. ( Tlie f-'turtevant Co.

)

Sturtevant Emery Stones

These mills are used both for wet and dry grinding. They consist of two built-nxj

stones. The parts are of natural emery rock, and. are mounted as are the well-known

luhr stones at one time very common in flour mills. Emery grinding stones are

mounted vertically as well as horizontally.
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Tube Mills

Tube nulls are cylindrical in form, usually about five by twenty feet. They are

employed in both raw and final grinding. A tube mill must of course be lined with

some resisting material, usually silex stone, since it is partially filled with flint pebbles,

which accomplish the grinding of the clinker or slurry, as the case may be. As in the

ball mills, the feed is through one of the trunnions of the mill.

The Gates Crushers

The Gates rock and ore breaker is of the gyratory type, and is capable of crush' ug
from 75 to 125 tons per hour, depending on the size of the machine employed. TUj
size to which the rock can be reduced can be controlled at will within certain limits.

The axis of the mill is vertical.

The Mosser Tower Cooler

The Mosser cooler consists of a circular tank eight feet in diameter, and thirty-

two feet high, fitted with internal blast pipes and cones. The hot clinker is elevated

outside and dumped in at the top. The tank is supposed to be kept practically full

of clinkor, which is withdrawn from the bottom as fast as it is supplied at the top

A Mosser cooler will handle the output of four rotary kilns.

The Harris Pneumatic System
This system is employed for pumping all kinds of fluids including wet marl and

slurry. The accompanying figure is diagrammatic, but serves to illustrate the method.

The operation is as follows:

corfPje£S30S

TSllSf

A/«'/' Tanks II

- i¥ATCK SUPPLY

The Harris System of Marl Pumping. ( Pneumatic Engineering Co.

)

"Suppose the compressor to be in operation and the switch set as in the figure

The air will be drawn out of the right tank and forced into the left one, and in so

doing will draw the fluid into the former and force it out of ilie latter. The charge

of air in the system is so adjusted that when one tank is emptied the other is filled,

and at that moment the switch will be automatically thrown reversing the pipe con-

nections and thereby reversing the action in the tanks."
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CEMENT PLANTS OF ONTARIO

Following is a description of the various cement-making plants in Ontario, in-

cluding those in process of construction, as well as those actually in operation, at

teen by the writer at the close of 1904 and the beginning of 1905.

The Belleville Portland Cement Company

President A. Ansley.

„. „ -, , f John McGowan, M. P.
Vice-Presidents < .,.,, - ,

I Miller Lash.

Manager and Sec.-Treas J. W. McNab, Belleville.

Works Point Ann, Ont.

Authorized capital |2,500,000.

That this company will begin the manufacture of cement with a singularly

valuable asset in the shape of natural opportunities is at once manifest. These natural

opportunities are, first, almost inexhaustible deposits of raw materials conveniently

situated; secondly, a good harbour, and thirdly, first-class shipping facilities by water.

The Belleville Portland Cement Company, unlike any of its competitors in Ontario,

proposes to use limestone and clay as its raw materials, and for this purpose is rapidly

carrying to completion extensive works at the Point Ann peninsula, on the Bay of

Quinte, some four miles east of the city of Belleville. The works are connected with

the Grand Trunk Company's line at Belleville station by a standard Kaugc track, for

the construction and operation of which a railway charter was obtained. The lime-

stone is exposed in most places and comprises an area of 386 acres. The deptti,

ascertained by borings, is known to be upwards of thirty feet. The clay is found on

the same property, part of it indeed but a few hundred feet from the plant. Other

deposits are on the line of the company's railway, so that delivery without freight

charges will be assured. The total clay area is in the neighborhood of 40 acres, and

runs to a depth of sixteen feet in places.

The limestone will be brought to the works by narrow gauge tracks, and will

receive its preliminary treatment in two Gates gyratory stone crushers, each having

a capacity of forty tons per hour. Five Sturtevant crushers of the coffee-mill style

will next take charge of the stone, reducing it approximately to a quarter-inch mesh.

The clay also will be brought from the beds by narrow gauge cars, and will be

first passed through a rotary drier. This consists essentially of a cylinder of boiler

plate sixty feet long, five feet in diameter, and partitioned longitudinally by plates

which divide its cross-section into quadrants. It is made to revolve on its iaxis,

which is placed in a position nearly horizontal. A furnace is built at the lower

end in such a way that the waste gases therefrom must pass through the cylinder on

their way to the stack with which the upper end is connected. The clay is fed into

this upper end through the rotary motion of the cylinder, and is finally discharged from
the lower end, having come in contact with the hot furnace gases in its progress

through. Ordinary soft coal will be the fuel employed at the Belleville plant. TLs
ciushed rock and clay will then be mixed in proper proportions by specially constructed
weighing machines, after which they will be together passed through a second dr'er

i'ientical with the first. The object of this is to still further reduce the moisture
present in the clay, and to remove any surface or other water adhering to the stone.

Screw conveyors will carry the material to a storage bin in the mill room of five

hundred tons capacity. As desired, it will be admitted to Griffin mills preparatory
to being still further reduced in the tube mills. The Griffin mill to be employed is a
modification of the well-known American Griffin mill, is made by Mr. A. D. Griffin

01 Gait, and is known commercially as the "Senator."
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Two tube mills will complete the raw grinding, it being estimated that these will

have a combined capacity equal to that part of the plant previously described.

The ground limestone and clay, at this stage reduced to a fine powder and inti-

mately mixed, will be transferred by screw conveyor to the kiln room where the process

cl clinkering is to be carried out. This room is supplied at present with four rotary

kilns, each sixty feet long and seven feet in diamefer. They are set on a slight

incline, and the material to be calcined will be fed in at the upper end, and the ground

coal for fuel at the lower. As in the process of drying, the material, now white-not

clinker, will be discharged at the lower end of tie kiln. Here it will be received into

rotary coolers—one for each kiln. These coolers are analogous in construction to

the rotary driers, and are similarly longitudinally divided, but are not lined in *ny
way.

A feature of this plant is the method employed of utilizing the heat of the com-

bustion gases from the rotary kilns. Adjacent to the upper end of each kiln i><

installed a 450-h. p. Babcock and Wilcox tubular boiler. The gases from the kiln

prior to being discharged into the open air will pass down and through a brick arch

and underneath the boiler. These gases will be at an estimated temperature of

2,000" F., and their surcharge of heat will be utilized to make steam for the develop-

ment of the power for operating the plant. AVhen necessary, the heating of these

boilers may be supplemented by stoking. The designers estimate that seventy per

cent, of the power required will be generated in this way. When it is remembered

that the mere act of converting one pound of water at boiling temperature into

steam at the same temperature requires 536 times as much heat as to raise a pound
of water through one degree, it will be understood that the waste gases in any system

of dry burning will be at a much higher temperature at exit than where fluid slurry

13 rsed. A recognition of this principle led to this mer;>od of using what would

otherwise have been a great waste of onergy.

Another exemplification of economy in design is the use of the heated air from the

rotary coolers to produce the combustion of the ground coal in the rotary kilns. This

air heated to a moderately high temperature through coming in contact with the

white-hot clinker, will be drawn into the kilns, and this heat will be of assistance in

producing the intense temperature required in the process of clinkering.

The clinker, after being discharged from the coolers, is conveyed to the grinding

room, the final and raw grinding being accomplished under the same roof. T\ue

ground cement wlil be stored in a stock house 100 feet wide aud 500 feet long, con-

venient for shipping either by boat or rail. Two docks, one for the unloading of coal,

and the other for the shipping of the cement, have been constructed and afford a
depth of seventeen feet of water.

The power equipment consists of a COO-h.p. Corliss tandem compound engine,

inade by the John Inglis Company, direct connected with an eight-inch line-shaft.

This drives all the machinery in the mill room. In addition, there is a 400- k. w
Westinghouse steam turbine direct connected to a generator which operates every-

thing else. An emergency engine of 150-h. p. is also provided. The whole steam
plant will be condensing, the water being supplied by centrifugal pumps. Individual

motors are largely employed throughout the works. The management look forward
to the utilization at some future time of the power of the Trent river. This powjr
could be developed and transmitted electrically possibly at a less cost than steam at

the works.

A fuel building has been erected. Griffin mills will be employed to grind the coal.

The initial capacity will be one thousand barrels per day, but provision has been made
for its ultimate increase to two thousand five hundred barrels by the addition of more
machinery.
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The Canadian Portland Cement Company, Limited

President E. Walter Rathbun, Deseronto.

Managing Director F. G. B. Allan, Deseronto.

Works Marlbank and Strathcona.

Brand ''Star."

Capitalization $1,600,000.

Messrs. Rathbun & Co. were among the first to attempt the manufacture of

Portland cement in Canada. Their first plant at Napanee Mills, now Strathcona, on

the Bay of Quinte railway, manufactured natural cement from 1880 to 1897, the

material being found in the Trenton limestone of that locality. The company's first

experiments in the manufacture of Portland cement from marl were made about 1886,

and were continued for five years at great expense before any very encouraging

results were obtained. As a commercial enterprise in Ontario, this industry therefore

really dates from 1891. At that time, the Rathbun Company had erected at Napanee
Mills, three upright masonry kilns for the burning of Portland cement, the marl

being oLtained from Marlbank station, thirty miles from the plant. The clinker in

those days was broken in jaw crushers and "edge runners," and received its final treat-

ment in the buhr stones. These methods have been completely superseded in Ontario

by others which have proven more economical and more efficient, but it musB be

granted that the well-nigh perfect processes now in vogue are the evolution of the

defective methods of the pioneers in the industry, to whom for energy and persever-

ance, we of to-day owe a debt of gratitude.

A company organized under he title of the English Portland Cement Company,
began the manufacture of Portland cement at Marlbank about 1891. In 1898 the
Beaver Cement Company of Montreal, with capital furnished principally by Phila-

delphia people, took over this plant and operated it until 1900, when the Rathbun
Company's interests were amalgamated with the Beaver Cement Company's, the result

being the Canadian Portland Cement Company.

THE STRATHCONA PLANT

The Strathcona plant during the past year did nothirig except grind a part

of the clinker produced at the Marlbank works, and the probability is that its mixing

and burning appliances will not again be called into requisition. A brief description

of these may be read with interest.

The clay and marl were mixed in a rotary washmill thirty feet in diameter, ground
in a tube mill and pumped to the storage vat twenty feet in diameter and eight feet

deep, where the slurry was tested and adjusted. Part of this was then dried in three
rotary Cummer driers, from which it was conveyed to the pug-mill. Here the dried

slurry was mixed with sufficient wet slurry to produce a batter that could be made into

bricks in the brick machine. These bricks were loaded on to cars provided with racks

and pallets, and run into the drying tunnels. These tunnels are one hundred feet

long and hot air was continually being drawn through them. The process of drying

occupied two or three days, at the end of which time the cars were taken from the

other end of the tunnels, and the bricks conveyed to the kilns. There are two con-

tinuous Dietsch kilns, two continuous Alborgs, and two intermittent bottle kilns.

The fuel used for those of the first and second types was soft coal, but for the latter,

coke exclusively was employed. The cement made in these bottle kilns was usually of

excellent quality, and was of a peculiar bluish gray color, which formerly was generally

regarded as superior and is still preferred by some. These kilns had a capacity of one

hundred and twenty-five barrels each per burning, which was of three or four days'

duration.

The grinding is now done in two ball and three tube mills installed in 1896.

Power for this purpose is transmitted from the steam plant to the grinding building.
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a distance of three hundred feet, by rope drive. The company has its own fire-fighting

appliances, and maintains a laboratory where daily physical tests on the cement are

made. The brand here as at Marlbank is "Star," but a silica cement is also manu-

factured. This is made by adding to the cement in the process of grinding a quantity

of quartz sand, which is also subjected to abrasion in the tube mills The output at

Strathcona is four hundred barrels per day.

1

The Canadian Portland Cement Co., Strathcona. The rectangular stack to the left is

that of two Dietsch kilns. The two to the right belong to two Alborg kilns. The three
low kilns in the foreground are of the interniittent " bottle" type.

THE MARLBANK PLANT

This modern plant is situated at the village of Marlbank, on the Bay of Quinto

railway, twenty-five miles north of Strathcona. At present, its mixing and burning

capacity is sufficient to keep employed the grinding plants at both Marlbank and

Strathcona, the clinker being shipped from the former by rail.

Marl and clay are the raw materials and are at present obtained from Dry lake,

adjacent to the works, the water having been lowered for the purpose. From ten

to twenty feet of marl is found beneath the water, and below this in turn is the clny

varying in depth from ten to twenty feet. A locomotive and train of cars is constantly

employed in hauling the materials from the movable dredge to tTie works. In addition

the company has two other very convenient sources of materials, namely. Lime lake

and White lake, the laffer comprising some eight li/undred acres. It is safe to say

that there is here sufficient material to last several hundreds of years at the present

rate of consumption.

The marl and clay are dumped into the washmill's, of which there are three

—

one for the clay and two for the marl. The ingredients work through gratings into

chambers, from which they are pumped into measuring cylinders. Of these there are

two, one for the clay and one for the marl. These empty into a common tank, from
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which the supply for the raw grinding machine—tube mills and Sturtevant emery
stones—is drawn. Following the grinding, the slurry is conveyed to receiving tanks,

where it is tested, and if necessary, corrected by the addition of the constituent

lacking. Pumping from these tanks to large steel or concrete storage tanks, ten in

e11, having a united capacity of two thousand five hundred barrels, where the mix
13 again tested, completes the preparation of the material. To prevent settlement of

the heavier part of the mixture, air under a pressure of nine;y lbs. per square inch

is carried down vertical pipes to within a few inches of the bottom of the storage

tanks. This keeps the slurry in a state of constant ebullition, and is found to be

a most successful method of attaining an end much desired.

A floor trough with its axis perpendicular to the axes of the rotary kilns ani
almost directly beneath their high ends, receives its supply from any or all of tha

storage tanks as desired. A revolving "beater" running the entire length of the

The Canadian Portland Cement Co., Marlbank plant. In the little " bottle " kiln shown
in this picture was manufactured the first Portland cement made in Canada.

trough prevents settlement of the slurry prior to its being pumped into the kilns.

The pumps have adjustable crank pins, so that the length of stroke, and consequently

the quantity of slurry pumped is under complete control.

The Marlbank plant has nine rotary kilns, four being ninety-five, and the remain-

ing live sixty feet long. The longer ones on the whole give the better satisfaction, and

o of course have a much larger capacity per diem.

Ground coal is blown in at the lower end of the kilns, the speed of the kilns as

well as the fuel supply being controlled by Mosser cone speed-regulators. The coal

preparation plant consists of two forty-foot rotary driers, a Smidth ball mill and three

tube mills in the order named. The clinker is elevated from the kilns and has 'ts

heat abstracted in four Mosser coolers, after which it is ready for the grinding room.

Grinding is done in two No. 7 Smidth ball mills and a Smidth kominuter, the two

being similar in principle. Tube mills complete the grinding of the cement, and a-
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is usual with these machines, they are lined with silex (flint) stone. The product from the

freliminary grinding is admitted through the trunnion, and is discharged at the

opposite end. A conveyor carries the finished cement underneath the Bay of Quintrs

twitch to the storehouse on the opposite side.

The power required is supplied by a Wheelock tandem compound six hundred

hcrse power condensing engine, two others of the same style of three hundred and
fifty horse power each and an "Ideal" for electric lighting purposes. The plant is

provided with a machine shop equipped with all machines necessary for making
ordinary repairs, a brass foundry and a most complete laboratory and assay office.

A library and comfortable reading room supplied with magazines and current litera-

ture is provided for the entertainment of the workmen. The capacity of the plant

is one thousand three hundred and fifty barrels per da^-. "Star" cement enjoys a

favorable reputation, and is marketed from coast to coast.

The Colonial Portland Cement Company
President Elbert L. Buell

Vice-President K. Young Jackson.

Secretary-Treasurer David A. Wright, Wiarton, Ont.

Authorized capital 5800,000.

Work.* Wiarton.

.General view, The Colonial Portland Cement Co
.

, Wiarton

.

The plant of the Colonial Portland Cement Company is located on Colpoy's bay
or the outskirts of the picturesquely situated town of Wiarton, and is in a fair way
to early completion. The Grand Trunk railway has extended its lines to the plant,

and thus the company is in a position to ship by rail as well as by water. A shipping
dock 800 feet long founded on piles and cribwork, and rendering available a depth
of water of 14 feet has been constructed. This is provided with a tramway which

runs from the boats to the mill.
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The properties owned by the company which afford a supply of raw materials are

in two separate localities. The first of these, portions of lots 9, 10 and 11, concession

2i and 23 of the township of Keppel, is but a mile and a half from the works. It is

a marsh-like area, capable of easy drainage, and comprises one hundred and eighty-

nine acres, with a depth of marl running to five feet. Clay underlies the marl. A
groiTth of peat a few inches in thickness will necessitate a little preparatory surface

stripping. A line of railway to connect this deposit with the works is in process of

construction by the company. The gradient to the plant is falling throughout, thus

facilitating the carriage of materials to the mill.

The second area available is known as lake Scales, and is four miles from the

plant. This lake is extremely shallow, having less than two feet of water. The area

is 205 acres, and the depth, of marl is from five to twenty-seven feet. As in tha

The Colonial Portlami Cement Company. Rotary kiln. The lower portimi is the kihi

proper ; the upper is the dryer.

previous instance, a stratum of clay underlies the marl. This has a depth of two

to eight feet. A survey of the lake has been made with a view to ascertaining the

quantity of marl available. This has been estimated at four million cubic yards. Tn

addition there is a quantity of shale obtainable from White Cloud island convenient

to the works, which investigation has shown, will be extremely useful in the process

of manufacture.

From a trestle work on the company's line, the raw materials can be dumped

conveniently for handling at the beginning of the process. The marl will pass througn

Uonnat separators which remove stones and other debris. Then it will pass to n

concrete storage pit. The shale if employed will be reduced in some form of crusher.

After proportioning, the two materials will be mixed with the necessary quantity of

water in Bonnot pug mills of four cubic yards capacity each, after which the mi.K will

Le transferred to storage pit number two. The separation of the ingredients is here

prevented by rotary blade agitators. The raw grinding will be done in tube mills to
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which the slurry will be pumped from the storage pit. From the tube mills it is

discharged to storage pit number three, and is thence pumped into the storage tanks
which supply the kilns. These storage tanks, of which there are three, are of con-

crete construction with external batter faces. The walls are reinforced peripherally by

imbedding a series of strands of steel rods seven-eighths inch in diameter. The
intention is to have one tank filling while a second is being corrected, and the re-

maining one is being drawn on for the kilns. Compressed air will be employed here

to agitate the slurry.

The rotary kilns installed by the Colonial Cement Company present some features

peculiar to themselves. The kilns are of a length over all of 105 feet, but are in two
separate parts, each capable of its own independent motion. The upper portion into

which the slurry is pumped from a transverse trench is known as the "drier" and is

forty-five feet in length and five feet in diameter. A brick pier provided with bo

internal chute or incline leading from flie lower end of the "drier" to the upper end
of the kiln proper separates the two portions of the kiln. The result is that the axes

of the two portions are not continuous the one with the other, but parallel, that of

the kiln proper being slightly lower. The kiln proper is sixty feet long and seven feet

in diameter. Four kilns are at present in place, and room for four others has been

r rovided.

The clinker will be conveyed to Mosser tower coolers, from which the hot air is

drawn by suitable fans and passed into the upper or drying portion of the kiln. Here

it assists the gases from the kiln in the process of water expulsion. To further hasten

the process of drying, a series of sections or tumblers have been riveted to the interior

of the "drier." These will the better expose the fluid slurry to the action of the hot

air and gases. It is estimated that the mix will be reduced to a twenty per cent,

moisture condition when it leaves the drying portion of the kiln.

The clinker grinding apparatus has not yet been installed, but will probably bK

a battery of Griffin mills. Ground coal will be the fuel employed in the kilns, and an

pttempt will be made to instal a dust proof coal drying and grinding system.

Power will be supplied from three cross compound condensing engines of 400-h.p

each. One will transmit to the dry grinding plant through a rope drive, and tha

ether two will be direct connected with Fulter-Westrom Swedish generators. A
battery of four Stirling water tube boilers made in Barberton, Ont., supplies the

steam. Individual motors will be generally employed. The company's prospectus

anticipates an ultimate output of one thousand barrels per day.

The Grey and Bruce Portland Cement Company

President Jas. McLaughlin.

Vice-President John Lind.

Secretary-Treasurer A. D. Creasor, Owen Sound.

Authorized capital fSOO.OOO.

Works Brookholm, Ont.

Brand 'Hercules."

Like the Sun Portland Cement Company, the Grey and Bruce syndicate began

manufacturing by the dry process. The change to the wet slurry system was made
in September 1904, and has proved satisfactory, a more uniform mixing, and a better

brand of cement being obtained. Further, under the old order of things, elevators

were constantly getting choked with dust, and journals and other moving parts sub-

jected to incessant wear.

Marl is obtained at Shallow lake, on the Harriston and Owen Sound branch of the

Grand Trunk railway, some nine miles distant. At present, it is shovelled into flat

cars, which are hauled in by the G. T. R., but the company contemplates putting in

a dredge. Blue clay, obtained a quarter of a mile from the works, is blasted with
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dynamite and teamed to the mill. The construction of a narrow gauge track from

the works to the clay pit is another contemplated improvement.

The company have constructed a coal and shipping dock on the bay, and this

together with suitable piers and elevated trestles facilitates the economical handling

ot raw materials, coal and the manufactured article.

From the elevated trestle the marl is conveyed in narrow gauge cars each of one

cubic yard capacity, to the washmill. The clay is stored under a roof, and is weighed

into the crusher, which in turn discharges into the washmill. In the opinion of the

superintendent, however, quite as good results will be obtained without crushing the

clay, and hence this part of the process may shortly be abandoned.

The washmill is of concrete, octagonal in form, and is supplied with three drags.

The mix gradually works through a grating into a pit, from which it is elevated t'>

two pairs of Sturtevant vertical emery stones. From here it is pumped to the storage

tanks, four of steel and one of wood, which supply the kiln trough. This pump h
a double cylinder one, and it is so arranged that pumping may be done into any one

of the five. The slurry is tested when a tank is nearly full, and is not used until th'S

mix is satisfactory. A tank of slurry can be corrected in the space of half an hour.

Compressed air is used to agitate the slurry. The method of piping compressed air

into the trough beneath the kilns has recently been abandoned in favor of a screiv

agitator. One of the three kilns is seventy feet long, the others being but sixty.

These were supplied by the Vulcan Iron Works Company of Wilkesbarre, Pa., and by

the Bonnot works. The speed of the kilns and the supply of ground coal are both

controlled by Reeves' drives. The clinker is elevated from the kilns and conveyed to

the clinker room, where it is allowed to cool in air. No mechanical cooler is employed.

The grinding is done in Krupp ball and tube mills. Before being admittted to

the first of these mills, the clinker is weighed. The cement is finally conveyed to the

stock room where the packing is done. The company ships in barrels, and in paper

and cotton bags.

The coal is first crushed between rolls, passed through a rotary Cummer drier and

then ground in a Griffin mill. Power for the plant is supplied by a 450-h. p. Jerom.e-

Wheelock compound tandem engine, made by Goldie and McCuUoch of Gait, and n

150-h. p. "Ideal" for electric lighting. '

The company has purchased upwardsof 400 acres of marl deposit, of which the upper

seven feet are said to be of goor! quality. Below this, the quality seems to deteriorate.

The result is that while a good grade of cement is possible from marl taken from

greater depths, the expenses of manufacturing are considerably higher. Six acres

of clay of a depth of fifty feet is the available supply at present. No surface stripping

is necessary, although in the case of the marl, about one foot of peat has to be re-

moved. The present output is 200 barrels per day, but with the addition of two moro

kilns and the necessary storage tanks and grinding machinery, the capacity will

doubtless be doubled. The buildings are of limestone and brick. All machinery is sup-

ported on massive piers. A properly equipped laboratory is maintained, and »

competent chemist employed.

Hanover Portland Cement Company

President and Managing Director D Knechtel, Hanover, Ont.

Vice President Jas. H. Adams, Hanover, Ont.

Secretary-Treasurer and Manager Milton J. MUter, Hanover, Ont.

Authorized capital $500,000.

Works Banover, Ont.

Brand "Saugeen."

This company has been manufacturing Portland cement since the summer of

1S98. The works are situated on the Saugeen river convenient to a waterfall which

supplies a maximum of five hundred horse power during four months of the year
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For the development of this a suitable power house has been erected. Two Samson

turbines and a generator have been installed, and the power electrically transmitted

to the works, a distance not exceeding a quarter of a mile. It has been found

necessary to supplement the work of the turbines during the dry season, and for this

purpose steam is employed.

The Hanover Portland Cement Company. General view of works. The rectangular stack

in the picture belongs to the Batchelor kilns.

In the township of Brant, a mile and a half from the works, are situated the

company's marl deposits, comprising 150 acres of a depth of sixteen feet. The surface

is covered with a growth of peat from six inches to a foot deep. Clay underlies the

marl deposit, but is also found in the hill adjacent to the plant in sufficient quantiry

for the entire marl available. This supply is at present being used. The marl ?s

raised by clam-shf^''. 'Iredge, filled into specially constructed dump cars, and hauled

to the mill by a lov emotive on a three-foot gauge track. The clay is filled into carts

by hand ana teamed to the mill, a distance of only a few hundred yards.

The marl is dumped in measured quantities from the track trestle into a wash-

mill, into which the clay is also weighed. Following this, the grinding is done in

tmery stones and the slurry stored in two tanks each of one hundred and fifteen

barrels capacity. Rotary stirrers in these tanks prevent the separation of the

materials.

The burning is done in eight kilns of the Batchelor type elswhere described. The

•lurry is piped to the drying floors beneath the arches leading from the kilns to the

stack, and when sufficiently dry is moved forward to the burning chamber by hand.

The arches are 45 feet long and the interior diameter of the kiln proper is about

nineteen feet. Twelve furnaces on an average are drawn per week from the eight

kilns.
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Grinding of the clinker is done in Smidth ball and tube mills, a jaw-crusher

being employed for the preliminary reduction. A belt conveyor carries the finished

cement to a store room of twenty thousand barrels' capacity. Packing is done

entirely in bags. The outcrop of the plant is two hundred barrels per day.

Hanover Portland Cement Co. Tlie chemical laboratory.

The Imperial Portland Cement Company

President M. Kennedy.

Secretary-Treasurer J. W. Maitland, Owen Sound.

Authorized capital S>250,000.

Works Owen Sound.

Brand "Imperial."

The semi-wet method of mixing renders the process of making "Imperial" cement

quite dififerent from most of those at present in vogue in Ontario, though quite

similar to that in use at Strathcona until a year ago. The clay is first passed between

a pair of plain rolls driven at different speeds. Then it is dried in a rotary Ruggles

machine, from which it is conveyed to the emery stones, which reduce it to a powder.

A Ruggles drier consists of two cylinders made of boiler plat*, with a common

axis, this axis as is usual with rotary driers being set on a slight incline. A furnace

for the reception of the fuel—slacked coal in this instance—is provided beneath the

lower end. The furnace gases pass down the inner tube, and are then admitled to the

annular space between it and the outer one. They return by this passage to ;he

stack immediately above the furnace, and in so doing come in contact with the material

to be dried, which is admitted to this same passage from the upper end. Channel

irons are rivetted to the outside of the inner cylinder and to the inside of the outer,

and the revolving motion given to both insures to the material a thorough tossing

and consequently, a pretty complete drying.
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After grinding, the clay is stored in three tanks provided with hopper scales,

by means of which it is weighed into the "mixing pan," into which the marl after

being weighed is also dumped. This "mixing pan" is in the form of a shallow
cylinder and has a vertical centre shaft. This shaft carries two horizontal arms con-

stituting virtually a diameter of the so-called pan. The extremity of each arm is the

axle of a ponderous wheel or roller which through tlie rotary motion of the upright
shaft is made to take a circular path also around the bottom of the pan.

Part of the mix from the pan goes through a second Ruggles drier, the rest goiug
at once to the pug mill, and from it to the brick machine. The object of drying a

portion only is to enable the operators by mixing the dried material, with the un-

dried to secure any desired plasticity at the exit from the pug mill. The bricis

machine is provided with an expression screw and a nozzle measuring ten inches by
four and a half inches. From this nozzle a constant "stream" of stiff mortar-like

slurry is delivered to a carrying belt. An operator with a wire "cutter" chops this

"stream" into bricks four or five inches wide. These bricks are then loaded by hand
on ears having suitable frames which are run into drying tunnels one hundred feet

long. Of these, there are fourteen. Each tunnel can accommodate fifteen cars. Hero

the bricks for some thirty hours are exposed to a blast of hot air supplied bj' two

forty-eight inch fans. At the end of tliis time they are quite dry, and the cars are

run out and elevated with their load of bricks to the charging floor of the Alborg

kilns. There are four of these kilns, and from the highest floor the bricks are charged

into the furnace. On the next floor the stoking is done. The burning takes place

largely below these fire-holes, and the cooling below this in turn.

The clinker is drawn from below four times in twenty-four hours.

The grinding of the clinker is done in Smidth ball and tube mills. Packing is

done in bags and barrels by hand. The capacity of the plant is three hundred barrels

per day, and the cement is marketed chiefly in Ontario and the Canadian west.

The marl is obtained from Williams lake, in Holland township, a distance of

thirteen miles from the plant. The area is one hundred acres, and the depth exceeds

thirty feet on the average. It is brought to the works by the Canadian Pacific railway.

Both red and blue clay are used, the former being a quarter of a mile from the works

and the latter across the bay, on which the company has constructed a good shipping

dock. In this latter place there is a deposit of one hundred acres in extent.

The management are contemplating some radical changes in the plant with a

view to adopting the wet system of mixing.

The International Portland Cement Company
President W. F. Cowham.
Vice-President A. F. MacLaren, M. P., Stratford.

Secretary P. W. Stanhope, Toronto.

Treasurer D. Jamieson, M. D., Durham.
Authorized capital $1,000,000.

Works Hull, Que.

Though not situated in Ontario, being just across the Ottawa river at Hull, in

the Province of Quebec, these works, at present in process of erection, are largely

owned by men interested in cement manufacture in Ontario, and when completed,

will be the largest in Canada. Like the Belleville plant, this one will use limestoae

instead of marl, both it and the clay being obtained in practically the same place.

The company has acquired an area of over four hundred acres, three hundred of which
is limestone sixty feet in depth, the remaining being clay. The limestone is said to

be remarkably uniform in composition at all depths, varying scarcely more than one

per cent, in lime content.

The plant is being erected on the shore of lake Leamy, near the city of Hull,

which without much cutting can be connected by navigable canals with the Gatineiu

and Ottawa rivers.

10a M.
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A unique feature of the etiuipment is the method to be adopted in bringing the
raw materials from the quarry and clay beds to the works. Huge wooden towers hai-e

been erected, two at the raw material buildings and other two at points where th.3

limestone and clay can be loaded for transportation to the plant. Stout cables have
been stretched from top to top of these towers, and from the cables cars will be swung.
The raw materials will thus be rapidly and cheaply transported to the null. The span
letween the towers for the limestone is sixteen hundred feet, and between those for

the clay, eleven hundred.

The clay will be first passed through a disintegrator, and thence conveyed by

inclined belt upward to two rotary driers sixty feet by six. By a screw conveyor, 't

will pass to an edge runner, and by elevator to the clay storage room, a biTilding 110

by 56 feet, and having a capacity of seven thousand tons, equal to four months' con-

sumption. This storage room has a tunnel underneath into which sixteen hoppers from

the room above can discharge. In this way, clay from any part of the building may
be drawn on for the daily needs of the kilns, the supply for which is always taken

f'om below by screw conveyors located in the tunnel. Measuring hoppers constructed

on a telescopic principle so that their capacity may be altered as desired are employad

here to measure volumetrically the clay prior to its being admitted to the Gates lube

mills. The output of these tube mills will be of sufficient fineness to pass ninety-five per

cent, through a nuniCer one hundred sieve. The material will be next elevated •'o

hoppers which feed the rotary kilns.

The limestone will be brought to the mill by a device identical with tTiat b>

which the clay is to be handled. A large Gates' crusher will first reduce the rock to

a li-i'ich size, after which it will be sorted in a revolving screen ; that which is

lejected by the screen will go through a second Gates' crusher, after which it and the

finer size from the first crusher will bo conveyed to the stone storage room. The

CI ushers are to be driven by individual electrical motors.

The stone storage room is of design similar to that of the clay storage room, and
has the same style of drawing tunnel underneath. A bucket conveyor completely sur-

rounds the room, passing through the tunnel underneath. A "tripper" at the roof

is mounted on a track so that the stone can be discharged wherever desired. Surface

water on the stone running to perhaps 1^ per cent, is removed by rotary driers

similar to these employed to dry the clay. After being dried, the limestone will be

conveyed to hoppers, which in turn will feed the Krupp ball mills which are to reducj

the stone to 20-mesh. This grinding will be completed in the tube mills.

The burning will be done in a battery of eialit rotary kilns each sixty feet long.

Provision will be made to utilize the heat from the rotaries in warming the buildings.

The clinker will be cooled by drawing a blast of air over it after it drops from the

rotary kilns. The heat thus evolved will be employed in drying the coal.

The clinker grinding will be done in ball mills and tube mills. Most complete

arrangements for handling the clinker, for transporting to and from the grindinf?

machines, and for storing and packing the finished product, are being made. The
total floor space will be three and a half acres. The buildings are of a most substantial

character, the foundations being concrete, and the walls up to ten feet from tho

ground being artificial stone. Expanded metal is largely employed for the upper

portions of the walls and for the roofs.

Coal for fuel in the rotaries, as stated above, is first dried, then crushed, an:l

finally ground in tube mills. The store room for crushed coal is 200 feet by 48 feet,

and has a very complete type of continuous conveyor that can be used either for filling

or emptying.

Power will be obtained from one of the Hull water power companies at tha
low price of $15 per horse power per year. This is a factcr which will no doubt con-
tribute to the economical operation of the plant. In addition to this, the company
has purchased the water rights and lands necessary for the development of a fine water
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power on the Gatineau, known as the Cascades. It is said that at low water over

14,000 horse power are here available, and that the expenses of development will not

be excessive.

Regarding shipping facilities, the prospectus of the company has this to say

"The two raw materials lie side by side and distinctly separate from each other at

the connection of the Canadian Pacific railway, the Canada Atlantic railway, the New
York and Ottawa railway, the Ottawa and Prescott railway, the Northern and Western

railway, the Rideau canal, and the Gatineau and Ottawa rivers."

The company expect to begin manufacturing operations during the summer of 1905.

The Lakefield Portland Cement Company

President J. M. Kilbourn.

Vice-President R. P. Butchart.

Secretary-Treasurer K. A. Kiiboum, Laketield,

Authorized capital $1,000,000.

Works Lakefield, Ont.

Brand Monarch."

Ont.

The Lakefield Portland Cement Co., Lakefield. General view of plant.

The Lakefield Portland Cement Company, Limited, began manufacturing on the

2nd day of January 1902. For the purpose of getting access to some eight hundred

acres of submerged njarl in the township of Douro, the company drained Buckley's

lake, which is one and a half miles from the village of Lakefield,th5 site of the works.

The marl is transported this distance in the company's own steel dump cars, hauled

by its own locomotives over its own railroad. Clay is obtained from Lily lake in tht

township of Smith, on the Midland division of the Grand Trunk railway. It covers

an area of twenty acres and varies in depth from five to fifteen feet.

Excavation from both deposits in carried on by means of immense steam-operatsd

hydraulic elevators, which, plying on a track of fourteen feet gauge, are self-propelliuij

and lift, carry and lay their own track in thirty-feet sections. Each will load, under

favorable conditions, a thirty-ton flat car in seven minutes. The marl averages nino

feet in depth, but reaches twenty feet in places.
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In a single rotary washmill, the raw materials are given their preliminary mixing.

This mill consists of a cylindrical basin eighteen feet in diameter, provided with two

feeding chutes, one for marl and one for clay at opposite sides. The former is measured

by volume ; the latter by weight. The basin is provided with a vertical centre shaft

that carries horizontal arms to which heavy "drags" are attached. The shaft is made

to revolve and the mixing of the two materials is thus more or less completely accom-

I-lished. To secure a still more perfect incorporation of the two ingredients, the mix

is passed through emery grinding stones and thence to tube mills. Unlike many others,

tfese mills are lined with wooden blocks sawn to the proper arc, which may be easily

ren-oved and replaced by others when worn. Six cylindrical concrete and six wooden

storage vats receive the slurry after the raw grinding is completed, the method being

to test and correct the mix in each before admitting to the kiln pumps. It is S''

crranged that any one tank ar any number of tanks may be receiving slurry at any

time, while the supply for the rotary kilns is drawn only from those in which the

mixture is known to be correct. Sufficient slurry for forty-eigEl hours' burning may

be easily stored here.

As in another plant previously described, a trough transverse to the axes of the

kilns receives the slurry from the storage tanks. The method of agitating by com-

pressed air is employed here, as it is in the storage tanks, and is reported as being

eminently efficient.

Pumps supply the rotaries, of which there are six, three being sixty feet and
three one hundred feet long. The former revolve at the rate of sixty revolutions per

niinute, and the latter at about forty. The upper ten feet of the length of each kila

has large channel irons rivetted on the inside of the kiln longitudinally. These servd

by tossing the semi-fluid slurry, the better to expose it to the hot gases, and assist)

in the expulsion of the water. The shorter kilns are said to give the better satis-

faction. The usual methods of controlling speed, feed of slurry and of ground coal

to the kilns are employed here.

The kilns discharge into a horizontal conveyer, and the clinker is ultimately

elevated and admitted to rotary cylindrical coolers. These are provided also with
channel irons rivetted to the inside of the cylinder. Cool air is drawn through thew
coolers, and after taking up the heat of the clinker, is delivered by blower to the
ground coal kiln feeders.

The grinding of the clinker is accomplished by ball and tube mills, both Krupp
and Bonnot makes being employed.

Slaked coal is dried in a revolving drier, and then pulverized in Raymond vertical

piills.

Power is obtained from lock No. 3 of the Peterborough-Lakefield section of the
Trent canal, three miles distant, and also from Young's Point, five miles from the
plant. Generators are provided at each place, and the electrical energy wired to th

»

place of consumption. These powers are constructed to operate jointly or sino-ly an.)
either is capable of carrying on the work of manufacture, so that a "shut-down" of
the works on account of lack of power is never feared.

The output is between six hundred and seven hundred barrels per day. Export
of cement and importation of coal for fuel are as yet almost wholly by rail, but th^-

completion of the Trent canal will undoubtedly mean the utilization of water for both
purposes to a very great extent.

The National Portland Cement Company
President W. F. Cowham.
Vice-President A. F. MacLaren, M. P.

Superintendent H. H. Farr, Durham, Ont.

Authorized capital %1,000,000.

Works Durham, Ont.

Brand "National."
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The National Portland Cement Company began tlio manufacture of cement early

in 1903. The works stand at the bottom of a rather steep declivity, and the railway

supplying the raw materials is continued from the plateau on a level steel trestle over

the storage rooms, thus facilitating the unloading very materially.

National Portland Cement Co., Durham.^ General view of.works.

\V ilder's lake, five and a half miles from Durham, and Tobermory lake in the

same neighborhood, are the sources of the marl. The former has an area of 125

acres, and the deposit varies in depth from two to fifty feet. The latter is but fifty

acres in extent. The overlying water is of a depth of twelve feet in places, and beneath

this is an average of twenty-five feet of marl. Clay is brought from Stratford, a

distance of sixty-nine miles, and is hauled to the works on flat cars. Of this, the

company has acquired a deposit of forty acres.

The marl is raised by floating dredge with an orange-peel dipper. This dredge

is equipped with a stone separator and a pug-mill.

After passing through these machines the marl is conveyed through a flexible

tube carried on a series of pontoons to the hopper-shaped cars on shore. The "Harris'

system of conveying by compressed air is here employed, and is said to work to the

utmost satisfaction.

The clay is fed into a plain rolls disintegrator, and after passing through a

cylindrical rotary drier 50 feet long and five feet in diameter, is conveyed to a Phillips

and McLaren dry pan. This consists of a pan containing a pair of huge upright wheel-

like "molars" similar in construction to the at one time familiar "edge-runners."

The pan has a moveable meshed bottom, so that the size of openings can be

altered from three-eighths to five-eighths of an inch. The pan is made to revolve

vhile the axis of the molars retains its fixed position. The clay is thus pressed

through the meshes and reduced to the desired size. It is then fed to a cenveyor and
rasses to the dry clay storage room 100 by 60 fet. Here the chemist takes samples

for analysis every hour of the twenty-four.
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National_Portlaml Cement Ci)iiipany. Orange peel dipper.

National Portland Cement Company. The Harris pneumatic system of pumping marl

.
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Running longitudinally with the dry clay storage room and beneath its centre

line is an iiiideigiound arclicd tiiiiuel, carrying a bucket conveyor. The roof of the

arch is provided with hopper-like openings, which may be opened or closed at pleasure.

The dry clay may thus be drawn from any part of this building and transferred to

the wet department. It has been the practice of the company to store during the

open season a quantity of clay for winter consumption, and for this purpose a large

wet storage room from which the drying plant is conveniently supplied, has been

erected. The dry clay -s delivered to the mixing pug mil) by measuring hoppers, each

of about 600 pounds capacity.

The marl is brought in on the high level trestle above referred to and dumped
into a hopper of two cars capacity, which supplies the marl pug mill. From here it

is conveyed to a battery of nine marl storage tanks, at the bottom of each of whicn

a series of pipes delivers compressed air through bent nozzles. This imparts to th^

fluid a swirling boiling motion completely preventing settlement. These tanks stand

en a series of step-like piers that gravity may assist the flow of marl to the "mixing
pug mill," where the marl and clay first come together. The tanks are further supplied

w ith floats, enabling the operator in accordance with the chemist's instructions, to

draw any depth of fluid marl to mix with a known quantity of clay. The output of

the mixing pug mill is automatically transferred by the Harris compressed air devices

to the tube mills, of which there are four. It is then transferred by the same method

to eight steel slurry tanks. From an open "header," supplied by compressed air from

these tanks, the kilns are fed. A revolving disc carrying a number of buckets which

alternately fill from the header and discharge into the tube supplying the kiln,

accomplishes this step. The speed of the disc varies with that of the kiln.

There are eight rotary kilns 70 by 6 feet, which are capable of being run at different

speeds. The clinker drops into pits built beneath the kilns. Here it gives up a, por-

tion of its heat to air, which is in turn mown with the ground coal into the rotaries.

The clinker then passes by chute into the water-tight buckets of a McCausland con-

veyor, which is at this point moving horizontally in a bath of water rising nearly but

I'Ot quite to the edge of the pans. This conveyor completely surrounds the clinker

storage room, passing through a tunnel underneath, up a vertical shaft at one end,

along the roof and down again at the other end. A movable, tripping device at the

roof is so arranged that clinker may be emptied at any point desired. Further, thern

are hopper-shaped openings in the roof of the tunnel, so that clinker may be drawn
from any part of the building. In this way, when the conveyor is not bringing

fresh clinker to the room, it is feeding cold clinker into the hoppers supplying the

ball and tube mills. The necessary quantity of gypsum is added after the material

comes from the ball mills, and before it goes to the tube mills.

A belt conveyor carries the cement to the store room, and a tripping devica

similar in its purpose to the one previously described, is employed to fill any one o-*

the eighteen bins in which the cement is stored.

Packing is done by three automatic machines of five hundred barrels each per day.

Bags are employed almost exclusively, eighty-seven and a half pounds constituting

a bag, and four bags being the equivalent of a barrel of three hundred and fifty

pounds. The capacity of the plant is one thousand barrels per day. Ontario and the

Canadian west absorb the output.

Coal for fuel for the rotary kilns is dried in rotary driers and reduced to a flour

in improved Griffin mills. The power house is equipped with suitable engines an>l

generators, driving by individual motors being the method generally adopted through-

out the plant.

A mo.st complete laboratory equipped with all the requisite appliances for making

analyses and tests is maintained, and is in charge of Mr. S. H. Ludlow, a specialist

in the chemistry of cements.

This plant, which undoubtedly is representative of the best modern practice, was

designed by W. B. Bogaidus of Cornell, N. T.
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The Ontario Portland Cement Company
President Tj. L. Goold.

Vice-President VV. S. Wisner.

Secretar3'-Treasurer t. D. Taylor, Brantford, Out.

Authorized capital $450,000.

Works Blue Lake, Ont.

Brand "Giant."

Blue lake is about three miles from the town of Paris, and is reached therefrom

by electric railway. The plant stands on the shore of the lake, and at present the

marl is being obtained not 600 feet from the works, to which it is brought in dump
cars by locomotive. There are in this one deposit 100 acres running all the way from

thirty-five to fifty feet in depth. A dredge will shortly be installed to supplant the

present method of raising by manual labor. Fifty acres of clay of a depth of ten

to twenty feet are available in one deposit beyond the lake. It is brought in by cars

as is the marl.

In the process of mixing, the wash mill is employed. As is usual in such cases,

the marl is measured and the clay weighed. The mix passes from the mill through a

grating to a large rotary double agitator. A well adjoining receives the slurry from

which by a large duplex pump it is conveyed to a hopper, above the tube mill.

After the process of grinding it is collected in two large concrete storage tanks

leinforced by expanded metal. Compressed air is employed in these tanks to keep

the slurry in a state of constant ebullition. Before being admitted into the supply

trough, the contents of each kiln are checked by titration and corrected by the

addition of whatever constituent is lacking. Three rotary kilns 70 by 6 feet

are at present in use, but the management contemplate considerable additions to tha

plant. The velocity of the rotaries is controlled by a speeder, which is operated by
the man in charge of the kilns. If the clinker should be discharged from the k'lns

insufficiently burned, the feed of slurry or the speed of the rotary can be reduced.

From the kilns the clinker is wheeled to the clinker room to cool. No special

device to accomplish this is employed. The grinding is done in Krupp ball and tube

mills, after which the cement passes to the stock house which is provided with eight

bins of three thousand barrels capacity each. These are built on the "criLTjing" plan,

commonly exemplified in the construction of grain elevators. Power Is conveyed to

the coal-:;;iinding plant from the power house by rope d'"u-t

Coal for fuel is stored in bins under cover until required. Prior to grinding in

the tube mill, it passes through a rotary Cummer drier.

The company has two shipping connections in the Grand Valley Electric railroad

and the Grand Trunk railway, each of which has a spur running to the works. The
former of these is owned by the company. The present output is 450 barrels per day,

but will be increased this coming summer to 750 by corresponding additions to the

plant. "Giant" cement seems to be well received, and the directorate report the

demand for their product to be very good.

The buildings are of brick, steel and Redcliffe corrugated iron, and are as nearly

fireproof as possible. The company has its own fire appliances. Boarding houses,

workmen's cottages and laboratory have also been erected by the company. The
post office of Blue lake is for the present in the company's office.

The Owen Sound Portland Cement Company

President J. E. Murphy.
Vice-President W. H. Pearson.

Secretary-Treasurer G. S. Kilbourn.

Works Shallow Lake.

Brand 'Samson."



5
h

[155]



156 Bureau of Mines No. 5

Away back in 1889, The North American Chemical, Mining and TVIanufacturing

Company was organized at Owen Sound for the purpose of manufacturing Portland

cement. Its capital was $100,000. A large building of masonrj walls was constructed

at Shallow lake in that year, and a plant subsequently installed. A Ransome cylinder

was used in which to burn the cement, but proved unsatisfactory, and was abandoned,

Ikis industry was the forerunner of the Owen Sound Portland Cement Company,

which to-day carries on a very extensive manufcaturing business.

Shallow lake occupies lots 6, 7,. 8 and part of 9 in the seventh concession of the

township of Keppel. The area is nearly 600 acres, including several small islands,

and about 500 acres are under water for half of the year. "Two streams flow into the

lake and in the dry season they unite near the works on the northern side, the channvl

continuing about 800 yards farther in a northwesterly direction towards the margin

of the lake, where the waters disappear with a loud rumbling noise through a series

ot sinkholes in the bottom." The bottom of the lake is covered with marl to a depth

of four feet, underneath which lies clay running to ten feet in places. A narrow gauge

The Owen Sound Portland Cement Co. ^larl and clay dredge.

track has been constructed from the works out into the lake, and a locomotive and

train of cars are employed to bring the clay and marl from the steam dredge to the

plant. A contract was lately entered into with the James Cooper Company to erect

tall towers and equip a system of cable transportation for the raw materials, Dut

the new method has not yet been put into working shape.

The ingredients are mixed in a rotary washmill, the clay having been first put

through a disintegrator. A Ferris wheel is used to elevate the slurry to a pair oi

Rturtevant emery stones. Nine large storage tanks have been constructed, into which

the material is next pumped and in which it is agitated by compressed air.
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The burning is done in nine Batchelor kilns, each having two drying arches, and
in two rotary kilns each 100 feet long. These rotaries were originally 65 feet long,

and the additional 35 feet were added to act as a drier for the slurry. They have

a capacity of 120 barrels each per day. The Batchelor kilns are intermittent, it

being the usual cu.stom to get 14 kilns of clinker from the 9 furnaces each week. They

are charged with alternate layers of dried slurry and coke, there being a 10-inch

layer of the former to a 3-inch layer of the latter.

The clinker from the Batchelor kilns is first crushed before going to the ball and

tube mills; that from the rotaries is first passed through a rotary cooler. The final

grinding plant consists of two Krupp ball mills and three tube mills. The output

rf the plant is 700 barrels per day.

Ground coal is used for fuel, this being dried and ground in a Raymond grinder

and in emery stones.

The power plant comprises an Inglis Brown 500-h. p. engine, a Corliss compounj

350-h. p. engine, an air compressor made by the Rand Drill Company of Sherbrooke,

Que., and a battery of five boilers. The company has its own fire protection plant, its

own Ijlacksmith and repair shop, and an extremely tidy office and laboratory made of

cement blocks—a .striking exemplification of the use of the article wh'ch the company

manufactures. The management propose doubling the capacity of the works this

present year. "Samson" cement is favorably known from coast to coast.

The Raven Lake Portland Cement Company

President G'deon Shortreed.

Vice-President Thos. F. AVhite.

Secretary-Treasurer Thos. McLaughlin.

Authorized capital .4500,000.

Works Haven Lake, Ont.

Brand 'Raven."

The Raven Lake Portland Cement Company gets its name from the shallow laka

from which its supply of marl is obtained, and on the shore of which its mills ha\'e

been erected. Raven lake is situated on the Liiidsay-Coboconk branch of the Grand

Trunk railway, about two miles from Victoria Road station, and eighty-three from

the cit}' of Toronto.

From Elliot's falls on the Gull river, fifteen miles distant, the power necessary

to operate tlie plant is electrically transmitted. A government dam has been con-

structed there which gives an available head of twenty-two or twenty-three feet, and
in a series of small lakes farther up stream ample pondage facilities are provided.

The marl, which extends to a depth of twenty feet, is elevated from the lake

bottom by means of a floating dredge and orange-peel dipper. This dredge is

equipped with an air-compressor. As in the Durham plant previously described, the
marl goes through a stone separator prior to being admitted to the Harris pneumatic
pumping apparatus, which by compressed air conveys the marl to shore through a

flexible pipe eight inches in diameter. This flexible pipe line connects the dredge
snd th« raw material department in the mill, and is supported on a series of floating

pontoons, each consisting of four coal oil barrels secured together by a suitable frarn'?.

The marl if not sufficiently fluid may be brought to the correct condition for piping
Dy the addition of water. The pipe discharges into a huge marl storage tank. From
this, the marl is admitted at pleasure to the mixer where it unites with the clay.

The clay is at present obtained near Beaverton, and is brought thither on flat cars

a distance of fifteen miles. It is first dried in a rotary drier, then ground in rotary

emery stones, and finally elevated to weighing hoppers which empty, as does the marl,
into the mixing washmill.
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The Raven Lake Portland Cement C.uuipany . A battery of Sturtevant euiery stones

for raw srrinding, etc.

Raven Lake Portland Cement Company, Raven Lake. General view of 'Works, etc.
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Four slurry storage tanks are provided to which the mix is conveyed, and in

which the contents are agitated by compressed air. The slurry grinding is accom-

plished in a battery of four Sturtevant individually electrically driven emery wheeU.

The rotary kilns, of which there are four, may be considered as being divided each

into two parts—a rotary drier and a kiln proper. These two parts are not continuous

lu alignment, but the former lies above the latter, their axes being in the same

vertical plane. The slurry is admitted to the high end of the drier and is discharged

from its lower end. Then it passes through grinding rolls, and is conveyed into the

upper end of the kiln proper, in which the clinkering process takes place. The driers

sre forty-eight feet long and five feet- in diameter, the kiln proper being 60 by 6 feet.

An air current through the drier is secured by a rotary fan. The hot air from tl.p

kiln is made to pass through the drier and thus what would otherwise be waste heat

IS utilized.

The clinker is first cooled in a Wentz patent upright cylindrical cooler, then

crushed in a Kent rolls mill and receives its final grinding in tube mills. The hot

air from tlie cooler passes up the same chute as the one down which the clinker falls

and goes into the kiln, thus eflfecting an economy in fuel.

Ground coal is used for fuel, the processes in its preparation being crushing, dry-

ing and grinding, first in rolls and then in tube mills.

The buildings are of limestone walls, with roofs of corrugated steel, supported on

steel frames. The capacity of the plant will be four hundred barrels per day.

The Sun Portland Cement Company

President W. P. Telford, M. P.

Secretary-Treasurer John Armstrong, Owen Sound.

Authorized capital ..$500,000.

Works Owen Sound, Ont.

Brand "Sun."

By means of two towers with cable connection, and a clam-shell dipper, the marl

lequired in the process of manufacture of "Sun" cement is unloaded from cars and

transferred either to the marl heap or to a hopper which supplies through a chain

conveyor, the marl washmill. The clay is brought in by teams, passes first through

a plain rolls disintegrator, and thence by conveyor to the clay washmill. These

two mills are adjacent and each supplies by a chute its contents to a large double

agitator. This in plan suggests a huge 8. About the centre of each segment, a set

of "drags" is made to revolve on a vertical shaft. The mixture is next ground in

emery stones and then pumped into four storage tanks where the examinafion and

correction of the slurry takes place. Each tank will contain seven hours' run, and

any one can be drawn on as desired. A floor pit connected with each tank next

receives the slurry, and from this pit it is pumped to the kilns, of which there are

four, two being sixty and two sixty-five feet long. The clinker drops into pits beneath

the floor, is elevated to a Mosser cooler and passes by conveyor to the grinding room.

This room is supplied with one Krupp ball mill and two Gates' tube mills. A screw

conveyor and elevator belt transfer the finished cement to the stock room, where

packing is done. The coal grinding plant consists of a rotary drier and a tube mill-

A 650-h. p. Goldie and McCulloch Wheelock tandem condensing engine, and 9

100-h. p. "Ideal" furnish the necessary power for operations of plant and lifting

respectively.

The marl is obtained at lake McNab in the township of Keppel, on the Harriston

and Owen Sound branch of the Grand Trunk railway, some twelve miles from the

works. A private spur was constructed to the lake from a point two miles distant.

This marl area comprises 460 acres running from fourteen to twenty-five feet "(i

depth. A steam shovel is employed to raise the marl.
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Clay is obtained from the village of Brookholm in the township of Sarawak, at a

distance of only one mile from the plant. The capacity of the works is 350 barrels holm

per day. "Sun" cement is marketed largely in Western Ontario and Western

Canada.

Shipping facilities for the export of the finished product and the importation ol

coal by water are particularly good. The company has its own docks and coal

derricks adjacent to the mill. Coal is imported by water direct from Cleveland.

"Sun" cement was first made in 1902. Then the dry process was used, but this

proving unsatisfactory, owing to the tendency of the clay to "ball" in masses, the

wet process was introduced. Manufacturing by this method was begun in July, 1901.

The Sun Portland Cement Co. A corner in the assaying laboratory.

The Superior Portland Cement Company

President -. li. E. McKenzie, M. D.

Vice-Presidents Thos. McCarty and W. Howard Jackson.

Secretary-Treasurer Geo. Mclntyre, Orangeville.

Authorized capital $500,000.

Works Orangeville, Ont.

Brand 'Superior."

Three hundred and sixty acres of marl in the township of Caledon, Peel county,

from twelve to thirty feet in depth and one hundred acres of clay in the town-

ship of Garafraxa, of an average depth of eight feet, will give some idea of the extent

of material available for cement purposes by this company.

The mill stands but a stone's throw from the Canadian Pacific railway station at

Orangeville. It is intended to lift the materials by steam shovel, and bring them

to the works by railway. The clay will come nine miles by the C. P. R., and the marl

or. the company's own railroad, a distance of two and five-eighths miles. A layer

cf two feet of peat overlies the marl deposit.
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Prior to passing into large concrete octagonal wash mills, the clay will be put

through a disintegrator. It and the marl will then be sent down chutes to the two

wash mills as stated, which will be provided with gratings at one side. Through these

gratings the mixture will gradually wash and be conducted to an elevator sump, thence

to emery mills and a tube mill, which will complete the raw grinding. Three lar^a

wooden storage tanks will be provided in which the correction of the mixture will

be made. These tanks will be agitated by compressed air.

Foundations for three rotary kilns eighty feet long and seven feet in diameter

are already laid, and ultimately the company will insftall three additional kilns.

( linker pits, one for every two rotaries. will be provided at the discharge ends of the

Superior Portland Cement Company, Orangeville. Main building.

kilns. Elevators will convey from these pits to the rotary coolers. Two ball mills

and two tube mills will easily handle the immediate output of the kilns, but another
ball mill and an extra tube mill will have to be added when the complete battery of

six kilns is in operation. Griffin mills will probably be employed to grind the coal,

The mixing, burning and grinding building is two hundred and ninety-seven by

eighty feet. The coal house is one hundred and six by forty-three feet, and the stock

house one hundred by seventy-five. In addition, there is a power house which will bo

supplied with engines capable of generating one thousand horse power. Electrical

generator and motors for individual driving will be features of the equipment. Thn
tracks at the works will be elevated twelve feet on a trestle, so that the materials aud
coal can be dumped from the cars directly into the works. The capacity of th3

completed plant will be six hundred barrels of cement per day. The company expe,-t

to have their brand on the market during the coming summer.

11 M.
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There is a possibility that iu the early future the Cataract ^^ater power on thj

Credit river may be employed to generate energy which can be transmitted by wire

to the works at Orangeville. It is said that the falls in the river gorge at the

place referred to afford a head of nearly two hundred feet.

The Western Ontario Portland Cement Company

President A. S. Langrill, M. D.

Secretarj'-Treasurer J. A. Mitchell, Atwood, Out.

Manager M. M. Hiles.

Authorized capital ,f500,000.

Works Atwood, Ont.

This company was incorporated under Provincial charter in the summer of 1903

and proposes to manufacture Portland cement from clay and marl, both of which are

fcund convenient to the village of Atwood, in deposits of considerable extent. The
niarl will be obtained five miles south of the village, the site of the plant, in the

U wnship of Elma, from an ancient lake bottom now a marsh. The area is 250 acrej.

There is an overlying layer of peat from two to five feet in thickness, which the com-
pany hopes ultimately to utilize as a source of fuel. The installation of suitable

riiying and compacting machinery is a part of the general scheme, and in view of

recent improvements in peat fuel manufacture, the possibility of success will b«
granted. The marl underneath this peat growth is from eighteen inches to twelve

feet in thickness, and analyses show this to be of very good quality. Beneath thd

marl in turn is found the clay running to a depth of thirty feet.

A second area of equal extent is also held by the company. This deposit I'es

five miles west of the site of the works in the townships of Grey and Elma. This,

however, will probably not be worked for some time, as the first mentioned beds wi'l

supply enough raw materials for many years at the estimated output.

The process will be the wet slurry method, and for this suitable mill buildings

are being erected and plant installed. Six rotaries are to be employed with p.n

estimated capacity of six hundred barrels of cement per day.

The clay and marl are to be raised by steam shovel, and (vill be transported to

<he works over a standard gauge track for which the steel was supplied by the Grand

Trunk Railway Company. The company will have the option of buying tliis road

outright at the end of ten years. It is expected that the town of Atwood will assist

(he enterprise by granting a free mill site and exemption from taxes for a period of

CO years. The company expect to have their product on the market in October of this

year.

NATURAL CEMENT

Natural cement, as stated elsewhere, is produced by burning an impure

limestone. In Ontario, it is found in certain parts of the Trenton and Niagara

formations.

.\n analysis reveals the presence of lime, magnesia and clay in more or less

definite proportions. In nearly all natural cement quarries, the stone appears iu

strata. Analyses almost invariably show that the composition of the rock varies with
the depth, the tendency being for the calcium carbonate to be in maximum proportion

at the upper stratum, and the clay ingredients a maximum at the lower. Let u»

suppose a case where there is an excess of the lime constituent in the upper layers

and an excess of clay in the lower, the mean of both giving about the correct propor-

tion for a good cement. Now if rock be taken indiscriminately from the quarry, burnt

and ground, it will be seen that an analysis would no doubt indicate that thjfe two
ingredients were present in about the correct proportions, while it would be equally

cf e that evidences of both over-claying and over-liming might be detected in the

'a M.
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tinished product. The thorough mixing would be accomplished in the grinding, yet

it would be impossible that the clay and lime of adjacent fragments in the kiln coul-1

unite chemically in a way essential to a good cement. The difficulty in securing a

constant and intimate mixture is one respect in which the natural cement is less likely

to develop the strength for which good Portland has acquired a reputation.

Both natural and Portland cements have their uses, and th© answer as to which

is desirable in any instance will depend on the strength required, on the allowable

time for setting, on whether or not the cement is to be laid under water, and on the cost.

If no great strength is required, and a rapid setting mortar is desirable, natural

cement can be emijloyed at a less cost than Portland. The time of setting, however,

is exceedingly variable in both natural and Portland cements. Th'e former usuall.v

begins to set in five to forty minutes, and attains its permanent set in twenty minutes

to two and a half hours. Portland, on the other hand, begins to set in threef

fourths of an hour to three hours, and attains its final set in two and a half to eight

hours.

The question of relative cost is worthy of a little consideration, and the following

is given for the purpose of comparing in a typical case, the cost of two mortars in-

tended to give the same strength.

Suppose a cement mortar for foundations, piers or walls is required which will

develop say 200 pounds per square inch ultimate tensile strength in three monthi.
Most Portland cement mortars mixed in the proportion of one of cement to five or

sand by volume, will attain this strength in the time stated, while a natural cement
mortar for the same specification would require to be mixed in about the ratio of oie
of cement to two of sand. Let us assume the price of sand to bo about $1,25 per cubio

jard, that of natural cement to be $0.90 per barrel, and that of Portland to be $2.50
per barrel. In explanation, it should be said that the voids in the sand and its

shrinkage on the addition of water will render the volume of the resulting mortar
very little in excess of that of the sand as first measured. In both cases followinjj

the mass of mortar would in an average case be about one cub'c yard.

Portland Cement Mortar Natural Cement Mortar
1 : .5 1:2

.9 cubic Yards sand @ $1.25 = $1.12
1.2 bbls. cement # 2.X = 3.00

Cost per cubic yard ? 1 .12

.8 cubic yards Mind ^. $1.25 — $1.00
2.5 bbls. cement @ 90— 2.2.5

Cost per cubic yard g3 25

It is thus seen that the natural cement mortar is 87 cents cheaper per cubic yarii

than a Portland cement mortar of anticipated equival'ent strength. This conclusiou

of course obtains only under tKe conditions assumed. The relative cost would be

influenced by a variation in the cost of the two cements and of the sand, by the
ciuanti'ty of water used, ancT by the voids in the sand. Our Ontario natural cements
are slow-setting, and of course none of them develop the early tensile strength either

Deat or in mortar of the Portlands.

The producers of natural cement in Ontario are Isaac Usher & Sons, Queenston,
the Estate of John Battle, Thorold ; F. Schwendiman, Hamilton ; and the Toronto
Lime Company, Limehouse.

Queenston Cement Works
The Queenston Cement Works are situated in the township of Niagara on the

Queenston and Grimsby stone road. They are but two miles from the historic village

of Queenston, made famous nearly a century ago througTi the heroic exploits of Sir

Isaac Brock, Laura Secord and others in thfe defense of Canada.
The plant stands on a sheer precipice one hundred and eighty-five feet in height.

The well-known "Queenston blue" Niagara limestone used extens-vely for buildiag
purposes is here 22 feet deep. Beneath it is foun'd the cement rock 6 or 7 feet in
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thickness, and beneath this in turn is a gray sandstoae. Mr. Usher is the lessee of

a property somewhat exceeding 450 acres, only 15 ot which have been mined.

Drifting was begun from the base of the old limestone quarry, from which a great

deal of the material for the masonry in the first Wciland canal was obtained. Tho
cement rock is quarried with the assistance of steam and air rock-drills and explosives.

A track has been laid and by means of cars the stone is hauled to the feeding hoppers

of the kilns, which "are on a slightly lower level tiian the bottom of the cement rock

stratum. Pillars of rock are left at intervals of about 30 feet to support the jimestoue

overhead. .\o timbering has been found necessary, and in twenty years, no accident

to any workman has occurred. The mine has perfect venfilation.

There are eight upright masonry continuous draw-kilns, each thirty-two feet i'l

iieight and eight feet in diameter. They are fed from above with alternate layers of

stone and coal, and at any time there are about twelve feet of fire in a kiln. The

Icwer portion is styled the cooler and the upper the forewarmer. A cord of cement

stone makes twenty-two barrels of cement.

The coal is delivered from a switch on the Grand Trunk railway, and is dumped

en the same level as tlTe firing hopper of the kilns. A kiln is drawn four times in

twenty-four hours. Experienced men sort the burnt stone, and any parts not

sufiBciently burned are returned to the kilns. The properly calcined stone passes down

a chute to the "cracker" and from there to a steel-plate grinder, in which it is reduced

to the size of wheat. Buhr stones or Sophia mill stones complete the grinding. A

gravity screen here rejects any portions incompletely ground and returns them to the

stones, but whatever is sufiBciently reduced goes down another level to the store room.

Jt is thus seen that gravity assists very considerably in the handling of the material.

A spur of the Niagara branch of the Micliigan Central railway runs between the pack-

ing and store houses, so that shipping by ral is rendered extremely convenient.

The output of the plant is at present 350 barrels per day, and additions and

improvements, especially in the quarrying and grinding, are soon to be made.

"Queenston" cement is employed chiefly for floors, foundations, silos, dwellings

and farm use generally, and is marketed in Western Ontario and Manitoba. A small

export is annually made to Lewiston and other towns in the vicinity, in New York
state. ,

The Estate of John Battle

The works of this company are in the town of Tiiorold. In 1841 Mr. John Brown,

the predecessor of the late John Battle, opened the quarries from which the cement

rock is now obtained. There is a surface layer of fourteen feet of clay overlying an

equal thickness of crystalline limestone. Beneath this is found the cement stone,

\ arying in thickness from eight to ten feet, and of tolerably uniform quality. Tbo

stone is mined both in the open cut and in drifts underneathi the overlying limestone,

the roof being supported as in the Queenston mine on pillars of either the ston3

itself or of built-up materials. The location has an area of 50 acres.

From the quarries, the rock is brought by narrow gauge track and horse c5rs to

a battery of five upright continuous kilns, where the burning is done by filling

riternate layers xii soft coal and stone. Four days after the fire is begun, "drawing
off" is commenced, and is repeated at intervals of twenty-four hours continuously
afterwards. The usual care in the selection of proprely burned rock and the rejection

of cinder, slag and underburned stone is then necessary. The calcined stone is brought
by the Niagara, St. Catharines and Toronto Electric Railway tto the mills '"n the town
of Thorold, one mile from the kilns, power for the purpose being obtained from the
eld canal, where a head of fourteen feet is available. Two turbines of eighty and
sixty horse power respectively, supply the necessary energy.

The stone is first broken in a "cracker." and then ground in buhr stones of which
the mill has three run. Bagging in cotton and paper is done from spouts connected with
the receiving bins. The output of "Thorold" cement is 200 barrels per day, and
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reaches about thirty thiuusand barrels per year. The present proprietors are the sons

of the late John Battle, who assumed control of the works at least thirty years ago.

F. Schwendiman

The quarry from which Mr. Schwendiman obtains his cement rock is situated in

the township of Barton, four miles from Hamiltbn. The rock at present is beir^

obtained from the valley of a small stream. It is burned in a continuous fire-brick

lined upright kiln, and reduced by a "cracker" of the coffee m'U type, and by buhr

stones, of which the mill has two run. The kiln has a vertical height exceeding 2C

feet and a maximum diameter of about e'ght feet. The stone is carted up an incline

to the t'op of the kiln wlilere a receiving hopper has been constructed. The throat of

the kiln is just below the hopper, and is about five feet in diameter. The firing is

done in two burning arches on opposite sides of the kiln. These arches are about si.<

feet in length—the thickness of thh walls of the structure. Soft coal is the fuel

employed. The burned stone is drawn off beneath through an inclined chute and is

wheeled by barrows to the grinding mill. The plant has a capacity of 65 barrels per

day. It is marketed from Rymal station, a short distance from the quarry.

Toronto Lime Company

The Limehtouse cement works are situated on the main line of the Grand Trunk
railway, where the road makes the ascent of the Niagara escarpment. The formation

is the same as at Thorold, being at the base of the Niafiara limestone.

The Toronto Lime Co., Limehouse. View of kiln fur imiking natural ronicnt

.

The company manufactures lime extensively, this industry of late years much
surpassing in importance the manufacture of natural cement. The Gowdy kilns in

which the cement is made are situated at Limehouse. The limestone has been
quarried from the surface for building and for the manufacture of lime over an area
ot twelve acres. Under this to a thickness of nine feet lies the cement rock. The
location covers an area of nearly forty acres. On account of the well marked strati-

fication, the quarrying is attended by no great difficulties.
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The kiln is similar in construction to the one at Hamilton just described. Tho
height over all is thirty-five feet, the throat a€ the top being eight by ten feet.

There are four fire holes, two on each side of two (Opposite sides, into which the stoking

is done. The "Eldridge" system of blowing is employed. A rotary fan draws hot
gases from a point seven feet below the top of the kiln, and this hiot air is forced by
the same fan into the fire-place. By a suitable contrivance any quantity of cold >iir

may be admitted to the blast to mix with the hot. The manager states that the most
desirable fuel for the calcination of natural cement limestone, is wood. Coal is said

to give too intense a heat, and the object of thte Eldridge system is to moderate th-s

lieat by the introductijon of carbonic acid gas into the blast. The method is said to

work very satisfactorily. The kiln is lined with fire-brick, and this lining has to *ie

renewed once every three years.

The kiln is drawn once every four hours, and the stone allowed to cool an hour
on the floor before being removed by cart to the mill to be ground. The "cracker"
I educes to pea size, after which the buhr stones complete the reduction. The capacity
of the plant is 100 barrels per day. Packing is done in barrels of 240 pounds capacity,

and in bags of half that quantity. The brand is known as "Ontario."

TESTING OF CEMENTS

A perfect method of testing cement has yet to devised. A uniform method—jr

rather a method which with uniform material will give uniform results in the hands

of all experienced operators—has also yet to be invented. Many attempts to secure

such results by complicated and expensive testing machines have been made, and in

some cases at least the results obtained were less satisfactory than where the simpler

method was used. It should be and is possible to employ a few simple tests—requiring

but inexpensive equipment and reasonably sure in results, that will discover a good

cement and expose the pernicious qualities in a bad one. For the general user, {his

should be sufficient. The tests that are usually made are six in number, and are as

follows : fineness of grinding, specific gravity, tensile strength, neat and with sand,

the hot te.st and the time of setting.

Fineness of Grinding

It has been observed that fine grinding will decrease the tensile strength neat,

but will increase it in a mortar. As no cements are used commercially without some
kind of aggregate, the latter is the phase of the result to which the user's attention

is directed. Fineness is not a sure indication of the value of a cement, although all

cements are improved by fine grinding. The residue en sieves of various sized mesh,

usually fifty, one hundred and two hundred to the lineal inch, is expressed as a

percentage of the original weight. In the results printed elsewhere, one thousand
units by weight of cement were sifted by hand. Sifting was discontinued wlien after

a certain time interval a quantity less than one unit—one-tenth of one per cent.

—

I'assed the sieve. Sieves of fifty and one hundred meshes to the linear inch were
«>mployed in this instance. A "trace" may be interpreted as a quantity less than
one-tenth of one per cent, of the original.

Specific Gravity

The specific gravity test is considered to be a means of detecting under-burning,
over-burning or adulteration. Cement being a powder susceptible to the action of

water, coal oil or turpentine is usually employed in the determination. Care should
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bo taken that no change of temperature in the fluid takes place during the experiment,

and that no bubbles of air are concealed in the flask. An overburned fused clinker

will give a heavy cement, while an underburned one is likely to be low in specific

gravity. Adulterants are usually of less density than cements, and will operate to

reduce the specific gravity.

Tensile Strength

The tensile strength test, rightly or wrongly, has come to be the one to which the

popular eye is directed in judging the merits of a brand of cement. This test, il

properly made, is without doubt a valuable thtough not a perfect indicatikm of quality.

The cement is made into a stiff batter and placed in briquette moulds of a least cross-

section of one square inch. After setting for twenty-four hours in moist air, the

briquettes are renuoved from the moulds and placed in a water bath where they remaiu

for times varying very much at the caprice of the tester. These periods, however,

are usually three days, seven days, twenty-eight days, and three, six, or twelve months.

At the end of the interval desired, they are broken in some kind of tensile testing

machine. A good cement should show an increasing tensile strength as the ago

become greater. If there is a dropping off in ultimate strength at the longer time

tests, it would lead us to suspect tliat under-burning or over-liming was the fau't.

Either of these will give what we have come to call "free lime." This "free lime"

through spontaneous disintegration, will in time reduce the tensile strength.

In the experiments, whose results are given elsewhere, the percentage of water

necessary to give a proper consistency was found in each instance by a preliminary

test. That percentage, when learned, was used in the subsequent tests with that

brand. The water used was first brought to roo mtemperature (COS F.) and a regular

interval of three minutes' trowelling on the slab was given each batter before placing

in the moulds.

Expel i?uco has shown tliat the ratio of compressive to tensile strength varies from

seven to ton in mortar in the proportion of one of cement to three of sand, and as

the latter is much more easily obtained, it is almxjst exclusively employed, notwith-

standing the fact th.at cement in sructures is not usually subjected to tensile stress.

Experience has further shown that the personal element is a matter of great consequence

in the making of tensile tests of cement. This is true to a very great extent in mortar

tests, and in a lesser degree with neat cement also. The manner and duration of the

mixing and the metlitod of comp.-icting in the mould would undoubtedly influence tha

lesults obtained in no small degree. For this reason it is scarcely fair to compare
one man's results with another's, or perhaps even with his own, unless through extensive

experience he has acquired a method of working that is nearly uniform. Were wo
to take a parcel of cement thoroughly mixed so that the quality is uniform throughout,

and divide it into five parts, giving each of five experienced testers a sample, with

instructions to determine the tensile strength of a three to one mortar, we would

very probiibly be surprised at the discrepancy in results. The so-called "personal

equation" must be reckoned with when an attempt is made to institute comparisons.

The mortar tests were made from a three to one mixture for Portlands, and a one
to one for natural cements. The sand used was a calcareous pit variety, free from

organic matter, loam or clay. The briquettes were lightly rammed with a steel ram-

mer, and every attempt to do this in a uniform manner was made. The proportions

were by weight, not volume.

Constancy of Volume

It has become the fashion to consider the hot test, a test for free lime, which

in the presence of heat and moisture slacks and disintegrates the pat. This may
or may not be so, but it is certain that free lime, if added to a good cement, will

produce the "blowing" which it is the purpose of the hot test to detect. In the test

of Ontario brands, the pats were allowed to stand six hours in moist air above a
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tath of water kept at 120*' F. Then they were put in the hot bath for thie remaining

eighteen of the twenty-four hours. Pats made of good cement should not leave the

glass plate, should not crack or disintegrate in any way, and if broken should snap

with a moderately highi musical note. A cement that stands the hot test and is finely

ground, is not likely to give very much trouble.

» Setting

The setting is usually reported at two stages — initial and final. Initial set is

defined as the interval elapsing from tlie time of adding the water to the cement

until the batter will support a needle of diameter equal to one-twelfth of an inch

and weighted with a quarter of a pound. The final set is the time elapsing from the

addition of the water until the batter will support a needle of one twenty-fourtli incii

diameter weighted with one pound. As the time of setting will depend on the amount

of water used, that quantity which with trowelling will first cause a gloss to appear

on the surface of the batter is recommended. In other words, a minimum of water

IS to be employed.

The specifications, for standard Portland cement, of the Canadian Society of Civil

Engineers, and of the American Society for Testing Materials, are appended

:

The Canadian Standard

The standard specifications of the Canadian Society of Civil Engineers are as

follows

:

The whole of the cement is to be well-burned pure Portland cement, of the best

quality, free from free-lime, slag, dust, or other foreign material.

(1) Fineness: The cement shall be ground so fine that residue on a sieve of 10,000

meshes to the square inch shall not exceed 10 per cent, of the whole by weight, and

the wltole of the cement shall pass a sieve of 2,500 meshes to the square inch.

(2) Specific Gravity: The specific gravity of the cement shall be at least 3.09, and

shall not exceed 3.25 for fresh cement; the term "fresh" being understood to apply to

such cements as are not more than two months old.

(3) Tests : The cement shall be subjected to the following ,tests

:

(a) Blowing Test: Mortar tests of neat cement, thoroughly wvarked, shall be

trowelled upon carefully cleaned 5-inch by 2i-inch ground glass plates. The pats

shall be about J-inch thick in the centre, and worked off to sharp edges at the four

sides. They shall be covered with a damp cloth and allowed to remain in the air

until set, after which they shall be placed in vapor in a tank, in which the water

is heated to a temperature of ISO"^ F. After remaining in the vapor six hours, in-

cluding the time of setting in air, they shall be immersed in the hot water and

allowed to remain there for eighteen hours. After removal from the water the sam-

ples shall noi be curled up, shall not have fine hair cracks, nor large expansion

cracks, nor shall they be distorted. If separated from the glass, the samples shall

break with a sharp, crisp ring.

(b) Tensile Test, Neat Cement: Briquettes made of neat cement, mixed with about

20 per cent, of water by weight, after remaining one day in air, in a moist atmos-

phere, shall be immersed in water, and shall be capable of sustaining a tensile stress

of 250 lb. per square inch, after submersion for two days; 400 lb. per square inch

after submer.sion for six days : 500 lb. per square inch after .submersion for 27 dayi.

The tensile test shall be considered as the average of the strength of five briquetttes,

and any cement showing a decrease in tensile strength on or before the twenty-eighth

day shall be rejected.

Sand and Cement: The sand for standard tests shall be clean quartz, crushed

so that the whole shall pass thrfeugh a sieve of 400 meshes per square inch, but shall

be retained on a sieve of 900 meshes per square inch. The sand and cement shall be

thoroughly mixed dry, and then about 10 per cent, of their weight of water shall ho
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added, when the briquettes are to be formed in suitable moulds. After remaining in ;i

damp chamber for 24 hours, the briquettes shall be immersed in water, and briquettes

made in the proportion of one of cement to three of sand by weight, shall bear a tensile

stress of 125 lb. per square inch after submersion for six days, and 200 lb. per square

inch after submersion for 28 days. Sand and cement briquettes shall not show n

decrease in tensile strength at the end of 28 days or subsequently.

(4) The manufacturer shall, if required, supply chemical analyses of the cement.

(o) PackuKj : The cement shall be packed either in stout air and water-tight casks,

carefully lined with strong brown paper, or in strong air and water-tights bags.

(G) The manufacturer shall give a certificate with each shipment of cement, stating

U) the date of manufacture; (2) the tests and analyses which have been obtained for

the cement in question at the manufacturer's laboratory; (3) that the cement does

not contain any adulteration.

The American Standard

The standard of the American Society for Testing Materials is as follows:

Definition. The term Portland cement is applied to the finely pulverized product

resulting from the calcination to incipient fusion of an intimate mixture of properly

proportioned argillaceous and calcareous materials, and to which no addition greater

than three per cent, has been made subsequent to calcination.

Specific Gravity. The specific gravity of the cement, thoroughly dried at 100*' C
(boiling point) shall not be less than 3.10.

Fineness. It shall have by weight a residue of not more than eight per cent, on

a No. 100 sieve, and not more than twenty-five per cent, on a No. 200 sieve.

Time of Seftinu. It shall develop initial set in not loss than thirty minutes, but

must develop hard set in not less than one hour nor more than ten hours.

Tensile Strength. The minimum requirements for tensile strength for briquettes

one inch square in section shall be within the following limits, and shall show nj

retrogression in strength within the periods stated.

Neat Cement

24 hours in moist air 150 to 200 lb.

24 hours in moist air and 6 days in water 450 t^ 550 lb.

24 hours in moist air and 27 days in water 550 to 650 lb.

One part cement to three parts sand

:

24 hours in moist air and 6 days in water 150 to 200 lb.

24 hours in moist air and 27 days in water 200 to 300 lb.

Constancy of Vnliime. Pats of neat cement about three inches in diameter one

half inch thick at the centre and tapering to a thin edge shall be kept in moist air

for i\ period of twenty-four hours.

(a) A pat is then kept in air at normal temperature and observed at intervals for

t least twenty-eight days.

(b) Another pat is kept in water maintained as near seventy degrees F. as prac-

ticable, and observed at intervals for at least twenty-eight days.

(c) A third pat is exposed in any convenient way in an atmosphere of steam above

boiling water, in a loosely clbsed vessel for five hours.

These pats to satisfactorily pass the requirements shall remain firm and hard and

show no signs of distortion, checking, cracking or disintegrating.

Sulphuric Acid and Magnesia. The cement shall not contain more than 1.75 per

cent, of anhydrous sulphuric arid (SO,) nor more than 4 per cent, of magnesia (Mg 0)

.
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USES OF CEMENT

In general, cement for construction purposes is employed in two ways, namely,

in iiiortai- nnd in concrete, either plain or reinforced with metal. It is almost never

used commercially neat, that is, without sand. Sometimes, however, for grouting

D asonry, the neat paste is employed, experience having proved that there are almost

uncontrollable tendencies on the part of the sand in a grouting mortar to separate from

the cement, to choke passages, and to cause voids to occur.

Experiments in the use of cement as a protection to bridge sleel in structures

have proved its usefulness. Structural steel exposed to the gases of passing locomotives

for example, shows a rapid and harmful corroding, which a paste of cement, red lead

and japan has proved very efficacious in arresting. It is the custom to apply this

paste in a thickne.ss of one-quarter of an inch. Further experiments will no douljt

confirm the finding of those who have tried this preventive to corrosion. These uses

and some others, for example the utilization of cement as a pigment in paint, must
be regarded as special.

For Making Mortar

The use of mortar is exceedingly ancient. Lime mortar has been employed in the

masonry of southern Europe, particularly in Italy, for twenty centuries, but in its

durability, its strength and the variety of uses to which it may be put, it is quite

inferior to its more modern rival, Portland cement mortar. It is generally believed

tliat the ultimate hardening of lime mortar is due to the absorption from the air of

carbonic acid gas, which in combination with the lime forms a limestone. Hence it

follows that lime mortar which has been thoroughly exposed to the atmosphere for a

Eufficiently long time will approach more or less in chemical composition and hardness

the common limestone with which all are familiar.

Lime versus Cement
,

Analyses made of lime mortars taken from the structures of antiquity demon-
strate, however, the following : the mortar is never completely changed to the car-

bonate of lime except at the surface, and whore mortars have been excluded from arl

air, no change even after the lapse of centiiries has taken place. The great time

necessary to accomplish the complete hardening of lime mortars is a serious objection

lo their use in many cases. The structure in which they have been nsed may, due to

settling of foundations or to the weight of material above it, deform seriously before

it has developed a sufficient hardness to ensure safety. Again, the evolution of the

modern tall building has rendered necessary a radical change. Lime mortar is many
times weaker in compressive strenath than is a mortar of similar mixture containing

Portland cement, the latter of which will in time eqnal clay brick in compressive

strength. Lime mortar of a mixture three to one at the age of a year will averago

a tensile strenftth of .'^0 lb. per square inch, or a compressive strength approaching

500 lb. per square inch. Cement mortar, three to one of the same use, will sive a

tensile strength of 400 lb. per square inch, and a compressive strength approaching

4,000 lb. or about the strength of a good clay brick, as said above. In other words.

the strength of cement mortar is approximately eight times that of lime mnrt.ir of thv>

same mixture and age.

Results of tests made under the direction of I'rof. C. H. C. Wright, of the School

cf Practical Science, Toronto, on brick piers using lime mortar of certain proportior'S

in one series, and cement mortar in another arc given below. The bricks, age and
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other conditions being as nearly identical as possible, we see that the latter are

capable of resisting from two to four times as great a load per unit of area.

Crushing Strength.

DoMTiption of
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addition of water may be put at ten per cent. Suppose we desire a solid mortar from

a sand with thirty-live per cent, of voids. It is evident that a throe to one mixture

will give this with a small margin, since the voids would be -'''/Km "f (3 x "", ,00) = .84 and

the cement available to fill these voids would be '"*

m, of 1 ^^ .90.

The essentials of a good sand are usually stated in specifications to be cleanness,

coarseness and sharpness. The cleanness is understobd to be freedom from loam, clay

or organic matter, and the sharpness as synonymous with angularity. A number o'

iests for the purpose of discovering the effect of clay in a three to one mortar were

made last fall in the cement laboratory of the School of Practical Science. The per-

centage of clay varied from two to six per cent, the other elements being constant

It will be seen from the following summary that in all cases the effect of the clay was

to increase the tensile strength. It would appear then as if small percentages

of this material are not objectionable in a cement mortar.

-Age, 28 days.
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For Impervious Mortar

With the object of determining the causes and remedies for permeability of cemeot
by water, a series of experiments was conductd in 1901 and 1902 in the State

University, Columbus, Oliao. In view of the fact that cement is being employed

extensively where it is subjected to hydraulic pressure, as in sewers, watermains and
leservoirs, a summary of the finding may be interesting. It is as follows:

"The permeability cannot be materially reduced by the application of soap and
alum solutions or by finely powdered loam used in the sand, but it can be reduced (1)

by the application of one to five coats of cement grout, the reduction amounting to
from seventy to ninety-eight per cent, of the initial leakage; (2) by a coating of neat
cement mortar one quarter of an inch thick

; (3) by the mortar surface standing under
a head of water containing suspended matter."

The mixing of the sand and cement should be thoroughly done dry until the colo."

is uniform. Then the water should be added and the whole mass turned over until

every part is thoroughly wetted. It is as possible to weaken a mortar by too much
water as it is by too little. The correct quantity depends on the size and dryness

of the sand, and to some extent on the kind and age of the cement.

The following table is taken from a c'rcular issued by the Buckeye Portland

Cement Company of Harper, Ohio, and gives the amiount of cement, sand and limi

paste needed to lay one thousand bricks.

Mortar in all cases 6:1 : 1.

Joint.



174 Bureau of Mines No. 5

the aggregate is crushed limestone. Cinders and slag have the advantage of being

light though lacking the strength of the stone. The weight of limestone concrete

is about 150 pounds per cubic foot, while that of cinder concrete is about 100 pounds.

For flooring purposes and where resistance to fire and economy are considerat'on^,

this latter commends itself.

The process of mixing should be thorough. The sand and cement should be mi.KjJ

dry, after which the stone should be added, and all thoroughly mixed again. Tho
edditiou of tlie water and a turning over a sufficient number of times to wet the whota

mass complete the process of preparation. Thorough ramming until water flushes

to the surface will improve the strength of concrete though care should be taken not

to prolong the ramming past the point where initial set begins. For the same reason

a batch only of such size as can be put in place before setting has begun should be

mixed at a time. Where a large quantity of concrete is required, it is more econom-

ical to employ some good type of mixing machine. Such a machine should be so

designed that thje complete dry mixing of the sand and cement can be done before ihe

aggregate and water are added. Machines should be so constructed that the mixing

may be continued until a satisfactory and complete incorporation is obtained. I.i

continuous mixers, this is apt not to be provided for.

The Uses of Concrete

Concrete as a material for the construction of all kinds of foundations has to

a great extent replaced stone masonry of late years. Its cheapness, and the

fact that skilled labor is not required in putting it in place, have undoubtedly bee-i

he chief encouragements in its use. For bridge abutments, piers and arches, building

foundations, canal locks, walls of dwellings and warehouses, floors, dams and break-

waters, street pavements and sidewalks, etc., concrete has "come to stay."

The character of the mixture used in any case will depend on the strength re-

quired. The Hanover Portland Cement Company recommend the following: "Accord-

ing to the importance of the work, the proportions for concrete may be as follows

:

one part of good Portland cement, three to eight parts of sand, and from seven to

fourteen parts of gravel or crushed stone." Cases are on record where a concrete

of surprising strength was obtained from a 1 : 30 mixture, but' such lean concretes are

not recommended. Indeed, it is no doubt a fact that good brands of cement are some-

times blamed for failures in concrete construction where the leanness of the mixture

was wholly at fault.

In work of any considerable magnitude, provision for expansion and contractioa

due to temperature changes should be made. This provision usually takes the form
of "expansion joints" or bulkheads which are merely vertical seams dividing tha work

into blocks. Partitions of paper or of sand are sometimes employed for this purpose.

They should be placed at intervals of thirty to fifty feet.

Concrete and Steel

Until recently, concrete has simply replaced stone in building cperari /ii> It has

the same mechanical properties, and shares the same defects. Under certain conditions

though, it has proved superior to its ancient rival. Within the 'ast generation, new
possibilities have opened to concrete through the careful and intelligent addition of

steel, the combination bringing into use the good qualities of both materials. "Re-in-

forced concrete" is a term which of late years has been used to designate this com-

bination. It is also known as "concrete-steel" and as "armoured concrete." It s

8 well-known fact that the strength of concrete, unlike that of steel or timber, is many
times greater in compression than it is in tension. It was probably a recognition

of this peculiarity that led to the practice of putting steel in concrete to assist that

element of strength which the concrete lacks. In Europe, especially, where its uso
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has become general, it has been endorsed by the most eminent engineers. In America

it is finding new uses monthly, and the increasing cost of wood will tend to render

it more popular in the future than it is eveu'iu the present da\'.

Regarding concrete steel, The Engineering Magazine in a recent issue had this

to say editorially

:

"Among the many advantages of concrete-steel may be mentioned cheapness as
compared with other types of massive construction, lightness, economy of space on
account of thinness of walls, capacity for carrying heavy loads, ready adaptability to

any desired form, speed of construction, fire-proof qualities and safety on a very poor
foundation material, since the structure hangs together as a whole and when over-

loaded does not collapse suddenly, but tends to deform gradually. TLere are two
important respects in which sfeel construction gains by the addition of concrete. These
are protection against rust, and protection against injury by fire."

Re-inforced concrete is the only form of construction that is really permanent,

(t is not susceptible to atmospheric influences like stone masonry, and when properly

built it will not crack like plain concrete. Such cracks lead to ultimate deterioration

due to the action of water and frost.

So far as records inform us, the first man to make intelligent application of steel

in concrete was W. E. Ward, of Port Chester, N. Y., who erected iu 1875 a building

ia which ''not only all the external and internal walls, cornices and towers, were con-

structed of beton, but all the beams and roofs were exclusively made of the same
material re-inforced with light iron beams and rods." Probably the first approximately

correct formulae giving the strength of steel and concrete in combination were

derived by Julius Mandel in Germany, and by the late Professor J. B. Johnson in

America, about the same time.

The indefatigable investigator, C'onsidere of Paris, during the eighties made a

series of very valuable contributions to the literature of the subject. The conclusiona

r.t which he arrived may be briefly summarized as follows

:

1. In armed concrete beams, the concrete on the tension side will submit without

rupture to a proportionate distortion of from ten to twenty times that at which it

would fail in an unarmed direct tension test. It will also have during the additional

l-eriod of distortion a strength nearly equal to its maximum strength in direct tension.

2. Several interior stresses are introduced in armed concrete constructions, where
lich concrete mixtures are used owing to the shrinkage of the latter during the first

eighteen months if exposed to the air, or a corresponding swelling during this period

if in submarine tvork.

3. These interior stresses are to a considerable extent relieved by the slipping of

the bars or rods in the concrete, as to which action tests leave no room for doubt.

The stress is also relieved in time if cracks are not previously developed by what his

been called the tendency of the concrete to eventually yield somewhat to a soliciting

force.

The slipping of rods in concrete in which they are imbedded undoubtedly occurs

through the weakening of the adhesion between the metal and its surrounding
medium, which is very great at first. This weakening is accelerated by vibration an 1

shock to which more or less, all structures are subjected.

Re-inforced Concrete Beams
Last year, a series of tests on re-inforced concrete beams was carried on at the

Experiment Station at the University of Illinois. A summary of the conclusions

nathed may be of interest.

"In beams with the metal re-inforcement small enough in amount not to develop
the full compressive strength of the concrete, the maximum load is reached or nearly
reached when the metal is stretched to its yield point, and in calculating the resisting
moment, the tensional value of the concrete is liere negligible and the load at the
yield point of the metal may well be considered the full strength of the beam.
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So far as strength of the beam is concerned, the load when the steel is stressed

to its elastic limit seems the prcper basis for the factor of safety and working load.

So far as strengtli of the beam is concerned, steel having a high elastic limit is advan-
tageous, it being assumed that there is sufficient provision against the slipping of the
rods and shearing failures.

"The determination of the limit of re-inforcenient which may properly be used
with different mixtures and grades of concrete may besl be decided by experiments on
beams made to determine this. For the 1:3:() concrete used, re-inforcement as high
as IJ per cent, for the steel of 3.3,000 lb. pr scjuare inch elastic limit, and 1 per cent.
for steel of 55,000 lb. per square inch elastic limit may be used without developing th?
full compressive strength of the concrete.

"There was no marked difference in results found for the different forms of re-in-

forcing bars used."

Systems of Re-inforcement

Re-inforced concrete has found uses whose name is legion, and has led to the

evolution of numerous so-called "systems" of re-inforcement. It is regularly employed
in the construction of beams and girders, floors and walls, columns, bridge arches,

piles, reservoirs, chimneys, lighthouses, sewers, dams, railway tics, fence posts and
a number of other purposes too numerous to mention in detail. Most of the so-cal'od

systems have features peculiar to themselves, and many of these are undoubtedly
meritorious. There is always this, however, that with careless workmanship or lack

of intelligent and careful supervision, the best features of any method may be com-
pletely nullified. A good system combined with care and intelligence in the application

of correct methods will give good results.

Johnson Corrugated Bar.

Ransome Twisted Bar.

Thaeher Rolled Bar. (" Reinforced Concrete" p. 335.
)

Thaddeus Hyatt of England investigated the subject of steel and concrete in

combination as early as 1876, and the system that still bears his name consists of a

series of perforated bars, through the perforations of which pass wires or rods. Th"
whole forms a network of rectangular meshes. It was adapted to such purposes as

floor construction.

Monier of France attempted the strengthening of concrete by steel about the

same time. The Monier system, like the Hyatt, is a network of two series of parallel

steel or iron rods which intersect at right angles. Each junction is secured by a

wire. The rods are distinguished as "carrying" and as "distributing." according

to the purpose they serve. The mesh is from two to four inches to a side.

Ransome employed cold-twisted square rods imbedded near the lower surface of

his beams and floor slabs. The cold twisting raises the tensile strength and elastic

limit of the metal, and the value of this is pretty generally recognized.
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The Bonna system is applied chiefly to the construction of pipes. The steel

sections are cross-shaped, and encircle the pipe or sewer spirally or in rings. Thero

are other similarly shaped rods intersecting these and lying parallel to the axis of

the pipe line. Concrete completely conceals the steel.

Section 220

gMtJ..^l,

l<ll^''
-''

'

® © w^'.

Bonna re-itiforciiiir Bars for Detail of coupling for cast-pipe sewer.

(H.st-pii>c iicwcr. Bonna Sv.^teni.

The Roebling system consists of a woven net of wire stiffened at intervals with

parallel steel rods. Webs of this net are sprung in between floor beams or girders, and

on this tlie concrete is deposited. For ceilings, webs of similar netting may be sus-

pended from the lower flanges of the floor beams, the plaster being applied thereto

Expanded metal has acquired a good and growing patronage. It is a netting of

diamond-shaped meshes, which by powerful shearing machines is cut direct from the

web of sheet metal. For floor construction especially it has been very favorably

received, Temporary wooden forms to support the floor have to be put in place. On

.Oisiribuiing Bars
! .Carrying Bars

fc^

Expanded Metal. Monier Netting.

these expanded metal is first laid, and then the concrete spread. To imbed the steel

perfectly, the web of metal is lifted slightly with hooks, allowing the concrete to pads

below and around the steel. The whole is thoroughly rammed, and after a suitable

time, the forms are removed. Expanded metal is also recommended for strengthening

concrete water towers, sewers, and for thin partitions in dwellings and buildings

generally. The studding in the latter case is usually a series of upright inch or inch-

and-a-quarter channels.

12 m.
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The Melan system is adapted principally for arch construction. Arched I beams

r.r built up plate girders are constructed of a span sufficient to reach from abutment

to abutment. These are spaced about two feet centres, and the space between and

around them is filled with concrete.
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The feature of the Hennebique system is the use of the metal stirrup to resjot

the tendency to failure by oblique shear at the ends of the beams. These beams are

reinforced by imbedded rods placed near the lower face, and at times by others near

the upper face, to give rigidity and assist in resisting compressive stresses. Thu

stirrups are of length slightly less than the height of the beams, and carry tho

12a M.
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tension rods in their bends, the arch of the stirrup being downward. They are spaced

more closely toward the ends, and are absent altogether at the middle section of the

beam. Usually some of the tension rods are bent upward at the two ends, the object

being to assist the U-shaped members in preventing end failure. The system lends

itself admirably to the construction of columns. It has been very extensively used

on the continent.

K-iS . i [it <-/S-x-— JJ >•< •>} mis >.

^^^^^S]i
.(-1 • t

1.30

31 Bars -

» * I r

! ir

\H^

'10 Bars,

Aper rmttf^

Ilonnebique System. Cros.*-sectinn of (iinler iiridge.

Note.—AH dimensions are in the Metric System.

The Kahn system makes use of a "trussed bar" of steel with "fins" inclined out-

wards and upwards at 4.5° at both ends. Its merit seems to be that where tension

Pei^Iienive view ot general adaptatiun ol I ae ivanii .-.vbieui tru^^.-ed Lnua-ete Stetl Co.

p.lone is required, there is a maximum of metal available, and that to resist end-shear,
oblique members more or less at right angles to the line of probable failure are pro-
vided. It is specially adapted for floors, columns and beams.

The Cummings system is analogous to that of Kahn. Here, however, round ro.h
in nest-; of parallelograms are used, the ends of each being bent upwards, as are the
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kns on the Kahu bar. The extra number of pieces required renders the placing of the
metal somewhat more complicated than where a single bar is employed.

The De Marr system makes use of flat steel bars having quarter turns alternately

right and left every two inches or thereabouts, according to size. These bars connect

from top to top of I beams, and in this way support the floor. It is frequently employed

with a specially constructed tile or concrete floor block, which is used to build in

between girder and girder.

In an article written for the Journal of the Royal Institute of British Architects.

Mr. Frank Cawes gives the following rules for the construction of floors. No doubt it

rfpresents good English practice.

1. Obtain good cement.
2. Use good broken brick aggregate and not sand; body concrete to be of one part ce-

ment and four parta brick and the surface to be one part cement and three parts crushed
granite.

3. Use as a precaution "sheep-wire netting" as a base, and steel bars of IJ pounds per
foot in weight spaced three feet apart.

4. Consider a slab 10 feet square by 4 inches thick capable of bearing 900 pounds per
foot including its own weight, and reckon for every slab, more or less than 900 pounds per
foot directly in proportion to the square of the thickness and inversely as the cube of the span.
When the span is rectangular, the minimum span is taken.

5. jivoid casting slabs in frosty weather.
6. Oast large areas at once: hnve no nartially cast slab over night.
7. Insist on strong centering. Leave it up at least Ave weeks.

SPECIFrCATIONS FOR CONCRETE
The following specifications for Portland cement concrete are recommended by

a committee of the American Railway Engineering and Maintenance of Way Associa-

tion :

'

Cement: Cement shall be Portland, either American or foreign, which will meet

the requirements of the standard specifications.

Sand : Sand shall be clean, sharp and coarse, but preferably of grains varying

in size. It shall be free from clay, loam, sticks and other impurities.

Stone: Stone shall be sound, hard and durable, crushed to sizes not exceeding

two inches in any direction, and freed from dust by screening.

Gravel : Gravel shall be composed of clean pebbles of hard and durable stone, of

sizes not exceeding two inches in diameter, free from clay and other impurities except

sand. When containing sand in any considerable quantity, the amount per unit of volume

of gravel shall be determined accurately to admit of the proper proportion of sand

being maintained in the concrete mixture.

Water :
Water shall be clean and reasonably clear, free from sulphuric acid or

strong alkalies.

Mixing by Hand: (1) Tight platforms shall he provided of sufficient size to accom-
modate men and materials for the progressive and rapid mixing of at least two batches
of concrete at the same time. Batches shall not exceed one cubic yard each, and smaller
batches are preferable, based upon a multiple of the number of sacks to the barrel.

(2) The sand shall be spread evenly upon the platform, then the cement upon th"
sand, and all mixed thoroughly until of a uniform color. The water necessary to make
a thin mortar shall be added, and the whole spread again. The gravel, if used shall

then be added, and finally the broken stone, both of which, if dry, shall be first

thoroughly wetted down. The mass shall then be turned with shovels or hoes until
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thoroughly mixed and all gravel and stone are covered with mortar. This will prob-

ably require four turnings.

(3) Another approved method which may be permitced at the option of the en-

gineer in charge is to spread the sand, then the cement, then the gravel or brokem

stone. Add water and mix thoroughly as above.

Mixing by Machine : A machine mixer shall be used whenever the volume of work

will justify tlie expense of installing the plant. The necessary requirements for the

machine will be that a precise and regular proportioning of materials can be controlled,

and the product delivered shall bo of the required consistency and thoroughly mixed.

Consistency : The concrete shall be of su^h consistency that when dumped in place

it will not require much tamping. It shall be spaded down and tamped sufficiently

to level off, and will then quake freely like jelly.

Course : (1) Each course shall be left somewhat rough to insure bonding with th»

text course above, and if it be readily set, shall bo thoroughly cleaned and dampened

before the next course is placed ujjon it. The plane of courses shall be as nearly as

possible at right angles to the lino of pressure.

(2) An uncompleted course shall be left with a vertical joint where the work is

stopped.

(3) The work shall be carried up in sections of convenient length arid completed

without inteimission.

Expansion Joints: (1) In exposed work expansion joints shall be provided at

intervals of thirty to fifty feet. A temporary vertical form or partition of plank

shall bo set up and the section behind completed as though it were the end of tha

structu re. The partition will bo removed when the next section is begun and the

new concrete placed against the old without mortar flushing. Locks shall be provided

if directed or called for by the plans.

(2) In re-inforced or steel concrete the length of these sections may be materially

increased at the option of the engineer.

Time: Concrete shall be placed immediately after mixing, and any having an

initial set shall be rejected.

Facing : About ono inch of mortar of the same proportions as used in the concrete

may be placed next to the forms iiniuodiately in advance of the concrete, or a shovel

facing made, at the option of the engineer in charge.

Forms : (1) Forms shall be substantial and unyielding, properly braced or tied

together by means of wire or rods.

(2) The material used shall be dressed lumber secured to the studding or uprights

in horizontal lines.

(3) Planking once used in forms shall be cleaned before being again used.

(4) The forms must not be removed within forty-eight hours after all the concrete

in that section has been placed. In freezing weather they must remain until the
loncrete has had a sufficient time to become thoroughly set.

(o) In dry but not freezing weather, the forms shall be drenched with water before

the concrete is placed against them.

(6) For backings, undressed lumber may be used for forms.

Finishing: (1) After the forms are removed any small cavities or openings in the

concrete shall be neatly filled with mortar if necessary. Any ridges due to cracks or

joints in the lumber shall be rubbed down. The entire face shall then be washed with
a thin grout of the consistency of whitewash, mixed in the proportion of one part
cement to two ports of sand. The wash shall be applied with a brush.

(2) The tops of bridge seats, pedestals, copings, wing walls, etc., when not finished

with natural stone coping, shall be finished with a smooth surface composed of one part

cement to two parts of sand. The wash shall be applied with a brush.

1 to 1^ inches thick. This must be put in place with the last course of concrete.

(3) In arch tops, a thin coat of mortar or grout shall be applied over the top t«

thoroughly seal the pores.
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TESTS OF ONTARIO CEMENT
Following are the results of some experiments wade with Ontario cements. Tt

may be explained that samples of the various brands espeilmented with were either

procured b.v the writer personall.v at the works, or wore taken b.v him from original

packages offered for sale by dealers in the open market, the packages bearing tha

maker's name and brand. Due care was exercised in every instance to get a fair

sample of ordinary product. The experiments were made by the writer in th.9

laboratory of the School of Practical Science, Toronto.

Sieve Test

Brand.

Portland :

Monarch
Sun
National
Star
Samson
Imperial
Hercules
Saflgrecn
Giant

Natural Rock :

Schwendiman's.

.

Battle's
Ontario Lime Oo's
Usher's

Residue on .50-me$h sieve. Residue on lUO-mesh seive.

Per cent.

5.7
1.9
1.7
3.9
3.5
5.4
5.2
2 9
9.0

12.9
19.5
15.7
18.9

Hot Test

Pats were 6 hours in warm moist air, and 18 hours in water at 120* F

BUND. Kbmabks.

Portland:—
Monarch Satisfactory.
Sun Satisfactory.
National Satisfactory. '

Star Satisfactory.
Samson i Satisfactory.
Imperial Pat separated from glass.
Hercules Satisfactory.
Saugeen

| Satisfactory.
Giant .... Satisfactory.

Natural ICock :

—

Schwendiman's Satisfactory.
Battle's S.ttisfactory.
Ont. l.ime Co.'s Disintegrated in hot bath.
Usher's Pat slightly curled up at edges.
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Tensile Strength Mortar Test

28 Days. Keiutirks

Portlsnd. 3 Id 1 :

Miinuruh
Sun
National
.Star

Situison
Imperial
Hercules
Snugeen
Giant

Natural niek. I to 1 :

.Schwendimun's 1

Battle's

Usher's
i

us



EXPLORATIONS IN ABITIBI

Bv JAMES o McMillan

In accordance with instructions received from Mr. T. W. Gibson, Director of the

Bureau of Mines, an exploratory survey was made during the summer of 1904, of

that portion of the northern clay belt lying west of lake Abitibi, and north of the

area subdivided into townships by the Department of Crown Lands during thte previous

year.

Practically the whole of this area was, during the past summer, laid out in

blocks consisting of four townships each, by meridian and base lines run at intervals

of twelve miles, and a portion of the area, consisting cf about a dozen townships, was

still further sub-divided into lots.

The object of the expedition was to make a careful examination of the surface

conditions prevailing in the region, including the geology as exhibited by the rock

exposures, and tiie nature and capabilities—agricultural and otherwise—of the soil,

in order that a body of information might be procured illustrative of the economic

resources of the district and its suitability for settlement.

The information to be obtained was mainly of two kinds: (1) that connected with

the geology and mineralogy of the region, and (2) that bearing upon its suitability for

agriculture. The geological and topographical side of the work was in charge of the

writer, while the latter was in charge of Mr. A. Henderson, B.A., late of the Ontario

Agricultural College, who accompanied the party as agricultural expert, and wh^
leports separately upon this branch of the work.

Besides Mr. Henderson and the writer, the party consisted of 0. Mondoux, Copper

Cli£F ; S. Coniego, Sudbury, during the first two months in the field ; and John L. Lang,

Toronto, during the last month and a half.

On June 1st we took the early Canadian Pacific railway train, at Sudbury, for

Matagama station, where our canoes were already awaiting us. Two days canoeing

up the east branch of the Spanish river brought us to the Height of Land portage,

after crossing which we entered the waters which flow to the Mattagami, and in two
more days reached Fort Mattagami. After enjoying over Sunday the hospitality of

Mr. Millar, the Hudson's Bay Company's factor, and of Mr. Hubert Southworth, chief

fire ranger for the district, we again launched our canoes, and in a little over two
days reached the first of the portages to Porcupine lake. At this point the work
began, which was carried on for nearly four months. The return journey was made
from the Frederick House river and Night Hawk lake, by way of Fort Mntachewan,
down the Montreal river to the Temiskaming and Northern Ontario railway, thence

by rail to North Bay.

The plan followed in carrying on the work, was to make trips across country

from points along the rivers to one or other of the survey lines, go about two miles

along the line, and return to a point on the river where it had been agreed that the

canoe should meet us. In this way the rivers were used as highways, and the country

traversed at intervals of two or at the most three miles. Whenever the country to bo

travelled was too remote from the rivers to be reached in this way, a flying camp was
moved in to one of the lines, and trips, usually one day in length, made from points

on the line to a distance of five or six miles, returning to points two miles farther

along the line, camp having in the meantime been moved the two miles along the

line by one of the men. On the following day a similar trip wouIB be made on the

rpposite side of the line, and ending two miles farther along.

I1S4]



19U5 Explorations in Abitibi 185

Little attention will be paid in this report to the cance routes used in going from

point to point in the district, as they have been described by Dr. Parks, Dr. Kay an;l

others in previous reports of the Bureau of Mines,' and also in reports of the Geo-

logical Survey.

=

The report will be divided into four parts as follows :

I. The topography of the area.

II. The features of the separate parts in detail.

III. The resources of the area.

IV. The character of the rocks.

I. TOPOGRAPHY

The area is a plain, in all probability once the bed of a glacial-dammed lake. The
oiily breaks in the general level are, the depressions caused by the erosion of streams,

a few isolated hills of the 'rocho moutonnees" type, and .some sand and gravel ridges

of a morainic nature, which rise a few feet above the general level. Midway between

the rivers of the region are some depressed tracts, once the beds of shallow lakes, but

now filled with peat and moss to a depth of 4 to 12 feet. It is in these muskeg areas

that most of the tributaries of the larger rivers have their origin. The remainder,

comprising at least three-fourths of the whole area, is covered with a uniform deposit

of clay and W( oded with a mixed growth of spruce, poplar, balm of Gilead, birch and

balsam, or almost entirely with spruce, according as the drainage is good or only

medium.

Erosion lias not gone on to a marked extent. This may be due in part to numer-

ous barriers of rock which cross the rivers at intervals—in no case greater than ten

miles—forming natural dams in the streams. Everywhere the valleys have a

characteristic V-shape. At a short distance from the rivers, usually about 10 chains,

the general level of the plain is reached : while the tributaries entering the main
streams have valleys usually not greater than 10 chains in width. At no point 's

there a valley wider than half a mile.

The northern slopes of the few rocky hills are worn smooth and often striated by

the action of tlite ice ; while in the south in their lee, there is in most cases a deposit

of .sand or gravel extending a short distance from the hill. As the writer's aneroid went

out of order, after a month's use, th(> heioht of these hills had to be estimated. Mrst of

them appeared to be from 100 to 150 feet above the general level. Glacial strise, whera

noted, have a direction between S. 5° W. and S. 10" E. The deposition of the drift

materials, however, points to an advance of the ice from a direction about 10° west

o' north.

The Abitibi River

The Abitibi river flows out of Lower Abitibi lake, in a westerly direction, through

the northern portions of the first three townships west of the lake, then forms a great

U-shaped bend in the township of Teefy, before taking up its general direction—that

of from ICto 20° west of north. Above Couchiching falls, which are situated about

five miles below the outlet of lake Abitibi, the banks are quite low ; but below this

point, the river has eroded its bed to a depth of 50 to 100 feet below the general

level. The highest banks are in the northeast corner of the township of Teefy, where

glacial accumulations, of morainic character, have added somewhat to the amount to

be eroded ; while below Iroquois falls, the banks are somewhat below the average height

Throughout this portion of its course, the river maintains a width of 4 to. 5

1 Eighth Rep. B. of M., pp. 175-180; Thriteenth Rep. B. of M., pp. 104-114; Report of Survey
and Exploration of Northern Ontario, 1900, pp. 29.

2 Geol. Sur. Can. Sum. Rep.. 1901. p. 119.
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(haiii's As far as Couchichiiig falls the river is quite sluggish; tlilen follow 2 milo.
r>f q\-ict river to the first rapid in lot 1, Knox township, where the fall is less than
2 feet.

From this point to the next rapid on the east side of lot 4 in Rickard, where the
fall is 4 feet, and from liJl-re again to lot C in the same township, where there is a
rapid with a fall of 3 feet, the river flows with an even current. These rapids may
all be safely run on the left. For ascending there are portages on the same bank,
while in addition there is an island portage of 8 chains at the second rapids mentioned.
'J his is the l>etter one to use when the current permits reacUing the island. In the
western half of Rickard are several rapids with a fall of 1 foot each, joined by
stretclies of swift water. These may be run with ease, and ascended without much
difficulty. This is the only stretch of swift water in the upper portion of the Abitibi.

Between this point and the Long Sault rapids, the sole obstructions to navi;_i:\tion

are the rapids at the two portages and Iroquois falls, at each of which regular portages

are provided on th« left bank. The Buck Deer rapids, in concession VI ot Aurora
township, may be run with care, the only danger being from boulders in low water;

and ascended by poling, or by making one or two lifts at the swiftest ptints.

Frederick House River

From the lower end of Frederick House lake the river of the same name flows,

V. itli an average width of about 3 chains, through the central part of the region, ui

a general direction parallel to that of the Abitibi below the great bend. The country

to the north of Frederick House lake is at an elevation of only a few feet above that

of the lake; and along the Frederick House river generally the banks have only about

half the height of those along the Abitibi. TKey are highest below th'e falls in th3

f.rst concession of Mann, below the three rapids in the tifth concession of the same

township, and below Neelands rapids, at which points they have a height of about

50 feet. At most intermediate points the banks have a height of about 30 feet onl/.

As on the Abititbi, the intermediate stretches are of quiet river, with a very moder-

ate current.

The Mattagami '

On the west of the area explored, the Mattagami river fates a westerly course

for (5 miles from the great bend, just we.st of the township of Tisdale. in the district

of Algoma, then bends again to the north and flows in a direction nearly parallel to

that of the other rivers of the region. In the last mile of this western stretch of the

river are three rapids, the portages past which .are known as the .Sandy portages.

Above these portages, the banks are low and the current moderate ; while below the

current is, if anything, less swift between banks of a height of from 50 to 60 feet.

The Mattagami is here a beautifully clear river, with an average width of 3 to 4 chains.

In addition to these—the principal—rivers of the region, a large tributary of the
Frederick House river, which has not been noted by previous explorers, deserves men-
tion. In its upper part, this river has two main branches; the western of which
flows, from the large muskeg area in the townships of Wark and Gowan. as a creoK
with a width of 20 feet; and the eastern of which has its origin near the southeast
coiner of the township of Tully. After flowing in a northwesf direction for about 12

miles, the first flows in a northerly direction for about 4 miles with n widtli of

50 to 60 feet, when it is joined by the eastern branch, which here has a width of some
30 feet. About five miles from the junction of these creeks fhe river is joined 'tf

another stream from the east, of about the same size as the smaller of the two.

From the junction of the two branches, the river flows in a northerly course, anJ
where next crossed about 7 miles farther north, it has a width of two chains and a

depth of 8 feet. It crosses Patten's second base line at 4 m. 24 c. with the same
width and joins the Frederick House probably 10 or 12 miles farther down. The
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creeks, whidi flraiii the greater part of the township between Patten's meridian and

the district line, have banks with a height of about 10 feet, and the river below the

juncilon has banks about 20 feet high.

l^akes and Ridjes

With the exception of Frederick House lake which is in the area reported upon

last year, and lake Abitibi, which forms the eastern boundary of the area, none of

the lakes arc of sufficient size to form marked physical features. For the most part

tliey are less than a mile in length and fill kettle holes or other depressions in

glacial accumulations. Starting near the west bay of Frederick House lake in the

township of Kvelyn, the most important ridge of glacial material extends for about

30 miles in a direction roughly parallel to and at a distance of 2 to 4 miles from the

river. In the southern part the ridge is of sand, wooded with jack-pine and of con-

siderable width. It narrows in the township of Little, and from Beaver lakes

near the northwest corner of the township for abcut 5 miles it is composed largely

of boulder clay. A break of 3 or 4 miles occurs about Patten's correction line,

after which the ridge can be traced to his second base line. In this part it has a
'

width of about half a mile, with a chain of small narrow lakes and peat bogs occupy-

ing a depression within the ridge. The greater part consists of sand ; the depressions

left by masses of ice which became covered and melted after the body of the ice had
retreated, show in places a depth of 60 feet of that material.

At about tlie same distance east of the Frederick House river a similar ridge, con-

sisting mostly of boulder clay, extends from Speight's base line for about 10 miles in

a southerly direction. In the north central part of the first township east of the

district line and south of the base line there are several lakes; none however exceed i

half mile in length. In the township south of tho one just mentioned are several lake.<»

the last one being over one mile long, but very narrow.

In the northwestern part of Calvert township, and extending some distance into

McCart is a sand area, at least 2 miles wide, with a number of lakes whose longest

axes are in a direction east of north and west of south. Corresponding to this

direction the only glacial strise noted had a direction S. 5° W.

The second largest ridge of glacial material crosses the Abitibi river in the north-

east corner of the township of Teefy. It extends in a direction parallel to the two
lidges mentioned, as far south as the south townline of Rickard, but only for a di.i-

tancc of about 2 miles north of the river. On the latter side of the river there are

two lakes, the largest of which is about 60 chains in length, of beautifully clear water.

A portage leads from the river along the gravel ridge to these lakes, which judging
by its appearance is much used by the Indians during the hunting season. South of

the river are several small lakes, from the more northerlj- of which a creek has cut

through sand to a depth cf 60 to 80 feet, and reached the underl.ving clay.

The largest muskeg area crosses the northern halves of the townships of Wark
and Gowan. The only others which exceed two miles in greatest length lie in tha
west central part of Newmarket, the east central part of Edwards, and the south
central part of Moody township.

II. THE REGION IN DETAIL

Speight's Meridian to Mattagami River

The meridian line was reached by ascending a creek about 30 feet in width, which
t>nters the Mattagami river from the north, at the westerly bend of the river. This
creek flows out of the township of Murphy, crossing the line at 7 m 60 c, with a
nidth of 15 feet. After ascending the creek for some 3 miles, the line was reached
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at 6 ni. 60 c, by travelling in an easterly direction across flat clay land wooded mostly
with spruce. To the west of the creek near its mouth is a small sand area covered
with jack-pin«, averaging about 12 inches in diameter.

Along the west boundary of Murphy the country is very level. Though apparently
flat and somewhat wet at this season—June 10th—the land is at least 100 feet abo-ve

the .MattaKiiini river, as indicated by several aneroid readings taken when going out

from, and returning to, the river. Miles 8 and 9 cross flat clay laud, wooded with

spruce averaging about six inches. In mile 10 the clay soil is covered with about li

feet of moss and mould, and the spruce is rather smaller in size. From 10 m. 40 c.

to 11 m. 30 c. the line cresses a muskeg with a depth of peat of at least 7 feet. At
11 m. 55 c. a creek 6 feet wide flows to the west, and this half mile is well drained.

For at least 10 c. on either side of the •teek, the timber consists of fairly large spruce

and poplar, and the clay soil is not moss-covered.

From the 12-m. post on Speight's meridian, a trip was made in a westerly

direction to the Mattagami river, which was reached at 8 m. 50 c. The first two
miles of the trip cross an area of good clay land, wooded with spruc« averaging about

6 inches on the low ground, and with larger spruce, poplar and balsam on the knolls.

At 1 m. 72 0. the creek just mentioned was crossed. It here has a width of 8 feet an^
flows to the northwest. For somn distance on either side of our course from 2 m. 20 c.

to 2. m. 55 c. the country had been recently burned. This was the only lately burned

area seen dviriiig the summer, and was of small extent. At the latter distance a creek

15 feet wide was encountered also flowing northwest, to the west of which a rather

wet clay area extended for 65 c, followed by 56 c. of muskeg, which apparently

extends a considerable distance to the southwest. From 4 m. 16 c. to 5 m. 20 c. the

clay soil is covered with about 3 feet of moss and mould and timbered with spruce not

exceeding 5 inches in diameter, except for a few chains on either side of a creek 12

feet wide flowing northwest, which was crossed at 4 m. 64 c. At 5 m. 20 c. a muskeg
16 c. wide was encountered, then 64 c. of wel clay land much grown up with black

alder, followed by 35 c. of muskeg extending to 6 m. 55 c. These narrow strips cf

muskeg appeared to be arms of a larger muskeg to the south of our course. At 7 ai.

a creek 12 feet wide and 2 feet doop flows north throuKli clay faiul thinly worded with

spruce. At 7 m. 30 c. the larger spruce and drier clay land Bordering the river was
encountered, and at 8 m. 40 c. the descent to the river began. The bank here is 60

feet high (aneroid) and is wooded with spruce and poplar averaging about 15 inchss

for some distance back, while close to the river are also balm of Gilead or balsam poplir

1)1 20 inches and cedar of about 16 inches diameter.

The Mattagami Valley

The east bank of the Mattagami was then followed up stream for about 4 miles,

in a direction a little east of south. The banks are of clay, with a rise of 60 or R)
feet from the river in a distance of about 10 chains. Rills cut down through the clav
at comparatively regular intervals of about 10 chains, but no streams of any note
enter the river from the east, and only one, the Kamiskotaia, a river about 1 chain
wide, enters from the southwest. The timber along the bank consists of balm anJ
cedar, up to 2 feet diameter, together with spruce and poplar of somewhat smaller
size.

The return to camp was made from this point by canoe. About 5 miles up stream,

the Water Hen creek enters from the south, and a short distarre .above the lower of

the three portages is reached. This is a sandy portage, 10 chains in length, on the
north, bank. The middle and upper portages, which are about 32 c. and 80 c. up
stream from the lower, are each 20 c. long, and on the south bank. Considerable
current is encountered in reaching and in leaving the upper portage. About 10 miles

farther up stream the portage to Porcupine lake leaves the Mattagami.
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The outcrop of rock at the three portages has been previously described by Dr.

I'arks. Oil the north bank of the river at the upper rapids the rock is a porphyry

—

gray iu color. The only additional outcrop seen is on the east bank about 5 miles

below the lower rapids. At this point a weathered greenstone shows at the water's

edge.

A trip was also made in a westerly direction to the Mattagami river from the

9-m. post (111 Speight's meridian. For tlie first mile .iiid a halt the soil is a giod clay

covered with about one foot of mould, and wooded with 6-inch spruce together with

a few poplar and balm on the higher ground. The next mile and a half is typical

of large areas in this region. The principal tree has been the tamarack, which was
killed some years ago by the larch saw-fly. The killing of the tamarack has left lie

woods rather open to the sunlight, and a thick growth of alder has sprung up among
the more or less scattered spruce. Many of the dry tamarack are still sound iwid

would make good wood or ties; but they are decaying at the roots and are bcii-g

gradually blown down, making with the alder a tangle through which il i?- Iinrd to

pass.

The soil is always clay overlain by 1 to 5 feet of mould. The spruce in these

ureas is usually somewhat larger than in the regular spruce woods, and the depthi

(>i moss considerably loss. The only creek is one 3 feet wide flowing south at the end

of the first mile. At 3 m. a luu.skeK 3'2 c. across was entered. The rest of this mile

)s wooded with spruce of about 5 inches, and is covered with a depth of 2 feet or more
of moss. The next two miles is entirely muskeg with varying depths of peat. At
6 m. a sounding was made by driving down a pointed pole and a sample taken at

a depth of one foot. The depth of peat at this point was 6 feet, and at 6 m. the

depth was at least 7 feet. In the first half of the 7th mile, the soil is clay deeply

covered with moss and wooded with small spruce. This is followed by 24 c. of spruce

and poplar, and this in turn by 24 c. of small spruce. From this point to the river

,which was reached at 7 m. 70 c, the timber is of good size, and the land dry. The
white spruce would average 10 inches, the poplar 15, and the cedar and balm probably

more.

The river bank at this point has a heiglft of 54 feet (aneroid), and in the gradual

elope of the first mile back from the river there is an additional fall of 50 feot

(aneroid) ; so that, the total fall from the level area in the interior to the level of tha

r)ver is about 100 feet.

The trip was continued from the ])cint on the river just reached, by following the

east bank upstream for half a mile, and then taking a course S. 30° E., to the foot

ct the upper of the three rapids, previously mentioned. The pebbles noted in the beds

of the rills here enterins; the river consist of sranito, groonstone, and silicious schist.

For the first mile the soil is a good clay, well wooded with the varied timber found along

(he rivers in the region. At 8 c. on the second mile is a lake 8 c. long, from which
a small creek flows to the south. The rest of this mile is level clay land wooded with
spruce. At 24 c. on the third mila, a creek 6 feet wide with a bank 30 feet hign

crosses our course, then turns and follows it for half a mile, when it again turns to

Vhe southwest. Tributaries enter this creek from the east at 34 c. and 64 c. The
soil is of the same uniform nature, timbered with spruce and balsam. The first 48 c.

of the fourth mile is wet clay land, timbered with spruce, averaging 8 or 10 inches,

and dry tamarack. Then the land rises about 20 feet, while stony and gravelly

soil succeed for a distance of a little ever one mile, and balsam and birch replace

the tamarack. This is followed by 16 c. of tamarack swamp, when the large timber and
dry clay soil of the river margin is entered. At •5m. 24 c. a creek 4 feet wide flovvs

to the west, and at the half mile the foot of the rapids is reached.

The Mattagami river hf^ here a width of about 3 c. and flows almost directly west.
To the head of the upper ipids is about 60 c. and the fall in this distance is 12
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foet (aneroid). Above the rapids the country has the same general character, l)ut

IS at a less elevation above the river. After one hour's good paddling in an easter'/

direction, the river again bends to the south, at the point where the creek ascended

at the beginning of the trip enters from the north, and in a little less time the first

portage to Ptrcupino lake is reached.

Wark Township

Two trips were made through this township, one o'a the west and the other on th>»

east side, from Speight's base line, which forms the southern boundary.

Travelling north from the IS-m. post on Speight's meridian, the fir.st 60 c. is

muskeg, and the rest of the mile clay land, timbered with spruce and poplar. The
next '20 c. is quite mossy and covered with scrubby spruce, then follows one mile of

good clay land wooded with spruce, dry tamarack and alder, with some poplar on the

knolls. At 2 m. 20 c. t)\^ land becomes a little higher, and spruce and poplar woods
fellow to the end of the mile.

The fourth mile passes through a typical spruce woods, with' timber averaging (5

inches. The soil is a good claj' under one foot of moss and a varying depth of mould.

At 42 c. and at 70 c. creeks of widths of 6 and 4 feet respectively, flow to the west.

In the fifth mile, the first 35 c. have a depth of 5 feet cf peaty mould and scrubby

spruce timber. This is followed in turn by 5 c. of poplar knoll, 10 c. of muskeg open

to east and west, 10 c. of spruce knoll and 50 c. of muskeg, with a depth of 6 feet

of peat. The remaining 50 c. of the sixth mile is level clay land, timbered with

6- inch spruce and poplar. At 5 m. 55 c. a creek 5 feet wide flows to th!e east.

Travelling eastward from this, the northwest corner of the township—the first 60 c.

is good clay land covered with about 2 feet of moss and mould, and a gof)d growtii

of 9-inch spruce. At 75 c. a creek 15 feet wide and 4 feet deep flows to the north,

and at 1 m. 65 c. another of 16 feet width and 2 feet depth flows to the northwest.

Ihe land between these two creeks is equally good, but the timber is much smaller,

averaging about 5 inches.

Turning in a southerly direction at a point 2 miles east t/f the corner mentioned,

the same creek is soon crossed a second time. At 15 c. a muskeg 25 c. wide is entered,

and at 54 c. a creek 40 feet wide is noted lying just to the east of our course. This

is probably the same creek dammed by beaver, as on a cjeek 6 feet wide flowing east

at 67 c. beaver cuttings are quite plentiful. Along these creeks the timber consists

of 6-inch spruce and 14-inch poplar, growing on a good clay soil. Then follows half

a mile of the same spruce, on a good clay soil covered with about one foot of moss.

At the half mile, 10 c. of poplar knoll is encountered, the rest of the mile being o(

the same character as the first part. In the first half of the third mile, the spruce

'rt small and the depth of moss about 3 feet. From 2 m. 40 c. to 4 m. is a l^rgo

muskeg, open for at least 1 mile to the west and hiaving a depth of at least 9 feet

of peat. At 3 m. 50 c. a blazed trail bears S. ,50° E., probably to the Porcupine
river, as a similar trail was noticed leaving one of its branches. In the first half

of the fifth mile the spruce is small and the land wet ; then follow in turn 20 c. of

muskeg and 50 e. of spruce and poplar woods and dry clay land. A creek, 10 feet

wide, flowing east at 5 m. drains this area. From 5 m. 30 c. to 5 m. 60 c. the soil

is a good clay with a growth of 10-inch spruce. From this to the li' e, which was

reached at 2 m. 40 e., the spruce is very scrubby and the moss deep.

The east half of the township was explored by travelling along the south bound-

ary to the G-m. pest on Speight's line, and making a trip similar to the Inst 6 miles iior'li

from this point.

A hard green schist, containing some quartz stringers, outcrops along the lino

at 2 m. 55 c, and at 3 m. 8 c. Near the 4-m. post is another outcrop of similar rock.
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with some layers quite soft and dark in color. At 4-m. 12 c. low rocky ridge

Fxtending some 14 c. to the north, has much the same nature, but in places has the

appearance of a tuff or ash rock.

The land between these two outcrops is composed of good clay soil, drained by

a creek sfrvcn feet wide, fl,owiiig north at 3 ni. 28 c. From the last outcrop to the

fi-ni. post, the soil is mostly clay. At 50 c. en the fifth mile, the line crosses a sand

knoll 15 c. across; and at 12 c. on the sixth crosses a creek 16 feet wide flowing

southeast.

Going north from the southeast corner of the township, the first mile is

lirj' clay laud with here and thjere granite and greenstone boulders. In the

S'-cond mile tlie first half is lower and wtx>dcd with small spruce only, and the

Inst half muskeg. In the third mile, the first 35 c .are wet and xne spruce small.

This is succeeded by one mile of clay land, wooded with 6-inch spruce, and covered

by 1 foot of moss. Then follows 80 c. of muskeg, which extends to a considerable

distance east and west. A sounding taken at 4 m. gave a depth of peat of at least

7 feet. The spruce woods extending to the north of this area, contain trees averaging
(i inches. The last 30 c. of the sixth mile pass through another muskeg, with a depth
ot peat of 9 feet, and extending 20 c. to tlie west. To the west of this the same
spruce woods extend for 60 c, then follow 40 c. of muskeg, apparently an arm of a

l.'irger one to the northwest. This is followed by a half mile of wet spruce woods,

ill which the clay soil is covered with about 4 feet of moss and mould.

Turning to the south after travelling two miles westward, the first 100 c. is good
clay land covered with 1 foot of moss and mould, and wooded with 5-inch spruce.

At 27 c. and at 54 c. creeks 3 feet wide flow to the west. Along these creeks the

spruce is much larger and is mixed with 12-inch poplar. The next 100 c. up to

2 m. 40 c. is muskeg, with a depth of peat of 75 feet. South of this muskeg the land

slopes very slightly to the south. The soil is a good clay covered, except along the

creeks and on the knolls, with about 1 foot of mould. At 4 m. there is about a

quarter of a mile of wet land with 6 feet of moss and mould, and timbered with small

spruce ; but over the rest of the area the spruce would average six or seven inches in

diameter. The poplar growing along the creeks and upon scattered knolls wouli
average 12 inches. At 5 m. a creek 16 feet wide and 2 feet deep, which drains tha

south half of the township, flows to the southeast, while a branch 4 feet wide enters

it from the north. At 3 m. 50 c. another creek 3 feet in width flows to the east.

Aiier passing through half a mile of spruce and poplar woods the line was reached at

a point 8 c. east of the 4-m. pest.

A Muskeg Area

The northern half of the township of Gowan is very similar to the same portion

of Wark. A muskeg with a depth of peat varying from 4 to over 9 feet stretches

from west to east across the two townships. This was crossed from north to south

at intervals of 2 miles. Two miles from the east boundary of Gowan the width wa^

two miles and a half, and the depth from 5 to 6 feet. At the same distance from th?

west boundary of Wark, the width was one mile and a half, and the depth over 9

feet. At the other four points the width was a mile and a quarter.

Where the depth of peat exceeds 4 feet, these areas are practically open. Thougn
scattered spruce and tamarack of an age as great as that of any trees in the reffion

are found upon them, they rarely exceed 15 feet in height, or 3 inches in diameter.

Jlany spruce were seen with 150 annual rings and a diameter of 2 inches. Together
with these scrubby trees there is, in many places, a dwarf birch which is a mere
shrub from 2 to 4 feet in height. In June the previous year's berries were still fresh

upon the cranberry bushes.
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This muskeg is the source of some important streams. Mention has already been
made of the creek flowing out of it to tlie north, which, after some miles, forms i

considerable river. Two at least and possibly three creeks of a width of 15 feet flow

out of the northwest corner, and must before they reach the Mattagami river form
a stream of considerable size. From the south side the drainage is to the Porcupiae
liver. Besides the creek previously mentioned as flowing to the southeast througJi

Wark, a creek 10 feet in width also flows into the north branch of the Porcupine
fiom the west side of Gowan, while from the east side a creek 16 feet in w'dth flows

south into the Porcupine below the junction of the north branch with the main
stream. Upon the upper part of the last mentioned creek a beaver dam 5 feet in

height was seen and in fact on nearly every stream beaver cuttings and work are

plentiful. These last two creeks drain an area in every respect similar to that in the

south of Wark township.

Spruce Forest

To the north of the area just described, and in the townships of Pressor and
Tully, is an extensive area of ."^pruce woods. The timber averages from 6 to

10 inches in diameter, the larger size being found along the creeks where there are

R few poplar mixed with the spruce. The trees are young and thrifty, and th'i

woods remarkably clean and free from windfall. In the parts remote from the creeks,

the best timber is found in the third concession of Prosser, where the spruce aver-

ages from 8 to 10 inches in diameter. In this part the soil is covered with a depth

of 2 to 4 feet of mtss and mould ; but over the grcnter part of the area there is only

sufficient moss to form a carpet for the ground.

The creeks which flow in a northwesterly direction from the centre of the southero

part of Tully are very little below the level of the area. The average width of the

larger stream is about 20 feet in the second concession of Tully, where it flows througn

lot 8. This increases to about 30 feet where it leaves the township of Prosser on the

east .side of lot o. The more easterly stream has, in lot 5 concession IV, Tully, a

iridth of about 12 feet; while between lots 8 and 9, where it leaves the townsh'p th.'

width has increased to nearly 30 feet. Beaver dams in manj' places give this stream

a width of over 20 feet, and the larger a width of 50 to 60 feet.

Though the banks are only a few feet high the land is, for the most part, fairly

dry and the soil a uniformly good clay. A ridge of sand and gravel about half a

mile wide runs east and west through the fourth concession of Prosser, for at lear.t

four miles in the middle of the township. The timber on this ridge consists of spruce

and birch, averaging 12 inches in diameter, and poplar averaging 18.

Muskegs are not extensive within the area. Lots 4 and 5 in the sixth concession

cf Tully have a depth of peat of about 6 feet, and in the other lots in the northeast

corner of the township there is also considerable muskeg. About half of lot 8 in the

fourth and fifth concessions have a depth of 4 feet of peat.

The only mtiskeg seen in the township of Prosser was one in lots 4 and 5 in the

fifth concession, which had a width of about 35 chains.

Rock Outcroppings.

Several outcrops of rock were noted within this area. In lot 5 in the third con-

cession of Tully several ridges, from 10 to 30 feet high, run east and west. The
rock is a much weathered greenstone, fine-grained in structure, and showing the

presence of decomposition products. In the southern part of lot 8 in the second

concession of Prosser, there is a hill, about 120 feet high, the central portion of

which consists of breccia, while the sides are flanked by an iron-stained schist, grey

in color, with a strike of N. 70° E., and a dip about 75? to the north. A green

schist outcrop.s in the northern part of the same lot in the third concession : and
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within about 10 chains of the northwest corner of the township another outcrop cf

schist rather lighter in color occurs. These have the appearance of altered green-

stones.

The boulders noted within the ridge previously mentioned comprise greenstone,
granite and schists of much the same character as those within the area. In the bed of

the larger creek where it flows out of the township, a pebble of greenstone containing
considerable pyrrhotite was noted.

Patten's First Base to His Correction Line.

This is an area of uniform clay land, but of quite varied timber growth. The
latter feature is largely due to a considerable part of the area having been burned
over—the larger portion some 40 years ago, and a smaller portion about 10 years

ago. The opening produced by these fires has led to the extensive windfalls in tha
adjoining timbered parts.

The largest area of windfall surrounds the 12-in. post on Patten's meridian.

This extends for nearly 3 miles into the township of Prosser, and for over a mile nortn

from the boundary. A trip west from this post showed that tamarack windfall

extended for about 3 miles in that direction, but a mile north of this fairly good

spruce of 6 to 9 inches in diameter grows quite free from tamarack. This area

is mostly of wet clay land, and in this part the dead tamarack only are blown down,
leaving thin spruce woods ; but on the higher land many balsam and some spruce in

addition to the tamarack have been uprooted.

Another windfall area extends for about 2 miles along the creek which flows to

the northwest from the township of Tully. This area reaches east to a muskeg in lot

5 of the sixth concession of Tully, but not over half a mile to the west. The creek

through this part has a bank from 8 to 10 feet in height, but the land is at almost a

dead level. As a result the natural drainage is not good.

At the point where the larger of the two creeks crosses Patten's base line, tha

land has an elevation of some 30 feet above the level of the creek. This dry cl3.v

area extends along the creek with a width of over a mile, for at least 1 mile straight

north and for nearly the same distance south into Prosser. The timber is of no

value, as it consists of scattered brushy spruce of about 40 years' growth; but the

soil is a good clay, fairly well covered with grass where the trees are very scattered.

Along the same creek to the northwest of this area, a brule of 10 years extends

fcr about 2 miles. Where crossed in going east from the 14-m. post on the meridian

line, it has a width of over a mile. Part of the same brule crosses the meridian just

north of the 14-m. post with a width of 32 chains. This area is commencing to grow

up with young spruce, poplar and tamarack.

The portion of the area lying along the Correction line for the whole 12 milas,

along the creeks through the northern part of the area, and between these to within

a short distance of the base line, is mostly spruce woods. For a quarter of a mile

along the creeks the spruce is large, some reaching a diameter of over 2 feet ; but

over the greater part of the area the average diameter is from 8 to 10 inches. The
soil throughout is clay covered with a depth of moss and mould varying from 1 to

3 feet.

A trip west from the 16-m. post on the meridian line for a distance of 3 miles

crosses a similar area. From near this post a creek 12 feet wide flows east to join the

west branch which is here about a mile distant. About 2 miles west a creek of tho

same width, but increasing to 20 feet in width a mile to the west, flews in a north-

westerly direction to the Mattagami.

Along this latter creek the spruce averages 1 foot in diameter, and the soil is

fairly dry ; but over the rest of the area west of miles 17 and 18 the spruce averages

from 6 to 8 inches, and the soil is covered with 3 to 4 feet of moss and mould.

13 m.
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The muskegs, though larger than in the spruce woods to the south, do not com-

prise much more than one-twentieth of the whole area. At 13 m. 40 c. on the meridian

line a muskeg crosses in an east and west direction, with a width of some 30 chains.

North of lots 1 and 2 in the sixth concession of Prosser there is a muskeg probably

about 300 acres in extent, while in the third and fourth miles north of lot 4 in the

same concession there is another of about a square mile in area, from which three

creeks with widths of 4 to 10 feet flow "east to. join the east branch. About 3 miles

east from the 16-m. post on the meridian is another area a mile in width. Three

miles north of the 8-m. post on the base line a muskeg with a width of 50 chains was

crossed, while in the northeast corner of the area is the only other cf any considerable

area in the part east of the smaller branch. The depth of peat in each of these mus-

kegs is about C feet.

In the eastern part of the section, the area of glacial accumulations which extends

from Beaver lakes to a point on the Correction line midway between the two lakes

in the third mile, forms a divide between the basins of the Frederick House and of

the streams of the section. The soil is a good clay mixed with a considerable pro-

portion of sand ; and the land has a sufficient relief to be quite dry. The timber

growth is about 40 years old and consists of poplar and balm of 8-inch size, and a

thick growth of small spruce, except between the two lakes mentioned where the

timber is of greater age, the poplar having here a diameter of 16 inches.

The only rock seen within the section outcrops just east of the brule at a poiat
about 3 miles northeast of the western end of the base line. This is an altered green-
stone with a peculiar granular structure, probably due to the weathering of the
original constituents.

The Basin of the Mattagami

For the next 12 miles north to Patten's second base line, this stream flows

through an area of clay land superior in respect to drainage to those previously

described. The difference in level of 15 to 20 feet between the bed of the stream and

the plain is sufficient to drain the country in its present ccfnditicn for some 2 miles

an either side of the river. In the northern half of the basin, where the slope is

somewhat more marked, the clearing of the land would no doubt provide good drain-

age for an area twice as large.

In the southern half of this portion of the basin, the timber is of little value for

RJiout 2 miles on the west side of the river. This part was burned over some 40 years

ago, and is now covered with a thicket of young spruce and tamarack, except in the

swales, where some of the original spruce timber remains.

The 21st, 22nd, and part of the 23rd miles on the meridian line pass throiigh

spruce woods with timber averaging 6 or 7 inches in diameter. About the 23-m. post

there is a muskeg probably a mile in length with a depth of peat of 4 or 5 feet, while

two miles east of the 22nd mile there is another of about the same size with 6i feet

of peat.

Along the east branch, which forms a junction with the main stream about 2

miles north of the 9-m. post on the Crrrection line, the spruce is of an average size

of 12 inches. In the area between the two branches however the spruce is smaller,

averaging probably 8 inches in diameter.

The only glacial accumulations seen in the southern portion of the area were

cressed 5 miles north of the fourth mile of the Correction line. Two lakes were

seen here, one quite small, filling a kettle-hole, and one half a mile in length,

apparently with an outlet to the northeast. At five miles north of the 4-m. post,

a muskeg apparently occupies a depression within the accumulations, since for half

13a M.
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a mile to the south there is the same slightly stony day soil, with a marked southern

slope. Upon this soil the spruce and poplar grow very large, some reaching a

diameter of 2 feet.

Between these glacial deposits and the Correction line is an area of spruce

woods, with muskeg half a mile in width in the northern halves of the second and

third miles from that line. A creek, which crosses the Correction line at the 4-m.

post with a width of 12 feet, and which Hows north and turns to the northeast with

a width of 20 feet at a distance of one mile from the line, one 20 feet wide flowing

west 2 miles from the line, and a third 15 feet wide flowing out of a small lake at a

distan<e of 3 miles 24 chains from the line, drain this area, and in all probability

together form a large stream entering the river at some point midway between the

Correction and Base lines. This area is quite level, and is timbered with spruce

averaging from 6 to 8 inches in diameter.

In the northern half of the basin, in addition to the ridge of glacial material

which forms the divide on its eastern side, there is a second ridge crossing the base

line at the 6-m. post. West of this ridge is a small lake, followed by half a mile of

sand timbered with thrifty young poplar and birch one foot in diameter.

Along the Base line from this sand area to the river and for 2 miles to the west

the timber is ci little value, consisting for the most part of young brushy spruce,

together with some poplar and birch on the higher ground. The rest of the northern

half of the basin, excepting the muskeg portions, is covered with good spruce, poplar,

balsam and birch of about 70 years' growth. The first largely predominates in the

parts at a distance from the river, while poplar is the chief timber close to the

streams. The latter two occur to a lesser extent on the higher ground.

Narrow strips of muskeg occur quite frequently, but few of them exceel !5

chains in width. The largest crosses the Base line in the middle of the first mile and
meridian at 24 chains on the thirtieth mile, with a width of about 48 chains, and

a depth of peat of 7 feet. The middle of the 28th mile on the meridian is occupied

I y a muskeg about half a mile across. Three miles south of the middle of the 7th

mile on the Base line there is a marshy lake about 60 chains long, lying in a north

;.nd south direction, and about 20 chains in width. A creek 16 feet wide flows from

the northwest corner. On the east side of this lake there is a mile and a half of good

spruce, averaging 8 inches in diameter, while to the west there is 30 chains of

muskeg.

The only outcrop of rock noted occurs in the third mile north of the 8-m. post

on the Correction line. The rock appears to be a syenite. It is very much weathered
iiul the dark minerals of the rock are greatly altered.

The Frederick House Basin

*| This basin was explored from Frederick House lake to the base line run east

i^lind west from the 162-m. post on the district line, a distance of 24 miles north and
^outh. It has been pointed out that the western portion of the basin is small, vary-
ng from 2 to 4 miles in width. The eastern portion has nearly a uniform width • f

bout 6 miles. Three important tributaries enter the river in the northern half

f this pcrtion of the basin, one from the east and one from the west near the 156-m.
ost on the district line, and the third from the east at a point about 3 miles farther

p stream. The only large stream, entering the river in the southern halJ, drains
le township of McCart, and joins the river with a width of aboTit a chain to the
:irth of an i.5land in the river about 2 miles below the outlet of the lake.

The largest creek in the western part of the basin has its source in a lake about
df a mile lona: which lies immediately west of the 2-m. post on the Correction line,
d in a wet clay area to the east of this lake. It flows north for about 2 miles,

k
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t*en bends to tlie nortlieast with a width of 15 feet, and crosses the district line in

the 155th mile with a width of some 30 feet. The area drained by tuis stream has

s good clay soil covered with from 1 to 2 feet of mould, and with a timber growth

consisting mostly of spruce. Along the Correction line, the timber averages 10 inches,

and alony; tlie middle portion of the creek from 6 to 8 inches in diameter, with con-

»iderable tamarack windfall throughout.

From this stream north to the base line, the soil is of the same character, but

higher and well drained. The timber growth is of mixed kinds and of a good size.

A section of this area at a point about 2i miles from the base line showed over a

mile of this timber along the river on the west side.

On the opposite side of the Frederick House, a trip made from Neelands rapids

to tho lt)2-m. ptst, showed the presence of about the same width of mixed timber,

followed by spruce woods to within a half mile of the corner, where the wet clay

land changes to muskeg. On the east side of the district lino there is almost another

mile of 10-inch spruce. A trip inland from near the point where this line crosses

the river was made through a narrow margin of mixed timber and a mile and a half

of 8-incb spruce to a muskeg 30 chains wide opening out to the north.

The largest of the three tributaries probably has its source in a muskeg situated

.©ne mile west of the middle of the east boundary of the first township south of

Speight's base line, and east of the district line. It flows about 2 miles west, when

Efter being joined by branches which drain the northern part of the township .t

turns sharply to the south for three miles, leaving the township near the middle of

the south boundary with a width of one chain. A short distance above this point

it is joined by a creek 15 feet wide flowing out of a series of lakes which he about

4 miles east of the district line in the southerly one of the two townships. For the

lower 4 or 5 miles of its course, the creek makes a big bend to the south into this

township, joining the Frederick House near the point where the north town line

will cross that river.

The eastern two-thirds of the more northerly townships is another of those aress

which have been burned over. The timber is of little value, consisting for the most

part of a thicket of spruce and tamarack of about 40 years' growth. About the

middle of the east side of this township there is a considerable area of high land

wooded with thrifty mixed timber of remarkable growth. Some of the poplar with

40 annual rings have here a diameter of 14 inches. Over almost the whole of tht

»rea the soil is a good clay, and for the most part the land is dry.

The land along the lower 5 miles of the last-mentioned creek has also a goo.

clay soil, but it is much lower. The timber is mostly spruce, which along the creel

will average 12 inches in diameter, but at a distance therefrom is considerabl:

spialler. To the east of the bend in the creek, an extensive windfall has practicaU;

destroyed the timber. To the west of the middle one of the three lakes mapped

there is a mile of large poplar and birch timber on high clay land, which is probabl

a remnant of one of the glacial ridges of morainic origin.

In all other respects, except in size and in direction of flow, the third of thes

tributaries is a duplicate of the last. It has its source in a large muskeg about

miles west of the centre of the township of Newmarket, and flows in a northwester

direction, crossing the north-east corner of lot 3 in the fourth concession of Mam,

and Galbraith's base line at a point 10 chains west of the 4-m. post. It is abo»|

•ne-third the size of the more northerly stream. Below the Base line the timber cor

gists of spruce of 9 to 12 inch size, balsam and balm. Above this line, for a wid<

•f 3 miles along the creek, the timber is second-growth of the same character ai

age as in the areas previously described. The largest of these spruce trees have',

diameter of 6 inches.
'
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Between the 144th and the loOth miles on the district line, the Frederick House

river flows within about 2 miles of the western side of its basin. The soil in th*

western part of the basin at this point is a somewhat gritty clay and quite dry. The

timber is second growth of no value, some of the poplar only reaching a size of 8

inches. This area of second-growth timber is connected with the one* in the north-

east part of Mann by a strip of the same about 60 chains wide in the fourth concession

of that township. Beaver lakes have been described by Dr. Parks in the 1899 Report.

The only lakes seen in this part in addition to these were two V-shaped lakes 2tt

chains in length situated at distances of one and two miles respectively to the nonk
of Beaver lakes.

For a distance of about one mile from the river on the east side the timber is

of a mixed character, being young and not very large. The poplar and balm average

aljout 1 foot, and the spruce 8 inches in diameter. At a greater distance from the

river the timber consists mostly of 8-inch spruce. The only land not suited for

agricultural purposes is a muskeg area about a mile across one mile west of the

southeast corner of Mann, and a small rocky area in the second mile north of this

point.

The southern portion of the basin has a width to the west of the river of between

2 and 3 miles, and to the east of about 6 miles. A ridge of white sand, running from

the middle of the south boundary of Little towards the northwest corner of that

township, forms the divide on the west. Between this ridge and the river for 2 miles

Lorth of the south boundary of Little the land is quite swampy and thinly timbered

on account of the number of dead tamarack. Part of this area, whicli was almost

entirely tamarack, has a fair growth of hay. From this point north to the falls in

the township of Mann, the land is higher and the timber of better quality. For

a distance varying from a quarter to half a mile from the river the timber is largely

chains wide. The land between this muskeg and another of about the same width

diameter. At a greater distance from the river the timber is mostly spruce of 6 or

8-inch size, and when poplar is present it does net average over 10 inches in diameter.

On the east side of this sand ridge in lot 9 of the fourth concession of Little there ii

a muskeg over half a mile in width with 10 feet of peat in the deepest part, wh'cn

has in part at least a sand bottom. On the east side of this ridge in the first coo-

cession of the township there is also a muskeg with about half this W'dth.

For a distance of 2 miles along the south boundary of Little from the soutliwest
corner there is an area of sand covered with small jack-pine, which extends nearly
half a mile from the line. On the north and east sides of this area is a muskeg 30
chains wide. The land between this muskeg and another of about the same widtH
^est of the jack-pine ridge first mentioned consists mostly of swamp wooded with
7-inch spruce, tamarack and scrubby cedar. This part must be considered of little

,valu6 for farming purposes, on account of the amount of sandy soil and of muskeg
with sandy bottom.

I On the east the divide between tliis part of the basin and that of the Abitibi
IS formed by an area of sand lying mostly in Calvert township. This is the largsjt
sand area in the region explored. It covers nearly all of the four western lots iu
he northern half of the township, and part of the east side of the adjoining town-
hip of McCart. Granite and greenstone boulders are scattered over the surface u
lany places, and quite a number of narrow lakes fill depressions in the sand. The
ril IS of little value, but the area is fairly well wooded with tie-timber, mostly jack-
inc averaging a foot in diameter.

Several creeks rise in small lakes in the southern part of this .irea, or i-i

auskecTs adjoining, and flowing west form a creek .50 fept wide in the middle jf
IcCart. A mile farther west this large creek is joined by another whi^h flows in a
uth"rly direction from the northwest corner of the township with a width of 8 feet.
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and empties into a lake half a mile long near the junction of the two streams with

a width of 20 feet. The combined stream flows west through the second concessioa

near the south end of the lots and enters the Frederick House north of the island

in the river, with a width of about a chain.

Good Spruce and Birch

The land drained bj' these streams is the best timbered portion of the Frederick

House basin. Over the whole area the spruce will average 10 inches in diamet6»-j

while about the junction of the two streams is a very fine area of birchi which will

average 18 inches. This grows on two ridges, which are probably moraines, one lo

the south of the junction and the other between the two streams. The more souther','

ene has a steep slope to the north and a height of about 60 feet. With the exception

of these stony areas the soil is good.

Along the boundary between Little and McCart, there is mixed timber in the

second concession, and in the third spruce from 6. to 12 inches in diameter, while tht;

fourth is muskeg, with a depth of 8 feet of peat. A trip inland from the river along

the tie-line showed in this part of liittle, a narrow margin of poplar and balm, followed

by good-sized spruce to the muskeg near the east boundary of the township.

Rocks on the Frederick House

The rocks outcropping along the Frederick House river have been described in

a previous report by Dr. Parks. 3 These may simply be enumerated here as follows

:

An outcrop of mica schist at Neeland's rapids.

Diorite and a fine-grained schist below the three portages.

A serpentine rock at the three rapids.

Diorite, diorite porphyrite, and a fine gray silicious schist at the falls.

In addition to these the following outcrops were examined within the river

basin

:

A short distance up the large tributary which enters the Frederick House from

the east, there occurs an outcrop of schistose greenstone with glaciated surface, the

stri» running S. 10'' E., which proved upon examination to be a weathered gabbro.

In the middle of lot 2 on the north boundary of Mann there is an outcrop -jf

hornblende granite, which is badly weathered on the surface.

A weathered greenstone in which aggregates of serpentine and considerable

magnetite are plainly seen, outcrops between lots 8 and 9 in the fourth concession

of Mann. This is evidently a rock of the same character as that at the rapids, a

couple of miles distant, on the river.

At distances of 14, 24 and 40 ch.ains, respectively, on the line running north

from the post for lots 2 and 3 in the first and second concessions of Mann, there aro

low ridges of diorite. The soil between these ridges is stoney, with boulders of

augen-gneiss and greenstone scattered over the surface in places.

A ridge of eruptive greenstone, a quarter of a mile in width, crosses Speight's

tie line in lot 7, and runs north of the post between lots 4 and 5 on the north

boundary of McCart. Samples of a very similar rock were brought in by Mr.

Henderson from a high hill on the south boundary of the township in lot 6.

A bluish quartzose schist, rusty in places, and containing pyrite, magnetite, and

a white mineral—apparently a product of decomposition—outcrops on the east side

of lot 10 at a point 16 chains north of the line between concessions one and two of

the township of Little. The strike of this rock appeared to be about N. 10° W.
Diorite schist was seen at a point about 30 chains south of the last outcrop, but

whether this was in place eft only a loose mass could not be determined.

3 Eighth Rep. Bur. Mines, p. 178.
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On the Frederick House river between the lake of the same name and Night

Hawk lake two outcrops which have not been reported occur on the east bank a*,

distances of two miles above the first and of two miles below the latter lake respec-

tively. These rocks consist of green schist, tlie one nearest Night Hawk lake con-

taining large crystals of pyrite.

The Abitibi Basin

The basin of the Abitibi differs from that of the Frederick House, mainly in

being at a greater elevation above the level of the river. As a result, the creeks

tributary to the Abitibi have cut deep ravines to distances from the river varying

from 2 to 7 miles according to the size of the stream. This is particularly true

of the central part of the basin, where the creeks entering the Abitibi below Iroquois

falls have ravines from 60 to 100 feet deep at distances of a mile or more from the river,

while the Misto-ogo river and the large creek a short distance to the west at distances

of 6 or 7 miles in a straight line from the river have ravines 30 feet deep.

A Well Timbered Region

This, foupled with the fact that the trees are here of greater age, has led to

a much better growth .of timber than in the parts previously described. The mixed
timber, consisting partly of poplar and balm and partly of spruce and balsam, which

rarely reaches to more than half a mile from the Frederick House, extends on either

side of the Abitibi for an average distance of 3 miles.

The poplar and balm are fine timber of their class. The trees are thrifty, from 60
to 80 feet in height, and sometimes reach a diameter of 3 feet. The average diameter

noted varied from 15 to 20 inches. Probably in the portion of the basin covered with

this class of timber, 18 inches would be about the -average. The spruce grows to a

greater height but rarely reaches a diameter exceeding 2 feet. The average diameters

noted for this tree varied from 12 to 16 inches, the larger dimensions being found 'a

proximity to the streams. The relative .size of the spruce to that of the other timber

would be as 15 is to 18. The balsam have a slightly less diameter than the spruce,

and a height about equal to that of the poplar. Some cedar grows along the river

banks, but it never attains a great height and tapers rapidly from the rather large

diameter of 12 to 18 inches at the butt. It will be of little value except for fence

posts.

In the southern tier of township from Calvert to Knox there are extensive

windfalls, which lessen the value of the timber to a considerable extent. The timber
which hJas suffered most from the violence of the wind is the balsam. These trees

are easily uprooted and in some of the more exposed parts almost all are over-

turned. Where this is the case many of ithe other trees are either broken off or up-
rooted, and in some parts only isolated poplar or spruce remain. These open areas

are grown up with a tangle of second ^growth, berry bushes, mountain maple and
alder. Travelling across these areas is very laborious, but in season thlere is many
a delicious handful of raspberries, gooseberries and red currants as a reward for the

I'.edestrian's toil.

Good Clay Soil

Over almost the entire basin the soil is a good quality of clay. For the greater
part of the three miles on either side of the river, it is well drained by the many
creeks which have cut channels at right angles to the course of the river. At a
greater distance from the river than this, there are several areas of wet clay land.

These areas are not of a less elevation than the well-drained parts ; but on account
of their level nature the water does not readily flow off them, at least in their present
timbered condition.
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In th, upper part of the basin, between Couchiching falls and lake Abitibi, thougn

the land is ioni|)aratively flat, it is well adapted for farming. The poplar and

spruce on the north side of the river average about 15 inches in diameter.

The Dokis River

The largest tributary in this part, which is called the Dokis river by some

because a hunter named Henry Dokis lives in a log cabin near its mouth, crosses

Robertson's base line at 4 m. 30 c. with a width of 20 feet, and flowing north joins

the Abitibi with a width of CO feet near the centre of the township. This stream,

which is navigable for about half the distance to the base line, flows through good

clay land wooded with 16-inch poplar and balm, and 12-inch spruce.

Another large tributary rises near the southeast corner of the tow-nship, and

flows north to y in the Abitibi about a mile oast of the other with a width of .30 feet.

A trip to the river a short distance east of this stream showed the presence of large

poplar, balm and spruce for the last 2 miles. Two smaller streams mhich are navi-

gable for only short distances enter, one on either side of the river, about a mile

west of the first.

On the point to the east of the outlet of Abitibi lake there is an area of red

pine, covering between a quarter and half a section. This is the largest area of red

pine in the region.

The shore of the lake about the outlet and for two miles to the northwest is

quite sandy. About the head of tlie bay to the north of .this, which is two miles

wide, is an area of dry tamarack, which appears to be low and swampy. Between
this large bay and the next, four miles to the north, the shore is stony and wooded

with mixed timber, with the exception of two small areas of spruce flat about two
intervening bays. Between this bay and the point where Galbraith's base line meets

the hikf. ibp >bore is rocky. Glacial strije, running S. 15° E., are shown on a small

idand of greenstone about 2 miles out from the end of the line.

At the north end of- the projecting point to the southeast of the line there is a

chlorite schist striking west, and a small island of serici^e schist off this point.

Green schist outcrops near the end of the line and at 41 m. 30 c. there is an outcrop

of massive greenstone.

The first three miles north of the Abitibi river along Galbraith's first base line

)s good clay land wooded with mixed timber of large size, in which there is some
windfall. The next 60 chains passes through a muskeg with 8 to 9 feet of peat.

North of this is 60 chains of land similar to the first 3 miles. In the northern hil'

of the 60th mile the line crosses a beautiful clear water lake about half a mile in

kngth, which is surrounded on the south and west by a sand area timbered with

jack-pine of 12 to 16-inch size. A creek with highly ferruginous water flows from n

small quaking bog a short distance north of the lake. The only probable source of

lii iron appeared to be pyrites in the '•urrouM-liiis; sand. The next two miles are of

rather poor character as far as soil and timber are concerned. Several low ridges

of sand run east and west through spruce swamp, with a sand bottom. These have

the appearance of having been formed on the shore of a lake.

Small d ps were nrted at several points in this swamp, the largest being 12°, but
nothing capable of influencing the needle was seen.

The Dokis river flows east along the base line for two miles, then turns sharply to

the south along the meridian for over a mile before turning again to the east anj
crossing that line. It has here a width of 20 feet; but must increase rapidly in size,

as it is reported to have a width of nearly two chains where it crosses the base lintj

in the 40th mile. The spruce in this part averages 6 inches, and the poplar where ^

present only 8 inches in diameter. A few large spruce—evidently first-groivth timber

—occur close to the stream.
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. Greenstone Ridges

The southeast corner of the township of Knox is broken up by ridges of green-

stone which run nearly east and west. Several low ridges cross the meridian for

a quarter of a mile ou either side of the 43-m. post, while another outcrop occurs

at the 44-ni. post on that line. Several outcrops also occur, at intervals of half a

mile or less, on the south boundary of the township in lots A, 1, 2, 3 and 4. Near

the northwest corner of lot 4 in the first concession the same kind of rock forms

a hill nearly 200 feet high. Nearly half a mile north of this hill still another outcrop

was seen.

This greenstone varies somewhat in the different outcrops, but is evidently one

eruptive mass. It contains considerable pyrite near the 43-m. post on the meridian,

and stringers of quartz near the 35-m. post on the Base up to this line. In some places

it is distinctly schistose, while in other parts no trace of schistosity is seen.

The soil is composed partly of low s?ind ridges and partly of level clay land.

Tli.e 36th mile on the base line in almost entirely clay, wooded with large mixed

t)niber. A photograph was taken of some fine poplar in this mile. The other m'les

along the meridian and base lines are more broken, but there is some good land id

each. The two miles of country between this rocky area and the Abitibi, with the

exception of a small area of sand surrounding two little lakes on the meridian, has

a gnod clay soil and is wooded with marginal timber of large size.

In the first mile north of the greenstone hill in lot 4 there is considerable balsam

windfall.

A large creek flows from this area in a northwesterly direction to join the Abitibi

ill lot 5. Where crossed at a point one mile distant from the river, it flowed in a

lavine 30 feet deep and had a width of 12 feet.

A second creek, identical with the last in respect to size and depth of ravine

flows from the eastern side of Rickard township, and joins the Abitibi in lot 11 of

Knox. The first two and a half miles south from the river are marginal in character,

and the remaining 2 miles to the boundary are level spruce land. The soil is clay

throughout. The presence of rounded stones and gritty material within the clay at

a distance of half a mile from the river, points to part of it at least being of glacial

origin.

On the south town-line of Rickard, the first mile east of the centre is mostly

muskeg with a depth of 8 feet of peat. From the middle of this mile north to the
Abitibi at the foot of the Crooked rapids the country is similar to that on the east

of the township. The spruce in the first 2 miles is semewhat larger, varying from

6 to 12 inches in diameter, and in the next mile and a half the windfall is more
extensive than on the eastern side of the township.

At this point a ridge of greenstone, running east and west, was crossed, and from
here to the river the timber is very large, the poplar averaging 20 inches and th^
spruce 16 inches in diameter. About a quarter of a mile below these rapids, a creek

of 20 feet enters the Abitibi on the south side. This creek has produced a ravine

of much greater depth than the other tributaries above. In the bed of this stream
at a distance of 8 chains from the river another outcrop of greenstone occurs.

On the west side of Rickard a ridge of glacial material extends, from lot 10 in

the first cocession, across the meridian in the fourth mile and the Abitibi river in

the northeast corner of Teefy, into the township of Edwards for a distance of over
a mile. There is a narrow lake, half a mile in length, with an outlet to the south-

west at the south end of the ridge. That this ridge, which is quite low at this point,

has along the meridian a height of about 70 feet, is shown by the depth to which a
small creek which drains two or more small lakes has cut through the sand. Th's
is the only point where anything like a cross-section of one of these ridges could be

obtained. The eroding action of the stream has produced a ravine with exceedingly
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steep sides composed almost entirely of white sand. The underlying clay now forms

the bed of the stream. The width of the ridge varies from a few chains at the south ti

over half a mile at the north end.

South and west of the lakes along the meridian the timber is second growth, but

over the remainder of the area there is a growth of jack-pine, spruce and birch of

fair size. To the west of the ridge the soil is clay, timbered with spruce and poplar,

some of which reaches a diameter of ever 2 feet. The south half of lot 9 in the second

concession is mostly nni.ske;); : but for the 3^ miles north of the Abitibi the land is

all high, with a good clay soil and mixed timber, with an average diameter of 12 to

lb inches. Along the river bank, which is at this point from 70 to 80 feet high,

considerable balm accompanies the poplar and spruce. In what would be lot 9 in the

third concession, after the subdivision of the township, there are two outcrops of

pyritiferous greenstone, much resembling the rock on the Abitibi at the Two
Portages.

Tributaries of the Abitibi

Nest to the Black river, the two largest tributaries of the Abitibi enter that

river from the north in lot 9 of the sixth concession of Rickard. The larger of th'es'i

IS known as the Misto-ogo river, and has been described by Mr. Coulthard.4 The

other, which enters the Abitibi some 20 or 30 chains below the mouth of the Misto-

ogo, has not been previously described. Both have their source in the country north

of Galbraith's base line, the Misto-ogo to the northeast of the farthest corner of

W esley, and the other to the northwest of the northwest corner of that townsHip.

The Misto-ogo river crosses the base line a little east of the middle of the 31st

mile, and enters the township of Wesley about one mile south of that line with u

Midth of 40 feet. About a mile down from this last point it \is joined by a crfeek 12

or more feet wide, which flows from the west. The river is navigable for canoes as

far as this point, that is, to within about 2 miles of the base line, and by dir<t of

much lifting over driftwood, the line itself may be reached. It was crossed, in what

would after subdivision be lot 9, at a distance of 2 miles and a quarter from the south

of the township. It was here flowing west in a ravine at least 40 feet deep, and had
a width of one chain and a depth of 4 feet.

'

The more westerly creek crosses the same base line near the middle of the 23rd

mile, with a width of 15 feet. It flows southeast in a beautiful valley about 10 chains

wide and 30 feet deep, and crosses the bieridian near the 11-m. post.

A creek 10 feet wide, which crosses the meridian 12 chains south of the 10-m.

post, forms a junction with the main stream about half a mile to the east of this

line, and from this point to its mouth the course of the stream is nearly south. A
traver.se of the lower 2J miles as far as a log jam indicated that the general course

of this part of the stream was a few degrees east of south. The depth of water in the

lower part is from 1 to 3 feet; and the width is one chain. Above the log jam therq

appeared to be a considerable narrowing of the stream. At a distance of half a mile

from the mouth there is an outcrop of greenstone on the right bank at the water's

edge.

The portion of the Abitibi basin drained by these two streams may be divided

into three parts: (1) a river marginal portion in the southwest of Wesley township;

(2) a portion which is grown over with second-growth timber reaching diagonally

across the township in a northwest direction, and a third portion, consisting largely

of spruce woods, in the northeast of the township.

The river marginal portion extends along the west boundary of Wesley from the

.\bitibi river to the middle of the township. Four miles east of this it extends only

one mile into the township, or to a little over 2 miles from the river.

i Report of Survey and Exploration of Northern Ontario, 1900, p. 45.
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The area of second-growth timber reaches to thte Abitibi, from the bend in the

river at the island portage to a point a short distance east of the township cf

Wesley. It has here a width of 2 miles, stretching inland to a muskeg in the second

mile on the east side of Wesley. It extends with a nearly uniform widthl across the

middle portion of the Misto-ogo valley, and along the two branches of the more

western stream beyond the base line. This area was burned over about 35 years

ago, and the oldest trees are therefore about 30 years of age. Along the streams

the timber growth consists almost entirely of small poplar, usually from 1 to 5 inches

in diameter. In a few places, however, trees of 10 inches were seen. The valley men-

tioned in the northeast corner cf Edwards and the surrounding parts contain only

a very few scattered poplar and spruce, and arc in their present condition almost ready

for the plow. Some of the land along the Misto-ogo is hardly less open. These areas

are mostly grass-covered. The other extreme however is reached in those portions

removed from the streams. These are quite level, and for the most part grown over

with a thicket of small spruce, alder and tamarack, through which it is almost a

burrowing operation to pass.

In the upper portion of the Misto-ogo basin, the timber along the streams con-

f.ists of poplar, spruce and balsam. The largest timber grows along the creek which

flows east at a point one mile south of the 28-m. post on the base line, and has already

been described. The poplar here averages 18 inches and the spruce 15 inches, and this

is at a distance of 6 miles from the Abitibi. But over the greater part of this tract

the timber consists almost entirely of spruce from 6 to 10 inches in size.

The soil over the whole of this region is clay, with) the exception of a few narrow

muskegs within the areas of spruce woods. Good drainage is secured to ahnost the

whole by these two large streams and their branches ; while, as has been pointed out,

some parts along these streams could be cleared with little difiiculty.

Effects of Imperfect Drainage
Tile greater part of the township of Edwards, and the northeastern part of

Aurora, is typical of those areas situated at such a distance from the river that few

or no streams have cut ravines through them. A muskeg with a depth of 5 to 6 feet

of peat at a distance of half a mile from the edge occupies the greater part of what
•would be after subdivision, lots 4 and 5 in the second, third and south half of the

fourh concessions of the township of Edwards ; while another occupies lot 9 in the fifth

concession. In these muskegs several streams take their rise, and flow, through flat

clay land wooded with spruce, on the one hand east to the large creek in the region

just described, and on the other southwest or west to the Abitibi river. One of these

flows northwest from the muskeg in the fifth concesssion and crosses the base line

in the 19th mile with a width of 8 feet. Two creeks, each 6 feet in width, which flotv

through spruce woods near the middle of the line between Edwards and Aurora,

unite half a mile to the west, to form a creek 10 feet wide, which flows west to the

Abitibi in a ravine 20 feet deep. Another of the same width flows south in lot 9

through the first two concessions of Edwards in a ravine, increasing in depth to

30 feet at the town-line of Teefy, and to 60 or more in that township before joining

the Abitibi river below Iroquois falls.

Along these creeks some poplar is usually present with the spruce, but over the

central portions of the area the timber is mostl.v spruce averaging from 8 to 10 inches

in diameter, accompanied by some balsam on the higher parts, and by dry tamarack
where the land is very level.

The scil is clay throughout the area. In the spruce woods it is covered with

one to two feet of moss and mould. But in the parts where tamarack is also present,

though the land may be quite wet, only a few inches of moss covers the soil.

Whether this is a natural condition, or the result of the sun's rays gaining access to the

ground since the killing of the tamarack, is not easily determined, but I am inclined

to think the latter is the case.
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Rock Outcroppings

Several outcrops of greenstone and of green schist occur within this area. A
low hill of green schist crosses the base line a quarter of a mile west of the 22-m. post.

The rock, which has a strike north and south, and a dip nearly vertical, contains small

masses of quartz, which have been pressed out by the shearing action that gave the

rock its structure.

Running S. 18* W. from a point nearly 2 miles south of the 19-m. post on the

same line, there is a dike cf granite 10 feet wide in mica schist or Huronian gniesa,

with pyritiferous greenstone on either side. This dike was noticed at two poin+s

nearly 2 miles apart. At the more northerly point no gneiss was seen, and the dike

of granite formed the east side of a ridge of the same greenstone.

At a point 2 miles north of the post on the townline of Teefy for lots 8 and 9,

there is a hill about 100 feet high composed of green schist or a schistose greenstone,

and at a point 30 chains east of this hill an outcrop of greenstone—probably a diabase.

Teefy, Calvert, Aurora

As a whole the township of Teefy is perhaps the" best wooded in the region.

I'ractically the whole township is timbered with poplar with an average diameter of

18 to 20 inches, spruce with an average diameter of 12 to 15 inches, balsam and birch.

The soil is good, but somewhat cut up by ravines. A branch of the one previously

mentioned in the northeast corner of the township has in lot 8 of the sixth concessio)i

a depth of about 60 feet. On the east side of the township, both above and below th>i

Two Portages, there are several others, not however so deep. In the southern pare

of the township, the timber has suffered considerably from wind storms.

The same is true of the southern part of Calvert, at least along the line betweea

concessions two and three for the first two miles. The third mile is mostly muskeg with

5 feet of peat, and the fourth spruce woods with 8-inch timber.

In the northern part of Calvert the timber is of better quality, and unaffected

by windfall. For a distance of 4 miles west from Iroquois falls, the timber consists

of poplar, spruce, balsam and birch of about the same size as in Teefy, and the soil

is of thte best quality of clay. On the east side of lot 3 a- ravine nearly 100 feet deep

has been cut across the fifth concession by a creek 10 feet in width. On the opposite

side of the Abitibi, a creek of equal width has cut a ravine 50 feet deep across the

sixth concession. The land along this creek and for a distance nearly 2 miles east is

wooded with mixed timber of smaller size than on either side of tlile river at Iroquo'S

falls. Along the line between concessions five and six, the first mile only to the west

is good land, 'the sand area being reached at this point.

On the west side of the deep ravine where it crosses the line between concession*

four and five a rock consisting mostly of hornblende, forms an almost perpendicular

wall. Along the same line north of the post for lots . 8 and 9 there is a ridge of

pyritiferous greentsone ; and at the post one mile north of this is a hill of greenstone

about 150 feet high. About the edges of this hill the greenstone is distinctly schisto83.

The central portion of the township of Aurora is distinctly lower than the districts

which h.nvi- just been described, the ravines having here a depth of only about 20 feet.

East of the Abitibi in the second concession, the marginal timber extends only to a dis-

tance of one mile from the river, and even in this mile spruce predominates. Two miles ('f

10-inch spruce succeed this to the east. West of the river along the line between

eoncessions one and two, there is mixed timber with spruce predominating, for a

•listance of 2 miles, to a large muskeg in the 8th mile on the meridian line. Thin

muskeH: extends across the concession line with a width of 30 chains, while another

•ccupies the first half mile north of the corner post of the township.



1905 Explorations in Abitibi 205

The country 2 miles west of these muskegs may be described as wet clay land,

with tamarack windfall and alder. The timber is of little value, it having been aa

area of tamarack, which is now all dead.

East of the small rapid two miles above Buck Deer rapids, there is only half a

mile of marginal timber. Spruce, of an average diameter of 8 to 10 inches, is the

principal timber as far as Ihe ridge of greenstone in Edwards, where there is some

stony land wooded with birch, balsam and other timber. North and east of Buck

Deer rapids the country is higher, and is wooded wih large poplar, balm and spruco

for a distance of 2 miles. In the 16th mil^ along the base line the timber is of tha

same kind, but of smaller size, the spruce averaging from 6 to 8 inches. The 17th mile

is mostly muskeg, a sounding showing a depth of 4 feet of peat.

Buck Deer Rapids Area

Lastly, the country west and southwest of Buck Deer rapids will be described.

This land is drained by a creek, which crosses the meridian line with a width of V2

feet, at a point 20 chains north of the 11-m. post, and enters the Abitibi about half

way between the rapids and the base line. This creek takes its rise in the southwest

corner of Newmarket, and flows diagonally acress the township. Where it was crossed,

at a point 2 miles east and half a mile north of this corner of the township, it-had

a width of 5 feet, and a bank 10 feet in height. The country for a mile south and

for half a mile north was wooded with 12-inch spruce, poplar and balsam, and had a

good clay soil. This was followed to the north by half a mile of spruce, when the

large muskeg—over two miles across at this point—was reached. A lake nearly GO

chains long and one-third as wide lies near the south east end of this muskeg, and it

is probable that a stream flows east from this lake to join the creek last mentioned.

A sounding made in this muskeg showed a depth of peat of 11 feet, which is the

greatest in the region.

For a distance of one mile west of this creek, in the second and third mile south

of the base line, the timber is large, some of the spruce measuring 26 inches in

diameter. It consists of red and white spruce averaging 12 inches, balsam, birch and

poplar. The area of second-growth in the northeast corner of Mann extends over

two miles east into Newmarket in the second mile south of the base line. The first

mile north of the muskeg, and the middle of the townsh-p at a distance of one mile

from the base line is timbered with 8-inch spruce. To the east of the tract of large

timber along the lower part of the creek is an area of excellent farming land covered

with second-growth. In the 11th mile on the meridian, the poplar has grown to a

size of 12 inches, and the spruce to one of 8 inches; but over most of the area it is

too small to be of value ; consisting of 6 to 8 inch poplar and balm and brushy spruce

of smaller size.

The soil over this area is a clay of good quality, and in all the northern part is

sufficiently dry to be well adapted for farming. In the beds of the streams pebblea

of greenstone, granite and shale were noted ; and in a deep ravine at the northeast

corner of Newmarket some interesting concretions composed of clay were seen. At »

point 2 miles east and the same distance south of the northwest corner of Newmarket
there is an outcrop of granite, the only rock seen in the area.

Rock Outcrops on the Abitibi

The rock outcrops on the Abitibi river have mostly been described in previoua

reports : those below the Two Portages by W. A. Parks, 5 and W. J. Wilson ;6 and
those between the Two Portages and Abitibi lake by Wilson, Baker and Coulthard.;

5 Eighth Rep. Bur. Mines, p. 181. 6 Geol. Snr. Can. Sum. Bep., 1901.

7 Report of Survey and Exploration of Northern Ontario, pp. 29 and 46.
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Little will be said about the cutcrops described except to define their location

more accurately. 9n an island at the foot of Buck Deer rapids there is an outcrop of

greenstone—probably a dike—with glacial striae S. 5° W. The rock at Buck Deer

rapids has been described by Dr. Parks as hornblende gneiss, and that at a con-

striction in the river near the middle of the township as gneissoid granite.

About half a mile below this last outcrop, a red biotite granite was noted near

the water's edge on the left bank. Another outcrop of granite occurs on the right

bank about the middle of the first concession of Aurora.

About the corner of lots 2 and 3 in concessions five and six of Calvert, which

comes in the river, there are several outcrops of granite and gneiss reported upou

by Mr. Wilson.

Three-quarters of a mile above on the right bank there occurs a very hard

silicious green rock, with smoothly glaciated surfaces, containing a dike of granite

about a foot in width, with stringers of the same running into the darker rock. The

eruptive contact of the Laurentian occurs between thlese two points, but could not

be more accurately located.

The next outcrop above occurs on a small island near the right bank on the east

town-lino of Calvert, and consists of schistose greenstone.

On the same bank, just above the line between concessions four and five of Teefy,

there is a dike of felsite 9 feiet wide running north and south, and a 3-inch vein of

glassy quartz in massive greenstone.

Between Iroquois falls and the Two Portages, in addition to the green schist

whiere the river first crosses the south town-line of Teefy, which has been noted,

there are two outcrops, one on the right bank in the south part of the third con-

cession consisting of similar rock, and the second of quartzite with glacial strise

S 20*" E. on the same bank half a mile below the lower of the two portages.

Above the barrier of weathered pyritiferous diabase at the Two Portages, there

are at least three outcrops of massive greenstone, the last a short distance above, and

the middle one at a small rapid in the fifth concession of Teefy.

At the next rapid a short distance above the meridian line, the greenstone i.H

dfstinctly schistose.

At the 7-chain portage on the left bank at the crooked rapid, a weathered green-

stone was examined, and a short distance up stream a similar rock was seen on the

same bank.

On the island portage—8 chains in length—at the nest rapid, green schist and

a bluish gray silicious schist containing veinlets of quartz occur.

About lot 8 in the township of Knox, there is an outcrop of greenstone on the

north bank of the river, and half a mile east another, somewhat schistose in structure.

On the south bank in lot 5 two bluffs of greenstone about 15 chains apart occur.

The rock at the rapid about half a mile below the meridian line is a much-

weathered quartz porphyry, gray in color.

At Couchiching falls, and at a point on the north bank half a mile below, the

rock consists of a hard fine-grained greenstone.

No outcrops occur above the falls until within half a mile of the lake, where there

.'s a dark-colored hornblende-biotite granite on the north bank. This is probably a

dike striking N. 30° W., as it is badly weathered along planes in that direction.

III. RESOURCES OF THE REGION

The Soil

The principal asset of the region is its soil, samples of which have been taken

f.y Mr. Henderson, and will be dealt with in his report. As has been pointed out, the

soil over almost the entire area is clay of good quality. The sand areas are so small

as to be a benefit, rather than a detriment, to the region, considered as a whole.
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The district is at present rather subject to summer frosts. Two occurred this

year, one on 23 July, when the temperature recorded was 26*" F., and the other on

31 August, when it was 27** F. These seem to have been unusually severe, as no frosts

were reported by Mr. Kay between 17 June and 1 September last year. The large

amount of moss-covered land which retains the frost until late in the summer is

nc doubt largely responsible for these frosts, and the clearing of the land, which

would admit the sun's rays and result in the killing of the moss, would raise the

average temperature several degrees, and make these frosts very rare or do away

with them entirely.

On account of its distance from the railway—loO miles in a straight line, or

200 by canoe—this region has been generally considered a more northern one than

it really is. The highest latitude reached this year is just about the 49th parallel,

(.0 that the whole of the region lies to the south of the most southern point of

Manitoba.

The areas best adapted for settlement are, the Abitibi basin, for an average

distance of 3 miles on either side of that river, the basin of the Frederick House, for

a width of 2 miles on either side of the river, the b.isin of the Matta^ami river, for a

rather loss width, and the parts adjoining the main tributaries of these rivers at

greater distances from them than those mentioned.

The drainage of these areas is secured by the numerous ravines, which have been

eroded to distances of 2 or 3 miles from the river. It is probable that the clearing

"f the land, alone, will add considerably to these areas.

The streams are young, as shown by their V-shaped valleys: and, as in other parts

the removal of the forests will lead to a cutting back of these ravines to much greater

distances than they have reached at present. The areas farthest removed from the

rivers, such as the spruce land in Prosser and Tully and in the southern part of

Wark and Gowan, parts of the next four townships to the north of these, portions

of Newmarket and JMcCart, the township of Edwards, and the township of Moody
will require artificial drainage. None of these areas however are more than 4

to 6 miles distant from streams, with valleys of considerable depth, and with anything

like the efforts that have been made to drain many parts of older Ontario, even the

muskegs would be turned into arable land.

Building Materials

The timber available for lumber ccnsists of spruce, poplar and balm. The spruce
only is suited for lumber for outside use. Poplar and balm could be used where not
exposed to the weather. The jack-pine growing on the sand areas is of a size suitable
for making railway ties. The dry tamarack standing in many parts will also provide
suitable tie timber.

The only stone available, besides loo=e material of this kind, which is not plentiful,
is the eruptive greenstone forming the isolated hills in the region. Gravel for con-
crete masonry and sand for mortar could conveniently be obtained in almost every
part of the region, from the glacial ridges. Sand of good quality is to be found n'

the fourth mile on the line between Teefy and Rickard. Ballast for railways is to
be found in the same ridge, in the sand area in Calvert township, and at the north
and south ends of the ridge west of the Frederick House river. Clay for brick-making
IS plentiful in every part of the region. That along the Frederick House in the
township of Little was found to bake readily.

Timber
The only red or white pine, other than the small area near the outlet of Abitibi

lake, is a small clump at the falls on the Frederick House and a few scattered trees

on some of the ridges. There is no timber for export as lumber. The local require-
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ments will consume all the spruce or other timbor large enough for manufacture into

lumber. But in the large areas of spruce, the country possesses resources which can
be marketed as pulp, once mills are established on the rivers. The facilities for

driving the pulpwood are fair. The difficulty lies in the driftwood which blocks all

hut the larijiest tributaries at a short distance from their outlets into the main rivers.

Most of this could be cut out or drawn out; but some of the jams on the larger

streams would require the use of dynamite.

Water Powers

The most easily developed water-power in the region is situated on the Frederick
House river in the township of Mann about a quarter of a mile from the south town-
line. These cascades have, according to Dr. Parks, a fall of 46 feet. The rocky

barrier which rises only a few feet higher than the level of the water above the falls, has

a width of a little over 200 feet. An excavation of this length on the right bank will

make available the full height of the falls.

In the fifth concession of the same township on the same river, two chutes 5i

feet and 2 feet in height, respectively, and only a few chains apart are separated

by 5 chains of smooth water from a rapid 30 chains in length, with a *all, as given

by Parks, of 14^ feet. This provides, in a distance of about half a mile, a total fail

of 22 feet. This drop might be faken advantage of for power purposes, by building

a dam about 100 feet in length across the river near the foot of the rapid.

On the Abitibi river three water-powers are available within the region explored.

The largest of these is at Couchiching falls, where the river drops about 30 feet ij

two successive cascades over a barrier of hard greenstone. These cascades are followed

by about a quarter of a mile of very rough rapid. The total fall is given by Wilson

as 46 feet, and by Baker as 45 feet (by aneroid). In order to take advantage of tha

total drop, a great deal of excavating would be necessary, anO even to utilize the

main drop for power purposes would require an excavation between 300 and 400 feeb

in length, unless the power house was built over the lower of the two cascades. A
central nia-s of rmk which divides the stream laterally would materially aid in this.

At the Two Portages on the Abitibi a second water powef could be secured. Tha
lower portage is past a cascade with a drop of about 9 feet; while the upper, 100

yards distant, is past a rough rapid with a fall of about 6 feet. Advantage could

be taken of the lower fall for power purposes, by building the power house over either

of the two main gaps or over a small western gap ; but to secure the total fall of 15

feet, a dam about 150 feet in length would have fo be buil£ at the lower fall.

At Iroquois falls in the fourth concession of Teefy township, there is another

water power which could be easily developed. At this point 'there is a vertical drop

of 15 feet, while in the first two chains from the brink there Ts an additional drop of

about 2 feet. The stream is divided above the falls into three parts by two islands.

The western and central streams take the greater portion of the volume of water.

By building a coffer-dam to shut off the water from either of these channels, turbines

could readily be put in place at the brink of the fall and power secured.

In view of the fact that the country contains so much spruce and poplar suited

for pulp making, these water pcwers are of prime importance. Even with the building

of the additional 100 miles of the Temiskaming and Northern Ontario railway neces-

sary to tap the southern part of this region, it is a question if this spruce could b-"*

profitably shipped out as pulp-wood in competition with the spruce of the Blanche

valley 100 miles to the south : but with the building of mills at some of these points

where power can be secured, the expenses of any long freight haul would be eliminated.

As the measuring instruments at our disposal for determining the area of a

cross-section of these streams were rather crude, and as surveyors engaged in the

neighborhood of Iroquois falls and the first falls on thie Frederick House spoke of
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estimating the water power at these points, it was not thought advisable to make
« "ctions and obtain approximate results as to the energy capable of development.

The volume of water in the Abitibi above Couchiching falls has been estimated by

W. J. Wilson of the Dominion Geological Survey, who made a section at this point, iS

306,000 cubic feet per minute. On this basis the horse-power available at these falls

lit about 16,000, without taking into consideration the rapids below the main fall.

The power available at Iroquois falls, and at the first falls on the Frederick Housi*

7'ould be in each case at least half of the above.

Muskegs or Peat Bogs

It is possible that, with the advances which are being made in the manufacture

of peat-making machinery, these may prove a valuable source of fuel, but it will

likely be in the country still farther north where they are more extensive, that peat

manufacture will be carried on to the greatest extent. The largest of these, in the

townships of Wark and Gowan, has an average width of a mile and a quarter, and a

length of about twelve miles. This represents an area of nearly 10,000 acres, with an

average depth of peat of 6 or 6J feet.

The second largest, in the township of Newmarket, has an area of about 2,500

acres, the greatest depth of peat being 11 feet. The muskegs in the townships o!

Edwards and Moody are about the same size and have together an area of 2,500

acres. Th;.s m-ikrs » total area of 1-^.000 acres or about li per cent, of the area of

the region. Adding another li per cent, for the areas of smaller muskegs, the total

area of muskeg within the region may be put down as three per cent, of the whole.

Below will be found analyses of some samples of peat, made by Mr. A. G.

Burrows, Provincial Assayer, Belleville.

Locality and depth.

29 m. post Piiltcn's Meridiiin, 2 ft. down
North of Aliltibi Rivur from mouth of Dokis

River, 'J ft. down
2 m. 'io c. north of 4 m. post Patten*s first base

line, 1 ft . down

Water.

Per cent.

11.28

8.72

9.42

Volatile
Comlius-
tible.

Fixed
Carbon. Ash. Remarks.

Per cent. : Per cent.

57.36 23.08

65.52 I 21.04

66.96 10.14

Percent.

8.28

4.72

5.52 {Yellowish ash

Yellowish green
ash

Yellowish ash

A sample of marl from the bottom of a small lake north of the northern arm )f

the Montreal river on the canoe route to Night Hawk lake, analysed by Mr.

Burrows contained :

Per cent.
Insolable residae 11.14
Lime 36.36
Magnesia .60

A specimen of pyrites from the west bank of the Montreal river two miles belo ?

Fort Matachewan, was found by the writer to assay $1.50 per ton in silver.

IV. PETROGRAPHY

The greater part of the region has been mapped as Huronian. In this part bsio
eruptives are the most commonly occurring rocks. Almost all stages of alteration

01 these rocks are to be seen. Some are sufficienty fresh to be classed as gabbros,

diorites, and diabases; others which have been classed as schistose greenstones and
green schists, though considerably metamorphosed, show undoubted igneous origin,

Rhile in others the metamorphism has been so great that no trace of the original

rock remains, and they can only be classed according to their principal constituent,

as chlorite, sericite, or other schists.

14 M.
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No rocks of sedimentary origin were encountered. A rock outcropping on the

right bank of the Abitibi below tlie Two portages, which in the field was thought to

be a quartzite, appears when examined microscopically to be a much altered ash rock,

containing a great deal of leucoxene and some feldspars.

Quartz porphyries outcrop at the Sandy Portages on the Mattagami, and at the

first rapid below Couchiching falls on the Abitibi. The only other acid rocks are a

sjeiiite near the junction of the two main creeks east of Patten's meridian, and a

similar rock reported by sui'veyors about the sixteenth mile on that line.

In the V-shaped Laurentian area, the apex of which reaches to within a milo

and an half of Iroquois falls, the rocks are mostly gneisses and granites with a few

mica schists and greenstones.

The contact has been located by Dr. Parks on th« Frederick House river st

Neelauds rapids, and at the point mentioned on the Abitibi by Wilson. At no point

has a clearly defined line of contact of the two rocks been established. A dike of

granite 1 foot wide in altered greenstone, on the right bank of the Abitibi between

lots 1 and 2 in the iifth concession of Calvert township, must be very near the lina

of contact. To the northeast of this point the contact has been placed near the

IC-foot dike of granite in greenstone which crosses lots 10 and 11 in the fourth con-

c<ssion of Edwards, with a direction N. 10? E. To the northwest of the apex the Tno
of contact has been plotted, cutting off the southwest corner of Aurora and passiu^

south of the granite outcrops in Newmarket and in tUe middle of lot 2 on the north

boundary of Mann, in a fairly straight line to Xeelands rapids on the Frederick

House. To the west of this river no outcrops were seen ; and as a consequence, it

it could not be determined whether or not the line of contact continues to the west-

ward as plotted on previous maps. Another V-shaped projection may be represented

by the syenite mentioned above.

Qabbrcs

From the microscopic study of a number of thin sections, those seem to be the

n:>ost commonly occurring basic eruptives. A specimen fro;» the right bank of the

Abitibi half a mile below the outlet of Abitibi lake, consists principally of augitt),

hornblende, plagioclase and orthoclase. From the angle of extinction, the plagioclase

feldspar is seemingly andesinc in pai-t at least. Quartz crystals are present in small

amount. Biotite occurs as a secondary constituent; while crystals of apatite and

magnetite are present as accessory constituents. The micro-structure is distinctly

idiomorphic.

The gabbro from near the mouth of the large creek which joins the Frederick

House li miles above the point where it crosses the district line, was found to consist

of augite, plagioclase feldspar, and secondary chlorite.

A greatly weathered specimen from lot 5 in the third concession of. Tully consists

Irrgely of decomposition products, chlorite, serpentine, kaolin and calcite being all

present. Remains of the augi'te crystals are however plainly to be seen, and small

but well-formed crystals of plagioclase with an angle of extinction corresponding to

l-ytownite. Pyrite is present as an accessory constituent.

Diabases

The best preserved specimen is from near the middle of the 42nd mile on Gal-

traith's base line. It is idiomorphic in structure and consists of augite slight'y

weathered to hornblende, plagioclase with an angle of extinction of about 20'', anJ

biotite in small amount. Considerable magnetite is also present in this rock. Specimens

from the Two Portages and elsewhere were found to be much altered by weathering.

1 4a M.



1905 Explorations in Abitibi 211

Peridotites and Picrltes

The serpsntine rock which outcrops on lot 9 in the third concession of Mann, and
on the Frederick House river at the Three Portages, is most interesting in th'n

section. Besides the serpentine which is the chief constituent, considerable magnetite,

i nd some orthoclase are also present. Under crossed nicols the shape of olivine

crystals with characteristic net structure due to weathering can be distinctly seen,

but the olivine has been almost enirely weathered to serpentine. This points to the

lock being an altered peridotite.

A schistose greenstone from lot 8 in the third concession of Prosser consists largely

of serpentine aggregates, and chlorite, with pyrite in subordinate amount. Remains
of crytsals of olivine and augite imply that this rock is a greatly weathered picrite.

Diorites

A greenstone from thie west side of lot 2 in the second concession of Mann was
found to consist of hornblende, biotite, plagioclase, quartz and magnetite. Horn-
blende, which is the chief constituent, is present in large crystals, and also in small

needle-shaped crystals within the quartz. The rock is best described as a quartz

diorite.

Diorite porphyrites, which have been described by Dr. Parks, outcrop along the

Frederick House river, near the north and south town-lines of Mann. These rocks

contain large crystalline aggregates of plagioclase feldspar in a diorite ground-mass.

A greenstone outcropping 2 J miles east of 14 m. 30 c. on Patten's meridian may
bis! be described as an altered diorite. Chlorite and serpentine are both present in

coi;siderable quantity, the first distinguishable by its dull polarization colors and
parallel extinction. A mineral with high double refraction appears to be epidota,

lormed from decaying feldspars. A completely weathered white mineral gives the

rock fi poikilitic structure.

Schists

The schists, which include hornblende, chlorite, sericite and quartzose schists, are

found in the southern part of the district.

Most of the green schists consist principally of hornblende and chlorite and
contain pyrite, magnetite, or even hematite as accessory constituents. The best

example of chlorite schist is from the shore of Abitibi lake, about one mile east cf

the end of Galbraith's base line. The only sericite schist examined outcrops on a

small island near by.

A light-colircd n ck which outcrops in association with green schist below the Two
Portnges, tliorgh resembling a quartzite, appear under the microscope, as a much
altered ash reck. It I'onsisis I'lrgely of leucosene with small quantities of feldspars,

chlorite and possibly quartz.

Schists containing considerable quartz outcrops in the southern parts of Little

and Prosser. These are greatly stained by limonite.

The gTrnciifcrons biotite schist at Neelaiids rapids was the only sample examined
from the Laurentian portion of the region.

Porphyries

Two quartz porphyries were noted, one outcropping as a dike at the first rapids

below Couchiching falls on the Abitibi, and the other at the upper rapids at tka

Sandy portages on the Mattagarai. The first contains phenocrysts of quartz in a
badly weathered ground-mass. The second is porphyritic in structure when examined
iti thin jeilion, with an unusually l<Trge prjportion ol the constituents crystallized

<uit from a devitrified ground-mass. Crystals of quartz and orthoclase are distinctly
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seen under the microscope, and others which appear to be of plagioclase with an

angle of extinction of about IS**. The fine-grained nature of this rock causes it to

resemble a quartzite in the field.

Granites and Gneisses

These rocks of the Laurentian portion of thte region are the only ones of an acid

nature besides the few quartz porphyries and syenites which occur as dikes in the

Huronian. The gneisses, which are indistinctly banded and similar in composition to

the granites, might be described as gneissoid phases of these rocks. The granites

include hornblende and biotite varieties. The scarcity of outcrops, excepting along

a short portion of the Abitibi, made it difficult to secure fresh specimens.

One of the best preserved specimens from the bank of the Abitibi near the post

foi lots 2 and 3, concessions V and VI of Calvert, is composed of orthoclase, quartz,

hornblende, and plagioclase, and is distinctly porphyritic in structure. The hornblende,

which is composed in part of twinned crystals, can be seen changing to bictite. Sec-

ondary kaolin has also been formed from the decay of the orthoclase, and apatite

ciystals are present as an accessory constituent.

In closing, I wish to thank Dr. Coleman and Dr. Walker of the University .•>'

Toronto, for assistance in the study of the rocks described.



AGRICULTURAL RESOURCES OF ABITIBI

BY ARCHIBALD HENDERSON

In May, 1904, Mr. T. W. Gibson, Director of the Bureau of Mines, instructed tho

writer to accompany, in the capacity of agriculturist, Mr. J. G. McMillan, B.A. Sc,

in an exploratory survey of that part of the northern clay belt lying between lake

Abitibi and the Mattagami river.

We set out in two canoes on the west branch of the Spanish river at Matagama
siding, on the Canadian Pacific railway, in the early morning of June 1, and seven

days later the scene of our explorations was reached. Work began on June 9 in tho

country between Murphy township and the Mattagami river. The last camp from

which overland trips were made was on the Frederick House river about four miles

below milepost 157 on Niven's line. The homeward paddle started from here on

Sfptember 24, the Temiskaming and Northen Ontario railway being reached at tho

point where it intersects the Montreal river on Monday morning, October 2. Thus

four months were spent in the north country.

THE TERRITORY EXPLORED

The district with which this report is concerned is roughly one thousand square

miles in extent, i. (.. about twenty-eight townships. It includes the townships of

Wark, Gowan, Prosser, Tully, Little, Mann, McCart, Newmarket, Calvert, Aurora,

Teefy, Edwards, Rickard, Wesley, Knox and Moody; the unsurveyed area between the

eastern boundaries of Knox and Moody and lake Abitibi, which is approximately

equivalent to two townships ; the unsurveyed area between Murphy and the Matta-

gami river, roughly one township and a half ; an unsurveyed area northwest •'f

Pressor, one-half a township ; six townships north of Prosser and Tully ; and two
townships north of Mann.

This country was explored by overland trips, two or three miles apart. Notes

were made at the end of each mile, recording in chains the length of each) of the

various types of surface as I shall describe them. Here and there samples of soil

for future chemical and physical analysis were taken. I am enabled thus to present

a report on the whole district and on each township, stating in botli cases an estimato

of the proportional area of each of the various types of country.

The report of the work accomplished is presented under the following headings:

I. Soil and Timber.

(a) General Description.

(b) Description of Townships.

II. Climate.

III. Flora.

IV. Fauna.

V. Conclusions.

VI, Appendix.

(1) Results of Chemical Analysis of soil samples by Prof. Harcourt.

(2) Results of Physical Analysis of soil samples by Prof. Reynolds.

[313]
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I. SOIL AND TIMBER

(a I General Description

For tlio sake of avoiding repetition, and also for the benefit of those who

wish only a general idea of the soil and timber of this region, I shall describe the types

of area of which it is composed, and refer to their relative proportions. Afterwards,

I shall describe individually the townships explored, giving the percentage of the

various types present in each, and other details.

The types of country are as follows: (1) Black Spruce Forest; (2) River Bank,

(3) Poplar Knoll ; (4) Muskeg ; (5) Jack-Pine Plain ; (6) Rock.

(ll BLACK SPRUCE FOREST

Over half—about 59 per cent.—of that part of the Clay Belt explored is covered

by a Ulack Spruce forest. The subsoil is mostly wet clay and clay loam overlying

which are from one to four feet of rich black mould, which, when mixed with the clay

by cultivation, will make a good soil for farming purposes. Above this again, are from

six to twelve inches of moss, mostly a species of sphagnum. Many areas are drier in

nature, waterpools being infrequent, and the surface net so flat as is usually the case.

The soil in these is often of a lighter nature, being a sand loam in some cases. It is

covered by only a few inches of decaying organic matter, on which many bryineous

mosses thrive.

As the name of this type of area inditatp^. the predominant forest tree is the

black spruce (Picca nigra.) This tree varies very much in size, attaining a diameter

in some areas of fifteen inches, but averaging from eight to ten, and having clean

boles from forty to seventy-five feet in beight. Its growth is a slow one, the eighf-

inch tree often being about one hundred years old.

The next most prrniinent tree is the tamarack {Larix Am(ricani). This tree is

thinly scattered throughout the spruce woods, but in some of the very wet localities

it becomes the predominant timber constituting the so-called tamarack swamps.
Unfortunately, the tamaracks of this region are now all dead, having been killed

within the last few years by the larch saw-fly. In the tamarack swamps there is a

dense undergrowth of hoary alder (.i/jii(.« incana), which makes "travelling" in these

localities exceedingly difficult. Many of the tamarack, ten to fifteen inches in diameter,

are as yet perfectly sound and would make good railway ties, for which! purpose su';h

timber has been utilized in the Temiskaming country.

The balsam {Abies balsamea) is also found almost everywhere throughout the

spruce forest. The trees, however, are usually small, both in diameter and height,

and are of little commercial value. Moreover, the wood is very soft, and they are

therefore readily broken down by winds, and are thus, more than any other kind of

tree, responsible for the great number of fallen trees characteristio of the region.

White birch (BetuJa papyrifera), not often over twelve inches in diameter, is

sometimes found in the drier parts of the spruce forest. As has been said, the soil

in such localities is often of a lighter nature than elsewhere. White spruce {Piaa

alba), too, often grows in thtese areas.

(2) RIVER BANK

In the region covered by this report there nre three large rivers, the Mattagami,

the Frederick House, and the Abitibi. Besides these rivers there are numerous

tributary streams, and along either side of all, there is a strip of country var.ying
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in width from a few chains to two miles, which differs very much, from the spnice

forest. It has been called the River Bank type. A similar area around small inland

lakes in also included in this tjrpe.

The soil is, as a rule, a clay loam or a loam with a good amount of humus, and, as

the luxuriant natural vegetation shows, as well as the chemical and physical analyses,

is admirably adapted to the purposes of the agriculturist.

Typit-al ri\«T Imiik s -eiie. .Muiilli oi Black river.

The most apparent difference, however, between the black spruce forest and the

river bank types, is in the forest growth. The predominant tree in the latter is tha

aspen poplar {Populus tremuloides), which sometimes attains a diameter of thirty

inches, averaging about fifteen. Many of the very large trees are rotten in the center,

having attained their maximum size and begun to decay. The aspen has been very

useful to the settlers of Manitoba and the Ncrth-west Territories for building purposes,

and is still much used there as firewood. The aspen of the Clay Belt, however, is a

very much larger tree than that of the West.

The nest most common tree is the balsam, which averages about eight inches in

diameter. As stated above it is of little value.

The white spruce, the most valuable timber tree of the Clay Belt, grows along

the river banks. It frequently attains a size of twenty-eight inches in diameter,

averaging about sixteen. One tree, which grew on the bank of a creek in Tully

township, and which was cut down hy the surveyor, measured thirty-two inches across

the stump. This tree had only one hundred and twent-eight annual rings, thus

indicating a rapid growth when compared with that of the ordinary tree of the black

spruce forest. The white spruce is also sometimes found inland growing with black

spruce, white birch, and aspen.
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A growth of white cedar (Thuja occidentalis), is usually present along the margins

cf the rivers. This, for the most part, is commercially valueless ; but around the

shores of small inland lakes there is sometimes a growth of short thick cedar, many
trees even twenty inches in diameter and not more than twenty-five feet high.

Wherever the river bank is sandy or rocky the white birch grows ; but it does

nol' often attain a great size, averaging ton to twelve inches in diameter. A few

jack pine (Pinvs Banksiana) are occasionally a.ssociatcd with the white birch and ether

trees in such localities.

Young poplar knoll. Knox Township.

Growing with the aspen almost everywhiere, but much less abundant, is its close

relative, the balsam poplar or balm of Gilead (Popiihts balsamifera). This tree in

of small plants. These have aided greatly in enriching the soil, and in this way are-

of more value than commonlv thought.

Besides the forest trees there is on the river bank soil, a very luxuriant growto

t'f small plants. These have aided greatly in enriching the soil, and in this way ara

of more value than commonly thought.
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Large poplars, 22 and 24 iiichi.'!- in dianietur.

Finally, it should be mentioned that the surface of the river bank country in

many localities, is rendered very uneven by numerous short ravines, sometimes having

Bteep banks.

(3) POPLAR KNOLL

Here and there throughout the spruce forest is a slightly elevated area resembling

the river bank type, both in soil and vegetation. Like the latter these areas are

well drained, and in this respect differ from the black spruce forest.

Calculated together the river bank and poplar knoll types occupy about twenty-

five per cent, of the whole region.

(4 I MUSKEQ

The muskegs of this region vary in size from a few acres to several square miles.

In the exreme condition they are treeless tracts of deep sphagnum moss, with ofta'i

a marshy pond in the centre. Around such an open muskeg the vegetation shades
off gradually into the spruce forest, the moss decreasing in depth as the spruce
trees increase in size. Thus there are large areas around the open muskegs with a
sparse growth of stunted black spruce and tamarack, two to four inches in thickness
and twelve to twenty feet in height These muskeg trees, althjough so small, are the
eldest trees in the country, one spruce only three and a half inches in diameter being
-Ab hundred and ninety years old.

The sphagnum swamps are usually a considerable distance inland, and from the

fact that small creeks were often obsei ved to have their crigins here, it would seem
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that many of them can be drained, cleared, and the underlying soil used for farming

purposes, as has proved true of similar areas in southern Ontario.

Typical nniskcg scene.

The peat of the muskegs is sometimes over eleven feet thi(?k, usually resting on

a clay bottom. They occupy about thirteen per cent, of the whole region traversed,

and in a country lacking coal will doubtless afford a valuable supply of fuel in the

days to come.

(5) JACK'PINE PLAIN

As its name signifies the jack-pine plain is a level area covered with a growth

of jack-pine (Pinvs Banksiana). These trees are sometimes sixteen inches in diameter,

but average about twelve. Their timber contains much resin and makes good

ties. Besides jack-pine a typical desert vegetation is present,—heaths, reindeer

moss, bracken fern, lycopods, sweet gale, etc. The soil is sometimes a very fine white

sand, though often coarser and suitable for building purposes. As the chemical

analysis shows it is of no value agriculturally.

This type of area occupies about tliree per cent, of the whole region traversed,

and is most often found on the divides between adjacent river systems.

(6) ROCK

Occasionally small outcrops of rock, mostly of Hurouian age, occur. Usually the

outcrops are sparsely wooded with small black spruce. Often around an outcrop is

a sandy or bouldery area on which there is a growth of white birch, white spruce,

jack-pine, and sometimes a few small poplars. Rock forms less than one per cent, of

the district.
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SUMMARY

The region traversed, approximately one thousand square miles in area, is made

up as follows :—

•

Per cent.

Black spruce forest 59

River bank and poplar knoll 24.5

Muskeg 13

Jack-pine plain 3

Rock 5

Total 100

Jack jjine plain, Mattajiami. Porcupine portages.

These figures have been calculated from those which are given in the description

of the townships. The niethc d of estimating the percentages of the various types of

area in each township is explained in the description of the first one.

raft !

1

(b' Description of Townships

MURPHY TOWNSHIP TO MATTAQAMI RIVER

Four overland trips were made through this unsurveyed region, as follows:

(1) Up the western boundary of Murphy on Speight's meridian from M. VII, 50

chains to M. XII. This line was reached by ascending a creek which empties into the

Mattagami near the northwest corner of Tisdale township.

(2) West from the northwest corner of Murphy to the Mattagami, eight miles

and fifty chains (8 m. 50 c.)
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(3) West from the irestern boundary of Murphy township, three miles south of

the second trip, to the Mattagami river, seven miles and seventy chains (7 ra. 70 c )

(4) South, thirty degrees east, from a point on the Mattagami where ft was
reached on the third trip to another point on this river in that part of its course

which forms the southern boundary of this area, five miles and forty chains (5 m.

40 c.)

These four trips total 26 m. 30 c, and according to my chainage notes, this distance

is apportioned among the various types previously described as the following table

of distances and corresponding percent>ages shows. The last column gives in inche»

the average diameter of the trees.

Type. Mileage.
1

Per cent. Trees.

Black spruce forest 18 m. .5 c.
River bank and poplar knoll ' Sm. 55 c.
Muskeg 4 m. .iO c.

Total 20 m. 30 c.

68
14

IS

7
10-12

100

These percentages approximately represent the proportions of the various types-

of country present in the region under consideration. Thus it may be said that

sixty-eight per cent, of the region is black spruce forest; fourteen per cent, is river

bank and poplar knoll; and eighteen per cent is muskeg. (In the descriptions of the

remaining townships the percentages will be given without reference to the distances

from which the percentages were calculated. It is sufficient to state that this distance

averaged twenty miles and fifty-eight chains per township).

Included in the sixty-eight per cent, of black spruce forest is a considerable
amount of tamarack swamp. If calculated alone it would form about four per cent,

of the area. This is more than is usually present.

The strip of river bank country along the western boundary of this area is about
thirty chains wide, and has a descent to the river of sixty ^eet in ten chains. It

is well wooded with the usual river bank trees—poplar, spruce, balm of Gilead, birch,

balsam and some fair cedar. The banks of the Mattagami along the part of its course
which forms the southern boundary of this region are very similar.

WARK TOWNSHIP

Type.
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One of the largest muskegs seen during the summer occurs in this township. It

extends from the northern boundary at a point two miles from its eastern extremity

for three miles in a southerly direction, and at least two miles from east to west.

Indeed, it is probably a continuation of the muskeg that was crossed in Wark at this

latitude.

The Porcupine river touches upon the southern boundary of Gowan, and a western

branch of this river drains a portion of the township. The banks of these streams

are ten to twenty-tive feet high, and are of the usual type, being well wooded with

poplar, some twenty inches in diameter, averaging, however, thirteen; white sprue,

many sixteen to twenty-two inrhos ; balsam, black spruce and balsam poplar. This

river flows through Hoyle, the township south of Gowan, and throughout its whole

course its banks are of this nature.

Wark and Gowan are very flat townships, and are poorly drained. This fact is

indicated in the table by th« large per cent, of muskeg, and the small amount of

poplar knoll.

PROSSER TOWNSHIP
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TULLY TOWNSHIP

Type.

Black spruce foresi.
Popliir knoll
Muskeg
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r.ortli, 2 m. ; east, 3 iii. Thus thds region lies west of the western boundary of the

township north of Prosser, and is three miles wide.

As the table sliows, this area is very largely a spruce forest, but among the

black spruce there are a good many dead tamarack. In fact, in the southern part
there are some stretches of tamarack swamp. Doubtless the surface is better drained
farther west nearer the Mattagami river.

SECOND TOWNSHIP NORTH OF PROSSER

T.v|....
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LITTLE TOWNSHIP

Type. I'crceiit. Trues.

Black spruce fore.st

Poplar knoll and river bunk.
Miiske;;
Jack pine area

The Frederick House river flows almost diagonally through this township, from

southeast to northwest. In this part of its course it is about two chains wide, anJ

has a sluggish current, unbroken by any lapids. For the first mile it has low swampy
hanks wooded with ten-inch black spruce, but for the rest of its course in this town-

ship its banks are from thirty to forty feet high, of good clay loam, and well wooded

with poplar and balm of Gilead, sometimes twenty inches in diameter, but averaging

sixteen, and white spruce, sixteen inches. This timber and soil extend inland about

twenty chains.

The southern boundary of Little extends for 1 m. 15 c. from its eastern end

through spruce woods. The trees average eight inches in diameter, and grow on u

clay subsoil, overlying which is a foot of black mould. The next 47 c. e.\tend over b

small muskeg, and the rest of the southern boundary through a jack-pine area, in

which is an occasional small muskeg with a sand bottom. This area was burned over

about fifteen years ago, and is now wooded with small trees, five or six inches in

diameter. As usual in jack-pine areas the soil is a very light sand, and of no value

agriculturally. Toward the western end of this boundary there are several sandy

hills covered with young white birch and jack-pine. The jack-pine region extends

in a northwesterly direction from the point where it begins on the southern boundary,

». e. 1 m. 62 c. from the eastern side of the township, for a distance of about three

miles. It is, however, broken by small areas of muskeg (probably with sand bottoms),

tamarack swamp, and one small rock outcrop. Thus the southwest corner of Little,

an area probably about one-fifth to one-quarter of the township, is of no value for

farming purposes.

MANN TOWNSHIP

Type. Percent. Trees.

Black spruce forest

River bank and poplar knoll 26

Muskeg 8

66 ! 7
IbruU excepted.)

12
(bruUexcepted.)

The Frederick House river runs north through Mann township a short distance

from its western boundary. Its banks are here about thirty feet high and for the

southern two miles well wooded with the two poplars, spruce and balsam. This timber

extends about thirty chains inland. For the northern four miles, however, its banks

are covered with small poplar, spruce, balsam and birch, about thirty years old.

The first falls on the Frederick House occurs just within the southern boundary

of Mann. Here there is a drop of forty-six feet, which would afford valuable watsr

power.

A large proportiop of this townsliip was burned over about thirty years ago, au.l

is now wooded with spruce and tamarack, five to six inches in diameter, and poplar,

six to eight inches. The brule extends to the river banks, as mentioned above, al )ng

the northern four miles of its course through this township. It reaches a short

distance across the northern boundary beginning 2 m. 17 c. from its western extremity,
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and continuing east for 3 m. 43 c. It appears also on the southern boundary, begin-

ning 1 m. 30 c. east of the river and extending eist ti thu edge of a large muskei^.

This muskeg occupies the southeastern corner of the township, and in extent is about

one mile from east to west, and a mile and a half Trcn north to south. It is over

seven ffct deep and would thus afford a considerable supp!\ of peat

Falls on FrudtTick House river, Mann Townsliip. One of upper cascades.

The labor of clearing the land in this township will be reduced to a minimum n

account of the large amount of brule. The soil is the usual clay loam, and the drain-

age is good.

TOWNSHIP NORTH OF MANN

Type. Per cent.

Black sprvice fore.st CO
River tjank siwl f)opl»r knoll

'

27
Muskeg 13

Trees.

8
14

The Frederick House river continues its northerly course through this township,

and, as in Mann, flows quite near the western boundary. Its banks are about thirty-

five feet high and are wooded with a strip, ten to twenty chains wide, of spruce,

averaging fifteen inches in diameter ; birch, ten inches
;

poplar, fourteen inches

;

balsam and balm of Gilead, eleven inches. Thus there are more birch here than usual.

The soil is sandy in many places, and in one locality, ten chains north of the

southern boundary, where the bank is quite steep, the soil on the summit is a sand
loam, while half way down the slope it is clay. In many other localities throughout
the whole of the region traversed, where sand was found on the surface, the under-

15 M.
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Kails on Frederick House river, Maim Township. Lower western eascade.

lying soil, often only a rew inches below, was found to be clay, Thus, while sometime*

heavy poplar were apparently grow'ing on sandy soil, closer examination usually

revealed the fact that the sand was a surface-covering only a few inches in thickness.

This is the case, for example, on Couchiching Falls portage.

A creek, one ?hain wide at its mouth, empties into the Frederick House forty

chains south of the northern boundary of the township. This creek was ascended in

a southeast direction for two miles and a half, where farther passage was blocked by

driftwood, the creek now being narrowed to thirty feet. It has clay loam banks,

ten to twenty feet high, wooded with spruce, balsam, poplar and some birch.

The brule of Mann township which has been said to extend across the northern

boundary into this one, did not appear on an east and west exploration line two miles

north of the southern boundary. Tlvus the brule cannot extend far into this township.

The fact that there is an unusually large number of fallen trees in this township

should be mentioned. Their presence will considerably increas the dittH-ulty of

clearing the land.

SECOND TOWNSHIP NORTH OF MANN

Type. Per cent. Trees.

Black spruce forest

Poplar knull
Mu«keg

ISa M.

34

11

I brule excepted.
13
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A large proportion of this township was burned over about forty-fivo years ago.

Hence much of the fifty-five per cent, of spruce forest is a small spruce and tamarack

thicket, but the remainder is of trees averaging eight inches in diameter. The poplar

knells, too, are largely brule, but the trees have grown remarkably quickly, and average

thirteen inches in diameter. One, which measured fifteen inches, had only forty-three

rings of growth. It was a perfectly solid tree, forty feet high. Thje soil is a rich

clay loam.

This township seems to bo fairly well drained, having a rolling surface, and some

streams of moderate size. The Frederick House river flows northwest across its south-

western corner, crossing the western boundary one mile from the corner, i. «., at

m. 157 on Niven's line.

McCART TOWNSHIP
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The black spruce forest of this township is considerably broken by areas of

tamarack swamp, in which there is now a very dense growth of heavy alder.

The central part of the township has a rolling surface, and here white spruce anj

poplar are scattered through the black spruce forest. This part of the township, with

its beautiful valleys will make exceptionally good farming country.

CALVERT TOWNSHIP

Type.

Blaok spruce forest

I'oplar tuoll »iid river bank
Muskes
.lackpine area
Rock

Per cent.
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soil. Thus in the poplar areas in the eastern part cf this township there are many
large white spruce eighteen inches in diameter, but averaging about sixteen, besides
the poplar, which average eighteen inches.

The jack-pine plain, which in the description of McCart township was said to

stretch along the middle two miles of its eastern boundary extends into this township
in a northeast direction. Along the line between concessions five and six it extends

for 2 m. 55 c. The trees average twelve inches. Along this line one mile and three-

quarters from the western boundary the jack-pine plain is broken by a rocky hill

ebout one hundred feet high. Owing to the covering of black spruce and jack-pine

on this hill a good view of the surrounding country could not be obtained. What could

be seen to the north appeared to be nearly all black spruce forest.

AURORA TOWNSHIP

Type,
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boundary the river banks are much higher, and are wooded in the ordinary way, i. e.,

with good poplar and large white spruce predominating. Some fair sized cedar, many

trees fifteen inches in diameter, also occur.

Inland from the river the township is largely of the black spruce forest type.

The trees, though of a fair size, averaging nine inches, are rather scattered, as there

are a great many "windfalls" in this township. The soil is for the most part the usual

clay liam.

TEEFY TOWNSHIP

T>|.,-

Bliiok spruro fort-si

JtiviT bank and pt>plar kuoll
Muskee
Jack pine urea

3-'

Trees.

11

18

The Abitibi river flows through Teefy township in a course shaped like a horse-

shoe, with the concavity directed northward. Toward the eastern side of the township

the banks are rather st«ep, about seventy feet high, and wooded with poplar, some

twenty-nine inches in diameter, but averaging eighteen ; black and white spruce.

Iroquois Kails, western liivisiun, Tei^iy TdWiishi]!.

fifteen inches; balm of Gilead, sixteen inches; balsam and occasional birch and jack-

pine. Along the western part cf its course the river has lower and more gradually

rising banks, beautiful slopes with timber and soil as in the other part. In this

western part Irojuois falls, fifteen feet high occur. These falls will be a source of
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JriKjuoi." Tails, westcriijiinl i-i'iitnil ilivisions, Tet'fy Township.

I

valuable water power. The river hanks, in both the eastern and the western parts of

its course, arc broken by numerous ravines, the depth varying with the height of the

banks. Many of them have steep sides.

Abitibi river bank near nortb-east corner of Teefy Township.

,ua;'

A very rich clay loam soil is common to the sixty-two per cent, of the township

covered with river bank and poplar knoll timber. The river bank timber extends

inland from one to two miles, and farther inland are many poplar knolls with timber
and soil like that of the river bank.

The jack-pine occur along the eastern boundary beginning ten chains south r>f

the river, and extending south for 1 m. 12 c. Some white birch, black and white

spruce and balsam are associated with the jack-pine in this locality. Three small

lakes occur along this boundary.

»»'
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EDWARDS TOWNSHIP

Type. Percent.

Black spruce forest

Poplur knoll
Muskeg
Rock

C4

22
13
1

Trees.

(bruU excepted)
13

An area of brule twenty to thirty years old occfr; ies the northeast quarter of this

towriibip. Throughout the brule there are occasional small islands of the original

fcrest. Elsewhere it is a small spruce and tamarack thicket, with few poplar and

birch.

On the northern boundary 2 m. 20 c. from its eastern end there is a hill of rock

about sixty feet high. From the top of this hill the country to the north appears

to be almost wholly black spruce forest, while to the south there is a considerabls

pioportion of poplar knoll, indicating better drainage in that direction.

The muskeg, it would seem, is for the most part near the center of the township.

RICKARD TOWNSHIP

Type. Per cent. Trees.

Black spruce forest

River bunk and poplar knull

.

MuskcK
Jack-pine area

38
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extending south 1 m. 73 c. It thus reaches into Rickard and Knox for a short dis-

tance. (3) On a north and south line, 2 m. from the eastern boundary, beginn'ng

3 m. 10 c. from the northern boundary, and extending south for 1 m. 59 c.

Thus there appears to be a strip of brule about two miles wide extending across

Ihe township from southeast to northwest. Most of this is of the poplar knoll typo.

KNOX TOWNSHIP

Type.
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Couchiehing Falls, Abitibi river.

Couchiching Falls, Abitibi river, upper drop.
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The Abitibi flows west about three miles north of the south boundary of this town-

ship. Its banks are about thirty-five feet high, and are of the ordinary type, clay

loam wcoded with poplar and spruce chiefly. Couchiching Falls, thirty-five feet high,

occur about one mile and a half from the western boundary and would afford valuable

water power.

Flowing into the Abitibi from the south about three miles from the western

boundary is a beautiful stream of clear water, the Dokis creek, one chain wide at its

mouth. Its banks are from ten to fifteen feet high, are of clay loam and well wooded.

Some areas of sand loam occur in this township, e. g., along the southern boundary.

On this boundary, too, 4 m. 7 c. from the western end, there is a s] ring of sulphur

v/ater which deserves mention.

Only the western and northern boundaries of this township have been run.

TOWNSHIP EAST OF MOODY

Type. Per cent. Trees.

BUck spruce forest.
Poplar knoll
Muskeg
Jack-pine area

18
1-2

13

The immediate shore of lake Abitibi, which adjoins the eastern side of this area,

is for the most part very rocky though in some places sandy, and in others swampy.

The neighboring bank is from thirty to fifty feet high, and is wooded with spruce,

birch, jack-pine, poplar and balsam, growing mostly on a sandy soil.

The northern part of this area, that which is drained by the Dokis river, is from

the agricultural standpoint, the most valuable.

Only the western and northern boundaries of this township have been run.

THIRD TOWNSHIP NORTH OF TULLY

The number of miles travelled in this township (and also in the next one), is so

much smaller than usual (the average being 20 m. 58 c.), that it will not justify the

drawing up of a percentage table.

The Frederick House river flows northwest across the eastern boundary one mile

from its southern extremity, and continuing its northwesterly course crosses the north

boundary at its middle. For the northern two miles its banks are about thirty-five

feet high, of a clay loam soil, and are wooded with large poplar, spruce, balsam and
some baku, and birch. At the northern boundary this timber extends inland fourteen

chains on the west side of the river. For the rest of its course in this township the

banks are lower, are of a sandy soil, and are wooded with spruce, birch, bals.i,m and
few poplar.

Several lakes in this township have steep banks, forty feet high, wooded with

large spruce, poplar and birch. These lakes would appear to form part of a chain

of small lakes about one mile west of the river.

Inland the township is largely of the black spruce forest type, with trees averaging

seven inches in diameter.

THIRD TOWNSHIP NORTH OF PROSSER

Flowing north through this township and crossing its northern boundary 1 m.
24 c. from its eastern extremity is a river two chains wide, with banks about twenty-

five feet high, wooded as usual. The trees here however are young ones, one poplar

seventb,5n inches in diameter having only forty annual rings—a remarkably quick
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growth. The brule, of which these large poplar trees form a part, extends along

rearly all of the northern boundary, and is mostly a small spruce and tamarack thicket.

One of the finest poplar knolls seen during the summer, however, is included in this

brule, and occupies the northwestern corner of the township. The trees average

twelve inches in diameter, are about forty years old, and there is scarcely a fallen tree

Falls on Montreal River at Gieat Northern Bend.

in the whole area. Only small stretches of this brule were seen on an east and west

line three miles south of the northern boundary. This line extended for the most part

through wet spruce woods, the trees averaging six to seven inches in diameter. Here
and there however were small areas of muskeg.

II. CLIMATE

Temperature

An accurate record of the temperature was kept during the four months in the

Clay Belt. The minimum temperatures were registered by a minimum thermometer,

and the readings were made about seven a. m. The temperatures noted between one

rnd two p. m. are approximately the maximum. In addition to the minimimi and
maximum temperatures a reading was made in the evening about half-past eight

o'clock.

These temperatures are presented in the following table, together with some

notes on the amount of rainfall and sunshine, and the relative velocity and direction

of the winds.
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JUNE

Date.
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The next table gives the average daily minimum and maximum temperatures

for each month, and the monthly extremes of the summer of 1904, in the Clay Belt

and in the vicinity of Guelph. These latter figures were kindly supplied by Professor

Reynolds of the Ontario Agricultural College.

TEMPERATURE OF CLAY BELT AND GUELPH

Month Region
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night would be much more affected by the proximity of this ice than the maximum
taken between one and two o'clock, when the heat of the sun is greatest. When the

country is cleared this ice will melt in the spring, and the minimum temperatures

will be considerably higher.

There is reason to believe, however, that the summer of 1904 was unusually coil

in the clay belt. Mr. T. B. Speight, O.L.S., in the report of his explorations in this

ifgion in 1900, says that only two frosts occurred during the whole of that summer.

Again, Mr. G. F. Kay, B.A., reports concerning the temperature of the same region

for the summer of 1903,that no frosts occurred between 17th June and 1st September.

The whole region which this report concerns is south of the forty-ninth parallel

cf latitude, which constitutes the southern boundary of Manitoba. Hence, from con-

siderations of latitude there is no reason why the climate of this region should bd

more severe than that of southern Manitoba.

That certain vegetables and fruits can be grown in this region even at the present

time is known by experiment. An Indian who lives on the western shore of Frederick

House lake has fair success in raising potatoes, even though he merely throws the seed

on the ground, covers it with a little soil, and then pays no attention to his gardoa

until he digs up his crop in the autumn. At Fort Matachewan, according to Mr.

Lafracain, potatoes grow well, as also rhubarb, lettuce, radishes, onions, carrots and

cabbages. Some seasons pumpkins and cucumbers do well. Mr. Miller, of Fort Matta-

gami, tells a similar story. He has succeeded in growing some cf the smaller fruits

as well as many vegetables.

Rainfall

June and July in the Clay Belt in the summer of 1904 were good growing months,
with plenty of sunshine and a sufficiency of rain. August was a duller month, and
had a greater rainfall. September was a very wet month with numerous rain storms,
and, on the twentieth and twenty-first days, snow flurries. It is an interesting fajt

that thunder storms were noted on only three occasions, 17th June, 17th July, and
28th August, and these were of the mildest possible nature, when compared witb
the frequently heavy electrical storms of southern Ontario.

Seasons

Mr. James Miller and Mr. S. Lafricain, Hudson Bay Company factors at Forts

Mattagami and Matachewan respectively, say that winter sets in about the middle of

November, an3 that the snow disappears and the ice breaks up about the end of

April or early in May. The snowfall amounts to three or four feet. Thus it would
seem that winter in this part of the Province is not much more severe than was that

of 1903-1904 in southern Ontario, and that it resembles very much the ordinary winter
of Manitoba.

The Clay Belt summer is somewhat shorter than that of southern Ontario. The
fact that it is about three weeks later is shown in the list of flora, which gives dates

of flowering of plants in both parts of the Province. The early autumn is shown in

the temperature record.

III. FLORA
The plants named in the following list were identified by the aid of Gray's

Manual of Botany. In some cases it was impossible to be certain of the diagnosis

because of the scant literature at hand, and on account of varieties in the Clay Belt

not yet described. The names of such plants are marked with au asterisk.

The date of identification, which in most species is approximately tITe first date

of flowering, is given alongside the name of the plant, together with, in many caseS;

the first date of flowering of the same plant in the vicinity of Guelph. The latter dates

were kindly supplied by Mr. A. B. Klugh, secretary of the Wellington Field Natural-
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isi Associatioiij to whom I here tender my thanks. A comparison of a large number
of the dates of flowering shows that the summer of the Clay Belt is from two to three

weeks later than that of southern Ontario.

Flora of the Clay Belt

Plant

>ambuous racemosa
Viola bliinda ,

Trillium tfmndiflorum
L*>uict*rii ('ilinta

,

AniclancliiiT Canadensis
Aralia iitidicaulis

Riln'S iltiridiim
,

cyijnsbati
" jinistrHUnn

McnvHiithes trifoliata

A('t;i-a siiicata, rubra
CliiyioDiM Cjiroliniana
Kvibus striK"Su.s ,

Irillorus

(')iltha pnlustrls
HaTiuni'uhis abortivus
Tricnulis Americana
Merteiisia paniculata ,

Ptrt'yit/iiius roseus
Salix lUKTM
Trillium cernunm
Mili'lla inula
Kibes rubrura
Anemoiu- nemoroRft
Andromeda polifolia
Smilarina slelbita

kalniia frlanca
Li.>uioera ccerulen

" iuvoluerata
Ledum hitifolium
Cnplis tri folia ,. .

.

C'nnius ("anadense
VHccinium rennwylvanicum
Vitila rotundifolia
Cii 1 y pso boreal is

Fragaria Virginiana
vesea

*Lnthyrus mnritima
Clintonia borealis
Maiunthemum ('anadense

—

Siirracenia purpvirea
VMeciniura Oxycoccus ,

Comandra livida
Linnaea •orealis
]ris versicolor
Smilicina trifolia

,

Cypripedium pubescens
.Kosii blfluda
Geum rivale
Cornus stolonifera
Osmorrhiza brevistylis
Ranunculus hispidus
Viburnum npulus
Louicera oblontiifolia
PolyKonatum biflorum
Ranunculus Flammula var. in-

termedins
Pyrns Americana
*Comandra pallida
Oxalis acetosella
Anemone Fennsylvanica
Corydalis glauca
Nupbar advena
Pyrola rotundifolia, incarnata
Thalietrnm polygonum
Galium triflorum
Pyroirt cblornntha
Cypripedium parviflonim
Arciinria Gnenlandica
Kalmia angustifolia
Anemone parvifiora
Galium tritidnm
Cypripedium acaule
PotentiUa Pennsylvanica
Pyrola rotundifolia
Louicera .SnllivantU
Geum strictum
Diervilla trirtda

Arethusa bulbosa
Qoodyera repens .'..

Clay belt

June

July

GuGlph

May .

Jiine.
May .

Apr..

May .

June.
May.

June

May

June

May
June

June.

.27

May... 24

July .

Plant

Ranunculus septentrionalis

.

Cirraea Alpina
PotentiUa palustris
Epilobium augustifolium
Pyrola sccuiida

j

Halcnia d'-lU-xa

j

Habcnariti braeteata
I
Campfinnhi rotundifolia

I Viburnum eassfcioides
Pyrola minor
PotentiUa fruticosa
Pogouiu pciidnhi

1 Cornus piiniculata
i HabciiHriii hypiTborea
•Epilobium Ilornemanni
t?isyriiichinm augnstifolium.

I

Habenaria dilatata
i*Seutellariji lateriflora
Epilobium linenre
Cypripedium speetabile

: (Jeum Iriflornm
|*Seutcllaria galericntata
j

Toficlclia palnsiris

I

Moncscs (:;randiflora

Angelica atropurpurea
I Monotroi«i Hypopitys
; Veronica scutellala'

I

Galium asprellum
j
Nasturtium otlieinale
Pogonia opbioglos-soides
•Rumex Britlaniea

,

Epilobium coloratum
Monotropa uniflora
Spiraea sjilicifolia

Mimnlus ringcns
Eupatorium agerntoides
Campanula ajiarinoides
Ranunculus cireinatus
Lobelia spicata

,

Polygonum amphibium
,

Mentha Canadensis
Sagittaria variabilis

,

Ranunculus Flammula var.rep-
tans

Ranunculus allinis

Aster tarditlorus
" puniceus var. lueidulus.

Solidago uligiuosa
Spiranthes Romanzotliana
Urtiea gracilis
Gaultheria procumbens
Impatiens fulva
Scutellaria canescens
Corydalis aurea
Che'lone glabra
PotentiUa tridentata
Bidens cernua
Hypericum I'anadense
Solidagi > rugosa
Aster macrophyllus
Aster Nov;i -Anglise
Stellaria lougifolia
Aster nuiltiliorus
Hierai'ium Canadense
Agrimonia Eupatoria
PotentiUa fruticosa
Prenanthes raeemosa
Engeron acris
Aster paniculatis
Betula pumilla

" glanrlnlosa
Poa serotina
Myrica asplenifolia
Apoeynum androsaemifolium .

Calla palustris
Prunu-s Pennsylvanica
Vaceinium uliginosum
Chiogenes serpyllifolia
Coryius rostrata
Typha latifoiia

Clay belt Guelph

July

Aug

Sept

June.. .22

July ....6

June... 26

...28

...28

...24

...22

'• ...20
July ....5

June... 29
•' ...30

July ...25
" ...20

...13

...15

...19

" ...16

" ...25

Aug ....3

" ....9
July ...25

" ...27

IG M.
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Rubus chamaemorus.
Crataegus Crus-galli.
Lilium Caniidense.
Heracleum lanatum.
Geranium Carolinianum.
Ceratophyllum demersum.

Forest Trees and Shruhf

Pioea nigra.
var. rubra

alba.
Pinus strohuB.
" resinosa.

Banlteiana.
Abiei) balsamea.
Taxus Canadensis.
Larix Americana.
Thuja oocidentalis.
Salix nigra (and other ep.)

'

Populus tremuloides.
" balsamifera.

Corylus rostrata.
AlnUB inoana.
Betula papyrifera.

" lutea.
Pyrus Americana.
UlmuB Americana.
FraiinuB sambucifolia.
Acer epicatum.

Plants Qrou'ino in Indian Gardens or on
PoTtages.

Polygonum avioulare.
dumetornm.

Capsella BurBa^pastoris.
Taraxacum officinale.
Plantago major.
Trifolium repens.
Lepidium Virginicum.
Poa pratensis.
" annua.
" compresBa.

Brunella vulgaris.
Erigeron Philadelphicum.
Achillea millefolium.
Graphalium deeurrens.
Cnicua arvensis.

Some Cryptogrants.

Botrychium Virginianum.
Asplenium Thelypteroides.
Onoclea sensibills.
Pteris aquilina.
Adiantum pedatum.
Polypodium Tulgare.
Osmunda regalis.
Lycopodium annotinnm.

complanatum.
Eqnlsetnm pratense.

palustre.
y.archaiitia ijolynioriilia.

Many lichens and mosses.

In concluding this section on the flora I would like to call attention to the luxuri-

ant growth of many of the smaller wild fruits. Raspberries in the "windfalls," and
red currants in the poplar areas are particularly common, and they attain a size and

Savor almost equalling the cultivated fruit of southern Ontario. These fruits ripeued

about 25 July.

IV. FAUNA

Fur-=bearing and Other Animals

This subject has been considered so often that it is hardly necessary to deal with

it now. One point of interest, however, must be mentioned, namely, the increase in

the number of beaver in this region, beacuse of wise protective legislation. Beaver

are now quite numerous in the western part of the region traversed, and, according

to the inhabitants of the country they are on the increase.

The skins taken in trade from the Indians at Fort Mattagami during the year

ending June, 1904, were, in part, as follows: martin, 300; bear, 15; mink, 300; musk-

rat, 2,000; otter, 38; red fox, 10; lynx, 7. Besides these animals, fisher and ermine

occur.

Of interest to the sportsman is the fact that moose are exceedingly common.
While paddling on a little creek that flows into Moose lake, three were seen in one

morning. They seem to be particularly numerous in this localtiy. Red deer and
caribou pIso occur, but are not so common as moose.

Fish

The larger rivers and lakes of the region are very muddy, and for this reason

the fisherman must use other means than trolling in these waters. The Indians with

nets catch large numbers of pike, pickerel, whitefish, and. in some localities, sturgeon.

In the smaller rivers and lakes, which usually have beautifully clear water, pike and

pickerel are readily caught with a troll.

Ifia M.

L
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Birds

The following birds were seen during the summer:

Canada Jay, Perisorens Canadensis.
Bluebird, Sialta sialie.

)

Black-headed Gull, Larus atricilla.
American Eobin, Merula migratoria.
White-throa ed Sparrow. Zonolnchia albicollis.
Wilson's Thrash, Tardus fuscesoens.
Americ;tn Kedsturt, Sedellophaga ruticilla.
Junoo, Junoo hiemalis.
Indigo Bunting, Passerina cyanea.
Prairie Hen. Tympauuehus Auiericanus.
Water Thrush, Seiurus Novel oracensifl.
Red-eyed Vireo, Vireo olivaceuB.
Phoebe, Sagoruis phoehe.
Rusty Blackbird. Scolecophagus Carolinus.
Blackburnian Warbler. Dendroica Blackburnior
Prothonotary Warbler, Prothonotaria oitrea.
Yellow-bellied Sapsucker, Sphyrapicus varius
Nighthawk, Chordeilts Virginiuus.
Belted Kingfisher, Oeryle alcyon.
Noniiern H.ivc-u. Cor\ us torax-principalis.
Flicker, Colaptes amatUB.
Bald Eagle, Halisetus leucocephalus.
Song Sparrow, Melospiza fasciata.
Redpoll, Acan'his linaria.
Cedar Waxwing. Ampelis eedrorum.
Great Horned Owl. Bubo vir^ipinnus, /

American Goshawk, Accipiter atrloapillas.
Brown Creeper, Certhia familiaris Americana.
Loon, Urinator imber.

. White Crane, Grus .\mericana.
Bine-headed Vireo, Vireo solitarius.
Hnds^ninn Chickadee. Pants Iludsonicus.
Oven-bird, Seiurus aurocapillus.
American goldfinch, Spinns tristis.
Hermit Thrush. Turdus aonalaschhae pallasii.
Ptarmigan, Lagopus lagopus.
RuSed Grouse, Bonasa umbellus.
Canada Grouse, Deudraeapus Cunnd-^nsis.
Golden-crested Kinglet, Regains satrapa.
Pileatcd Woodpecker, Ceophlceus pileatns.

The ornithologist will be interested to learn that the prairie hen was found in

tbe region. Only one flock, however, was seen. Several ptarmigan were also observed.

V. CONCLUSION
That this region will be a valuable addition to Ontario's agricultural lands can-

not be doubted. It resembles the Temiskaming district in many respects, and the pro-

gress of agriculture in this district is a guarantee of the agricultural value of the
region under consideration. Its vast extent of clay and clay loam soil, the richest and
best-drained being the twenty-five per cent, of the region wooded with aspen, poplar
and associated trees; its supply of pulpwood, which will aid the settler in making the

' "early" years profitable; its spruce, poplar, balm of Gilead and birch, which will pro-

vide a considerable amount of timber for export after the needs of the settler are

supplied; its jack-pine and tamarack, which will provide material for railway ties;

its stores of peat, which, on the development of the peat industry, will aflford a valu-

able supply of fuel ; its numerous rivers and streams, which naturally irrigate the
country and, as well, afford drainage ; its deposits of sand and gravel, and its outcrops
of rock, which will be useful for building purposes, and the making of roads; these
are some of the factors which will aid in the development of this region as soon as it

is brought into connection with southern Ontario, and the rest of Canada by railway

construction.

VI. APPENDIX

(I). Chemical Analyses of Soil

The following report on the chemical analysis of the soil samples collected by the
writer was made by Prof. Harcourt of the Ontario Agricultural College, Guelph.
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"During the last excursion of the Provincial Bureau of Mines Exploration Party

into the Abitibi, Mr. A Henderson, B.A., Agriculturist of the party, collected a

Dumber of samples of soils typical of the sections passed through. As we could not

undertake to analyse all the soils collected, Mr. Henderson selected seven samples,

each of which had been gathered in such a way as to fairly well represent the soil charac-

teristic of as many different sections of the country, and submitted these for analysis.

"The following notes on the location and the trees growing on the soil from which

the samples were taken were made by Mr. Henderson

:

"Xo. 5. From Frederick House river bank at the north boundary of Mann town-

ship. Timber—spruce 6 to 8 inches, birch 5 to 6 inches, and poplar 10 inches in

diameter, growing about 40 feet high.

"No. 9. From Teefy township. Characteristic soil of the Abitibi river bank, ex-

tending from one-quarter to two miles back from river. Heavily timbered, poplar,

spruce, balsam, and occasional birch and jack pine, trees large. There is a well

decayed covering of humus six inches deep.

"So. 11. From Knox township, jack pine soil. Principal trees jack pine, poplar,

b'ack spruce, and a few birch, rather small. Very little decaying organic matter oa

surface.
^

"No. 17. From Teefy township, at Iroquois falls. One of the most common soils

in the Abitibi district—a representative soil-—along with No. 9 of the river bank

and poplar knoll areas of the region traversed. Timber is poplar, spruce and balsam.-

Poplar grows very large.

"So. 23. From Lank of creek flowing into Frederick House river near the point

where it crosses Niven's line (mile 157). Timbered with spruce, poplar, and balsam, 8

to 15 inches in diameter. Scattered timber, much wind fall. Cedar 12 inches in dia-

meter along water edge.

"No. SO. From bank of creek in Knox township. A common soil along creeks

and rivers. Luxuriant growth of river hay, willows, alders, etc. Apparently the most

productive soil in the Abitibi district.

"No. 29. From a tamarack swamp, with a growth of large tamarack (now all dead),

and a dense undergrowth of alder shrubs. Sample taken from the top of subsoil,

ccvered by one foot of decaying organic matter. This soil is like that of the black

Epruce forest, which covers 59 per cent, of the region traversed.

"The following table gives the composition of the soils. The samples were taken

below the layer of decaying organic matter, and may, therefore, be considered sub-

soils.

(2). Composition of Soils from Abitibi District

Constituent. No. 5.



1905 Agricultural Resources of Abitibi 245

"Soil No. 11 is almost totally unfit for agricultural purposes, and No. 5 is hardly
up to the minimum limits for good crop production. Fortunately these soils form a

comparatively small part of the Abitibi district, and should never be cleared up, but

should be kept as forest reserves.

"According to the figures in the table Soil No. 30 should, other conditions beiner

equal, give the best results when it is put under cultivation. This agrees with Mr
Henderson's notes, for he pronounces this the most productive soil in the whole

Abitibi district.

"Tho most iniprrtant point in conrioction with these analyses is, however, the fact

that soils Nos. 9 and 17, which Mr. Henderson states are the representative soils of

the poplar knoll and river bank types of country (25 per cent, of the area explored),

j>re well supplied with lime, potash, phosphoric acid and nitrogen. They are a little

low in phosphoric acid, but it must be remembered these samples were taken below

the top black mould, and are, therefore, more likely to be poor in this constituent.

"No. 20, representative of the black spruce forest type of country (o9 per cent, of

the area explored), is a fair soil. The amount of phosphoric acid is somewhat low

but potash is very high. This subsoil contained more humus than any of the othsr

soils we have examined, although apparently is was not very well decomposed, becauso

the amount of nitrogen is low. I am of the opinion that this soil would, with judicious

treatment, be quite productive.

"It is very doubtful if any of the ordinary soils of older Ontario ever contained
any larger amount of the mineral constituents, and there is no apparent reason why
these should not be good productive soils."
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McCANN TOWNSHIP AND N. W. OF LAKE ABITIBI

BY J K WORKMAN

[The following: notes descriptive of the township of McCanri, which lies west of the
Tenii>kamin}i and Nortliern Ontario railway, and north of the Height of Land, and
also of the country adjacent to the base jine run by O. L. S. Speight in 1904 eastward
from the 16'2nd mile post on the boundary between the districts of Nipissing and Al-
goma, are by Dr. J. K. Workman, who accompanied Mr. Speight's survey party in the
capacity of geologist. Like much of the region in the neighborhood of lake Abitibi,
the soil and timber are likely to prove of more importance than possible resources in the
way of minerals; and observations of the geology are difficult and scanty owing
to the widespread mantle of drift material which effectuallv conceals the rock forma,
tions. T. W. G.]

About the middle of May 1904, I received instructions from Mr. T. W. Gibson,

Director of the Bureau of Mines, advising me cf my appointment as geologist attached
to the surveying party of Mr. T. B. Speight, O. L. S., who would be engaged during

the summer in running base lines in the district lying northwest of the Abitibi lakes.

My instructions were to gain all the information possible about the rocks and
minerals occurring in the districts immediately adjacent to Mr. Speight's lines, but

if it so happened that the district was covered with, drift and therefore an agricultural

section, I was to devote my time to studying the character of the soil and timber.

It was also my duty to note the flora and fauna encountered during the summer.
Mr. Speight notified me that the party would leave Toronto on Friday, 26th

May. Deciding to join him there I left Kingston on Thursday and so was enabled

to have an interview with Mr. Gibson, receiving more detailed instruction and some
instruments for use during the trip. Mr. Speight's party did not leave on Friday,

as planned, on account of the heavy rainfalls earlier in the week; however they arrived

at New Liskeard on Tuesday's boat. AVe left next morning via steamer Geisha but

had to transfer at the mouth of the Blanche river to the steamer Ville Marie, as we
met with an obstruction of logs at this point. We arrived at Tomstown during the

course of the afternoon.

On the morning of 2nd June all arrangements having been completed, we left

on our trip northward in five Peterborough canoes. There were seventeen men in

the party, all told. We made good time going in. Ascending the Blanche river we
passed through Round and Kenogami lakes, then continuing up Black creek, which

is very sinuous, we came to the Height of Land portage. Crossing this, we descended

the White Clay and Black rivers to McDougall's clearing, arriving at this point jn

Friday 9th June, having met with no serious accident or delay. Here we cached

most of our provisions, and jiext day we started south on a canoe route which leavas

the Black river at this point for Metachewan post, as Mr. Speight intended to finish

subdividing McCann township before commencing his base line wor^. The series of

lakes and portages at this end of the canoe route has already been described by Dr
Kay in the Thirteenth Report of the Bureau of Mines.

McCann Township

The topography of McCann township is somewhat diversified. In the northern

part the elevation does not vary much. In the central portion west of Grave lake,

and east and west of Bethea lake there are a number of ridges which have a generaf

direction of northwest and southeast. Some of these ridges attain an elevation of

one hundred and fifty feet or more above the level of the lakes. In the southwest

part of the township the ridges do not attain as great elevations, nor do they seocn

to have any common direction. They are flanked by long easy slopes of sandy soil.

The lakes in the township are six in number. The north boundary of the township

cvits across Cherty lake about ten chains from its southern extremitj-. Grave, Bethea

p.nd Gowan lakes have been described by Dr. Kay. Cayea lake lies about three-quartersi

cf a mile east of Bethea lake. It is about fifty chains long and fifteen wide, its longer;



1903 Agricultural Resources of Abitibi 249

axis Ijing north and south. The sixth lake is about the same size as Cayea lake, but

with its longer axis lying east and west. It is situated in lots 9 and 10, concessions

I and II. These lakes were all traversed by Mr. Speight while surveying the township,

and so can be accurately placed on the map. We found them very useful as th(?y

facilitated the work of moving camp to various positions in the township.

ROCK EXPOSURES

Tkere are only a few rock exposures in the township. These are, with one

exception, phases of the dolerite described by Dr. Kay; this exception occurred on

the top of a ridge one hundred feet high, three-quarters of a mile west of Grave lake.

Here the roots of a fallen tree had torn aw^ay the soil and laid bare a contact of

Diedium-grained dark dolerite and a light colored granite, th.e dolerite being supe--

imposod on the granite. The dolerite lay to the south, the line of contact being

about east and west. Although a careful search was \made no further exposure was

seen in this neighborhood.

Pour other exposures, all of dolerite, occur in the township: (1) near the west

boundary, lot 12, con. II. Here there is a low ridge-like exposure of coarse dolerite,

wliicli runs north and south, but soon becomes lost in tlie glacial drift. (2) On the

eouthwest shore of Bethea lake there is a small exposure of medium-grained dulerito

carrying a considerable amount of pyrite. A similar outcrop occurs just across the

lake in a northeasterly direction. (3) By far the largest mass of rock exposed in the

township is situated east of Bethea lake. It is a ridge-like formation over one hun-

dred and fifty feet high, and about a mile in length, having a general southeast and
corthwest direction. This rock too is doleritic in character, but has a certain degree

of schistosity developed. (4) Along the east boundary from con. II to con. IV, thero

is a series of outcrops of a ridge of fine-grained pyritous dolerite.

SOIL

The soil of the township is also much varied in character. Thie northeast and
central parts have a good clay soil, but parts of the north and east tracts require

draining. The southwest portion has a soil of a sandy nature, but the tops of the

ridges are composed of a sandy loam. The tract lying to the southeast has more clay

in its composition, but it is rather low and wet, being covered with moss and small

bushes. Along the east boundary it is swampy on account of the ridge of rock 'o

the east, which holds the water.

Including the parts that need draining, about sixty per cent, of this township
is suitable for agricultural purposes.

TIMBER

The timber of the township is not valuable except for pulp-wood and building

(-urposes, with the exception of the cedar, which grows in the swampy section on the

east side. The sandy tracts in the southwest part of the township are sparsely wooded
with small Banksian pine. The ridges and the rest of the township are covered with

spruce, balsam, white birch and poplar. A few isolated pines and soft maples were

pIso noted. There is quite sufficient timber to meet all agricultural purposes.

On Thursday, 8th July, we finislied the township, and the next day we
returned to McDougall's clearing. Saturday Mr. Stock, who had been with the party

locating veteran's claims, and three of the men started for New Liskeard by tlio

Blanche route. The rest of the party continued down the Black river. For the

first five miles the east bank showed evidence of having been burnt over years ago,

but the river passes through a good clay area, which seems to be very suitable for

pgrieultural purposes.

Before we reached the Abitibi river we met some other members of the party, who
had been away bringing in supplies by the Quinze route, and were on their way to join
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us. This part of the Black river and the Abitibi river to the Long Sault rapids has

already been thoroughly described in Reports of the Bureau of Mines, namely, l>y

Dr. Parks in the Eiglith Report, and by Dr. Kay in the Thirteenth Report; also by

Mr. M. B. Baker in the Report of the Exploration and Survey of Northern Ontario in

1900, and by Mr. AV. J. Wilson in the Summary Report of the Geological Survey,

1902.

If the soil we saw in passing down the rivers is typical of the district, this w'l!

undoubtedly be a very fine agricultural section when the railways are completed anJ

IS is opened up and settled.

Work on Base Line

On Monday 11th July we arrived at an Indian's shack on the right bank of the

river. Mr. Speight had decided to make this point his base of supplies during the

ccmmencement of the base line work. Here we found that the men who had gone

ahead of us to cut out a trail from the 162nd mile post on the Nipissing-Algoma

boundary to the Abitibi river, had not yet returned.

In order to accomplish something during this enforced delay, Mr. Speight decided

to move part of the provisions to another shack at the head of the Long Sault. This

was the undertaking in which we were so unfortunate as to lose two men by drowning?.

Meanwhile we had moved five miles down the river to the point from which the guides

bad started on their trip to the boundary. As they had not returned by Friday, we
commenced our journey to the line by this route. This trail came out at the 166th

mile post, so we had to go four miles south to the starting point of the base line

work.

Commencing at the river, the first three-quarters of a mile of this trail passed

through a wet swampy tract covered with moss, and in places Labrador tea, th*

timber being entirely spruce. Then we came to the only exposure of rock met with

west of the Abitibi, a small outcrop of light-colored, coarse-grained granite. Passing

over a slight rise at a distance of one mile from the Abitibi, we came to a river forty

feet wide, flowing northward, but it was unnavigable owing to driftwood. Crossing

the river we continued in a southwest direction. The soil in this vicinity was a Tery

fine clay, supporting a growth of large timber, mainly spruce, while birch, tamarack,

poplar and balm of Gilead.

At a distance of five miles from the Abitibi river we came to a lake one mile long

and twenty chains wide, its longer axis being north and south. We continued around

the north end of this lake, crossing the outlet, a river forty feet wide. A little further

on we crossed a second stream twenty-five feet wide which flowed south and entered tho

lake.

In the next three miles the ground became higher ; the timber however was the

same as that east of the lake. Another mile brought us to the line ; this last tract

was somewhat swampy and covered with moss. The timber, which was all spruce,

would average ten inches. The line to the 162nd mile post was of the same character

as this last mile of the trail.

On Tuesday 19th July the base line work proper was commenced. The ground

was fairly level and covered with moss to a depth of six to twelve inches. The tim-

ber was spruce and balsam. At five miles and thirty cliains a river half a chain wide

flowing northward, was crossed. East of the river the ground became much higher,

and we entered a belt of poplar about a mile wide, and extending for several milrs

both north and south. The seventh and eighth miles passed through a tract much
lower in elevation, and consequently wet and mossy, the poplar giving place to sprucj

and balsam. We now passed over a low ridge, and the errund affain became marshy.
This condition prevailed until within a short distance of the river, when we came t«

another ridge wooded with spruce, poplar, white birch and balm of Gilead. At nine

miles and fifty chains the river was crossed, about one-quarter of a mile north of the

shack at which we had left our first cache.
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EXPLORING UNDER DIFFICULTIES

Monday 25th July five men quit work and left for New Liskeard. We moved

camp out to the 12th mile post, and on Tuesday Mr. Speight sent two men out to the

Hudson Bay Company's post, lake Abitibi, to try to secure more men. This left him

very short-handed to go on with the work; in fact for two weeks the party consisted

of eight men all told.

East of the Abitibi river the soil is much drier, and the timber, which is spruce,

balm of Gilead, balsam and poplar, averages ten inches for the first two miles. Near

the 12th mile post we enter a belt of poplar about one-kalf a mile wide. The timber

to the 14th mile post is spruce and balsam. Just before the 14th mile post is reached

we come to the Sucker river, which is about twenty-five feet wide, and flows north

at this point. The land on both sides of the line from the 14th. to tlie 17th mile post

is much higher, and supports a growth of spruce, white birch, balsam, and some

poplar.

In the 18th mile this timber gives place to rather small sized spruce. About

half a mile to the north there is a small creek, which crosses the line at the 18th mile

post. It flows in a westerly direction, and joins the Sucker river. Years ago th's

creek had been used by beavers, but now the valley is filled up with a growth of black

alders and willow. In the 19th mile the timber is much larger, averaging twelve

inches, but there is a considerable amount of down timber, making travelling difficult.

Tlie line in tlio 20th mile passes through an open country, which stretches several

miles both north and south, and is sparsely wooded with bastard spruce. The remain-

ing three miles of this line is rougher, the timber being mainly spruce, and comes

under the classification brul^. This tract extends to the Sucker river on the west,

to the 5th mile post on the north, and several miles to the eastward.

Continuing, we now enter a more open section, wooded with spruce and balsam,

which average five inches. In the seventh mile the timber is much larger, and cnir

Rists of spruce, tamarack, white birch and balsam. Adjacent to the ninth mile the

ground is covered with a greater depth of moss, and is wot and soggy. This condition

prevails to the 12th mile post, except that the timber is much larger In the latter

vicinity. In the thirteenth mile the soil becomes much drier. Just west of the 13th.

mile post is a small lake. This is the first met with east of the Abitibi river. Tho

limber to the 16th mile post is spruce, balsam, poplar and birch, averaging twelve

inches.

THE CHIN RIVER
At this point the Chin river is reached, two and a half chains wide, with banks

thirty-five feet high. We crossed over on a raft without serious mishap, and camped

on the north bank. The timber north of the river is large, spruce, tamarack, birch,

balsam, balm of Gilead and poplar, with a considerable amount of windfall.

This part of the Chin river is made use of in the canoe route from the head of

the Long Sault to Little Abitibi lake. On Saturday, 20th August, some of the guides

reached the camp, bringing in provisions from our cache at the head of the Long
Sault, in a birch canoe. I made use of this canoe to make a short exploratory trip

up the river. Soon after starting we passed some sharp angular boulders of gneiw

in the bed of the stream, their tops being two or three feet above the surface ot

the water. The river gradually turns to the northeast, and after travelling two miles

cur eourse lay due north, then northeast for thirty chains. A short bend to the right

brought us to a lake which lay to the north of the river, its longer axis, one-half mile

in length, being parallel to the river, i.e., northeast. Continuing up to river thirty

chains northward we came to a second expansion or lake, a little over half a mile

long apd thirty chains wide, its longer axis lying northwest and southeast. The river

enters this lake in the southeast corner. We continued eastward up the river ; about

twenty-five chains from the lake we came to a shack on the north bank, which beIonge<1

also to the Indian whose huts we made use of on the Abitibi river. Half a mile above

this shack we pitched camp for the night. The next day it rained, but we ascended
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the river two miles farther in a southeasterly direction, and came to an extended jam
of driftwood. As there was no portage to avoid this, we turned back. Arriving at

the northern lake we skirted the shore looking for the portage leading to Litt'e

.*bitibi lake. In this quest we were unsuccessful.

From the northwest corner of the lake we cut across to the line, arriving at the

nineteenth mile post, the distance being three-quarters of a mile. Returning to ths

canoe, we took it back to where the line crossed the river and camped for the night.

In the meantime Mr. Speight had moved to the head of the line, so next day \»e

caught up to him. The timber from the river to the end of this twenty-four miles

is large, and similar to that found south of the river. Small lakes are not infrequent

in this section.

On Wednesday 24th August the line being finished, we retraced our steps to

the 12th mile post and turned on to the base line running west from this point. The

first mile was swampy, but in the second the ground became higher. At the seco^i'l

mile post we came to the Chin river again, which here was flowing southwest. Cross-

ing this another half mile brought us once more to the river, now flowing northwest,

it having made a long bend. The banks at this point were very high, about forty

feet.

The canoe being available for a short trip, I went down the river about three miles.

The river had a general northwesterly direction. Ten chains from the line a small

ttass of gray granite was observed on the west bank. Half a mile down just below

two small riffles we came to an outcrop of coarse banded gneiss.

Thirty chains farther on brought us to a low outcrop of granite, 'making a small

bay where the river swerves to the right. A mile and a quarter down there is an

exposure of pink gneiss, with a face about twenty feet square, standing out from th<j

river bank.

The banks now become lower, being about five feet high. The timber is good sized

("pruce, tamarack and balsam. After going three miles we turned back. Going south

from the line we arrived at the junction of the Chin and Sucker rivers, about a

quarter of a mile up. Turning into the Sucker we passed a portage about twelve

chains up, which leads to the head of the Long Sault, taking advantage of a couple

of lakes.

A mile up the Sucker we came to a fifteen-chain portage on the left bank, <o

tvoid a series of small rapids.

The river up to this time had a northeasterly course ; above a bend its direction

was southwest. We turned into a small creek lined with alders. At first our course

was south, but gradually turned to the west.

Two miles and a half up this creek brought us to the end of the first portage

from the Sault. Here I observed a small group of scrubby Banksian pine. At no

ether point were any of these trees seen after entering the Abftibi district.

Leaving the canoe here we struck off north across country reaching the line in

about two miles. From this point to the Abitibi river, a distance of six and one-half

miles, the ground is lightly rolling in character. The timber is medium sized -sprue "".

birch, balsam and poplar. Two small lakes are passed, the water From each flowing

northward. At ten miles and forty chains the Abitibi river is reached, about four

miles below the head of the Long Sault. After having finished the remaining mile

and a quarter of line, tying in on the 174th mile post of the Nipissing-Algoma boun-

dary, the packers said they were unable to bring provisions down the rapid.s. As the

rest of our base line work was below the Sault, Mr. Speight decided to discontinue

operations for the summer.

On Thursday 1st September we started on our homeward trip. Along the banks

of the Long Sault, there are a great many exposures of gneiss, and gneissoid and
granite boulders occupy the stream and shore.

We returned via the Abitibi lakes and Quinze route, reaching New Liskeard c.u

9lh September.
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SOIL OF BASE LINE REGION
The soil along the base line work was all of the same character. With one

exception is found in wet spongy places, where a brown muck overlies the clay. In

exception it consists of a heavy clay, and would be excellent for wheat growing. Taj

spots it is over seven feet in depth.

In my opinion it is very important that the vegetable mould on the surface of

the ground should be worked into the soil, instead of being burnt off when clearing.

As the roots of the trees in this district are not deep-seated, this result could be

accomplished by using a stump-drawing machine, and burning everything in one place.

CLIMATE
The climate of this district, while now a temperate one, will become milder as

it is cleared. No severe frosts were experienced while we were in the field.

There is a scarcity of boulders. A number of gneiss and granite boulders gathered

together at one of the Indian shacks where they are used in the manufacture of canoee,

presented an unusual sight.

INDIAN OCCUPATION
The Indians all have shacks on these hunting grounds, but they only occupy them

during the winter, when they are engaged in hunting and trapping. During tha

summer months they camp near the Hudson Bay Company's post doing nothing.

McDougall on the Black river had a few acres of potatoes, but none of the other

Indians had made any attempt to grow any vegetables.

FAUNA
Moose and red deer are plentiful in the neighborhood of the Height of Land. In

McCann township we saw several moose, but no red deer. While on the base line

work we only saw four moose, but their tracks were plentiful in places. Cariboo aro

very scarce, according to the Indians. We did not see any all summer. Only three

1 lack bears were actually seen, but tracks and fresh work were noted almost every-

where. This was particularly evident on the Journey out. The soft clay borders of

both banks of the Abitibi river, left dry by the low water, had been tramped over for

miles by bears in their search for berries.

Beaver trails and work were noted along the base lines, but these intelligent little

animals are scarce in this district.

No porcupines or skunks were seen, but one ground-hog was trapped by the guides.

Rabbits were not plentiful this year.

Partridges are not abundant, but may be found almost anywhere. Black, red-

feaded and wood duck were observed in Abitibi river.

Other birds noted were the Canada bird, woodpeckers, cedar bird, canaries anj
warblers, sandpipers and plover, least bittern, owls and ravens. One lizard and three

f:arter snakes were seen in McCann township.

FLORA
Sedum latifolium or Labrador tea was very common. Yellow water lilies an.-d

pitcher plants were abundant. Two varieties cf ladies' slipper were numerous, viz,,

Cypredium parviflorum and C. creaule. Members of compositae family were common,
i-C)-, daisies, flea-bane, bur marigcld. goldenrod, Canada thistle, dandelion, etc.

Oher flowers noticed were the cardinal lobelia, tuentalis or star flower, sweet briar,

and wild roses, blue flags and spotted lilies. Berries were not plentiful, but we found

the following varieties : strawberries, raspberries, two varieties of gooseberries, June
berries, two kinds of red currants, huckleberries and high bush cranberries.

FISH

We did not catch many fish, but nearly all the lakes contain pike and pickerel.

The Abitibi river is almost too muddy for fish to see to take a bait. We only caught

a few taulibi and perch in it.



LOON LAKE IRON=BEARINQ DISTRICT

BV W N SMITH

Within the past year considerable activity has been shown in exploration for iron

ore in the Animikie iron-bearing series near Loon Lake, about 26 miles east of Port

Arthur. Besides the natural stimulus to exploratory work resulting from the

discovery of areas which show considerable concentration of ore, the bounty which

(he Ontario government offers for domestic ore and the import duty recently imposed

by the Dominion parliament upon foreign steel, have given impetus to Canadian pros-

pecting. During the latter part of the summer of 1904 the writer was associated in

a somewhat detailed mapping of the Loon lake area, and the following notes are based

en observations then made.

The principal exploratory work in the area in question has been done by Mr.
Rinaldo McConnell, of Ottawa ; Messrs. Knobel and Flaherty, of Port Arthur, and
Messrs. Wiley Bros, and Marks, also of Port Arthur, and to these gentlemen the writer

is indebted for the fullest opportunity for examining the properties controlled by

them, as well as for many personal courtesies. The esploiatory work has consisted

mainly of diamond drilling and test-pitting. The formations are magnetic only

locally where intruded by igneous rocks, and therefore magnetic surveys are not o*

assistance in locating the areas of concentration.

The location of the area in reference to transportation is exceptionally favorabl-J.

The Canadian Pacific railway' passes through the district and thus offers a short haul

to that company's docks at Port Arthur, and the waters of Thunder bay of lake

Superior are but four miles south of Loon lake. From Loon lake to Thunder bay )
=

a descent of 400 feet.

A MESABI EXTENSION

The Animikie iron-bearing series, in which the ore of this area occurs, is the east-

ward continuation of the Mesabi or Upper Huronian series of Minnesota. Its con-

nection with the Mesabi series has been recognized for many years. The Animikie

series first came into commercial prominence some 40 years ago as a result of explora-

tion ill it for silver and iron ores, and the considerable production of the former

metal.' The early explorations for iron, however, were not attended with success,

and in recent years comparatively little systematic prospecting for this ore has been

done.

GENERAL GEOLOGY

With the exception of the Pleistocene drift, the rocks of the area, so far as cau

be determined, are all of pre-Cambrian age. The succession is as follows:

Pleistocene Glacial drift.

(Unconformity).

Keweenawan (Ni])igr,n) Conglomerate, sandstone, marl, diabase sills.

(Unconformity).

Upper Huronian (Animikie) Iron-bearing formation and black slates.

(Unconformity).

Lower Huronian Graywacke, greenstone, granite.

(Unconformity).

Keewatin Green schists, greenstone, mashed porphyries.

I Report on Mines and Mining on Lake Superior, by E. D. Ingall. Ann. Rept. Qeol. i
Nat. Hiflt. Sarv. of Canada (new eer.). Vol. Ill, Part II, 1887-8. Report H.

[2.54]

i



1905 Loon Lake Iron-Bearing District 255

A summary of the general geology may be given before taking up the iron-bear-

ing horizons.

The Archean rocks are not exposed near Loon lake, but along the Canadian

Pacific railway, about 17 miles west of Loon lake, and extending thence in a westerly

direction, is a series of greenstones, green schists and mashed porphyries, which lie

imconformably below the Lower Huronian graywacke, and which are therefore

regarded as belonging to the Keewatin. The general strike of these rocks is east-

ivest, and the dip approximately vertical.

THE SCHISTOSE GRAYWACKE

The basal member of the Lower Huronian is schistose graywacke, which, from

structural and lithological similarity, is correlated with the Knife lake graywacke-

slate formation of Lower Huronian age of the Vermilion district of Minnesota. Tho

general strike of the schistosity is about north 80 degrees east ; with which direction

the trend of the graywacke ridges conforms. The dip of the schistosity varies from

about 65 degrees south to 65 to 70 degrees north. The strike and dip of the tru«

bedding are frequently discordant with the strike and dip of the schistosity. Where
igneous intrusion was most intense, and where, perhaps dynamic movement was more

severe, the graywacke has been altered to hornblende-schist. In general the gray-

wacke is a medium-grained typical graywacke, but locally it possesses true quartzite

phases on the one hand and slaty phases on the other.

Also interbedded with the graywacke near what is believed to be its base, is a

considerable thickness of volcanic material, represented by volcanic conglomerates,

finely banded tuffs, and amygdaloids. This is best exposed at about tie centre of tho

area east and west between Lambert island and the Canadian Pacific railway.

The most western exposure of the graywacke series is largely represented by a

SI histose conglomerate containing pebbles of the various phases of the underlyio;;

Keewatin, together with fragments of a massive granite and porphyry. The granite

pebbles are probably derived from the Laurentian granites, which although not

exposed in the area mapped, occur over a considerable area north of Port Arthur.

Probably the most persistent pebbles in this conglomerate are vein quartz and black

jasper, the latter being derived from tte magnetic iron formation which is associate.1

with the Keewatin greenstones and schists of this region. As the contact between
the graywacke and the Keewatin is approached, the conglomerate character of the

Tormer disappears, and the lowest member of the graywacke very closely resembles

the Keewatili greenstones. It, however, can be distinguished from them by the

presence of scattered fragmental grains, and by the absence, in the graywacke serie-s,

of the minute crumpliog at right angles to the general schistosity which is characteris-

tic of the adjacent Keewatin. a

GREENSTONE AND GRANITE

Throughout the area the graywacke is intruded by greenstone, also of Lowar
Huronian age. This greenstone occurs in masses of varying size, but with a general

schistose structure parallel to that of the graywacke. In texture it varies from iN

rather uniform fine-grained to a coarse, massive or porphyritic rock, the porphyritic

constituents being largely hornblende. In hand specimens the predominant minerals

rpparent are feldspar and hornblende.

Large masses of granite cut both the graywacke and greenstone on the south, west
and north. The granite is medium-grained to coarse, massive textured, with quartz,

feldspar and biotite as the principal mineral constituents. Hornblende is subordin-
ately present, and locally, in pegmatitic phases of the granite, tourmaline is abundant.
The granite is nowhere found intruding the Upper Huronian or Keweenawan series,

but on the contrary is overiain unconformably by them. While the Lower Huronian
sge of the granite is thus clear, it is much later than the graywacke-greenston-?
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series wliicli it intrudes, tliere having been between the two an interval of time at least

great enough to allow of the production of the stceply-int-rTned schistosity in the

former, since the massive textured granite is found cutting directly across this

slructure. The most complex intrusion, as well as the greatest metamorphic effects

of the granite, are found along the north border of the graywacke.

In the central part of the area these Lower Huronian formations form prominent

topographic features which well illustrate the relation between the topography and

gfologic structure of the area. To the north tliey form a series of disconnected h'l's

with comparatively moderate descent to the valley to the south, in which the railway

is located. Continuing south, the graywacke rises abruptly as a long, high ridge, the

face of which represents approximately the plane of a steep east-west fault. In con-

trast with th's steep north face of tlie graywacke ridge is its uniform slope southward

t^ Thunder Bay.

THE ANIMIKIE FORMATIONS

The Upper Huronian, or Animikie, formations are found unconformably overlying

fill the different members of the lower series. The unconformity is indicated mainly

bj structural and lithological d'ffeiences. Structurally, as compared with the under-

lying series, the Animikie is flat-lying, the general dip to the southeast varying from

five to ten degrees. Lithologically, it is distinguished by the comparatively small

degree of metamorphism to which it has been subjected. At the base of the seriss

is a rather persistent conglomeratic horizon, varying from a few inches to a foot ov

more in thickness, the pebbles of which are small and predominantly of vein quartz.

Between the flat-lying beds of the Animikie has occurred the intrusion of lacco-

I'thic sills of diabase, to which by subsequent erosion the very characteristic hills and

ridges with vertical diabase caps owe their origin. These laccolithic sills represent

farts of the great similar intrusions which are found from the Minnesota coast of

lake Superior on the west to Nipigon bay on the east, and which form such striking

tcpographic features of the north shore, as 'the Saw-tooth hills, McKay's mountain,

Thunder cape, etc.

THE KEWEENAWAN OR NIPIGON ZONES

Unconformably above the Upper Huronian Is a succession of Keweenawan con-

glomerates, sandstones, and impure marls, to which the term Nipigon series has been

applied by the Canadian Survey. This series is most fully developed .east of Loon
liike. The unconformity between the Keweenawan and the underlying rocks is marked
in various ways. At the base of the Keweenawan is a coarse conglomerate, containing

vrater-worn pebbles and boulders of all the underlying rocks, among which, however,

granite and iron formation material are predominant. The Keweenawan shows

comparatively little metamorphism, even less than the Animikie. The strikes and

dips of the Keweenawan are always more or less discordant with the strikes and dips

of the underlying formations. The strongest evidence of the great time interval

represented by the unconformity is, however, the fact that the Keweenawan is foun-I

successively overlying both the Animikie and Lower Huronian formations, thus show-

ing that the entire Animikie and part of the Lower Huronian had been truncated

by erosion before the Keweenawan was deposited.

As was noted by Irving, ^ the base of the Keweenawan in this area is represented by

ft sedimentary series rather than by the great basal igneous masses which are present

in the Keweenawan areas to the west and on the south shore of lake Superior. The

diabase which forms the laccolithic sills of the Animikie is also found both overlying

and cutting the Keweenawan sediments.

_ _ , .

J The Copper-bearing Eocks of Lake Superior, by E. D. Irving. Men. tl.S. Oeol. Survey,
No. 6, 1883, pp. 331-332.

i
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The western boundary of the Keweeiiawan is marked by a steep escarpment which

extends in a southwest direction to the liead of Thunder bay, and thence along its

south shore nearly to Thunder cape.

STRUCTURAL FEATURES

The main structural characteristic of the area is the general dip to the southeast,

in this conforming to its geograpliic position as a portion of the north side of the

lake Superior synclinal basin. The upper surface of the Keewatin and Lower Hurou-

ian formations shares in the general slope to the soutli, although as previously noted

this does not apply to the bedding and schistosity of the series. The normal strika

of the Animikie is to the northeast, with average dip of about seven degrees south-

east. Locally, however, the series has been closely folded and the resulting strikes

find dips are widely divergent from the normal. The general strike of the KeweenawaD
is eas; of north, with flat dip to the southeast, although it also locally shows the same

severe folding and fracturing as the Animikie.

Faulting has been an important factor in producing the present 'sttuctural and

topographic features of the district. The faulting is believed to have been caused

by the same general forces which produced the lake Superior basin, and was therefore

of post-Keweenawan time. As the general movements which formed the lake Superior

sjnclinal occurred, the stresses on portions of the strata were relieved by fracture

and accompanying vertical displacement. Thus in this area it is believed that the

major fracturing occurred along certain appro.ximatcly parallel zones, and that i;i

the vertical displacements which followed, the several fracture blocks acted as inde-

f.endent units, in which the north half became elevated relative to the south half, thus

producing a system of "block" faults.

The greatest vertical displacement definitely determined is about 300 feet, as shown

from diamond drill records and surface exposures along the east-west fault a short

ci.stance south of Loon lake'.

THE ANIMIKIE IRON-BEARING FORMATION

Four definite horizons are present in the Animikie as follows: (1) a lower iroa-

bearing member ; (2) an interbedded black slate ; (3) an upper iron-bearing member,
rnd (4) tlic upper black slate. These horizons indicate a continuous period of

deposition, during which the conditions varied between those of chemical and probably

also organic sedimentation, producing the iron-bearing formations, and those A
mechanical sedimentation, with the production of the slates. It is believed that the

general processes and agencies which produced the iron-bearing formations in this area

are analogous to those which produced the iron-bearing members of the ranges on the

south shore of lake Superior. These have been fully discussed in the ^monographs of

the United States Geological Surveys on these districts, and are too well known to

be here repeated. The change from chemical to mechanical sedimentation was not

ebrupt, as is shown by interstratification of and gradual transition between the tw3
classes of deposits.

The two iron-bearing horizons are themselves quite different in character. The
original rock of the upper horizon is a rather thin-bedded, cherty iron carbonate,

similar to the cherty iron carbonates of the districts on the south shore of lake

Superior. It varies in color from dark gray to very light colored, although the m03t
charncteristic phase of the unaltered carbonates is a dark and light banded rock, with
the surface exposures usually showing brown limonitic weathering. In texture tl-.e

formation varies from a dense homogenous rock, in which no definite mineral outlines

can be distinguished, to one in which a carbonate cleavage is apparent, although in

this latter case it is probable that the coarser carbonate crystals are secondary. A
cr.m'non phase of this horizon is a banded rock composed of alternating layers of iron

3 Monographs of the U. S. Geol. Survey Nob. 19. 28. 36. 45 and 46.

17 M
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cxide or partially altered carbonate and light or dark colored or red irou-stained

chert. This phase is analogous to the banded ferruginous cherts and slates of the

iron-bearing districts of the south shore. All stages of gradation can be observed from

the original unaltered cherty carbonate rock through the ferruginous cherts and slates

to iron ore.

The total thickness of this horizon is believed to be about 200 to 250 feet. The

passage of the iron formation into the black slate above is not exposed in this area,

tut in the Jlesabi district of Minnesota and elsewhere the change has been found

ti; be that of gradual transition, and there is no reason to believe that it is otherwise

here. At the base of the horizon however the gradation into the black slate is clearly

shown, the iron formation becoming more thinly bedded, finely divided fragmental

material appearing and becoming more abundant until typical black slate is reached.

The lower iron-bearing horizon can, except where extremely altered, be readily

distinguished from the upper by the constant presence in it of small granules which

are entirely absent from the upper horizon. AVhere the alteration of this rock to

hematite lias not gone far, it is very similar in appearance to the ferruginous

cherts or "taconite" of the Mesabi range.4 This is especially true where the granule^

are imbedded in a dense greenish or dark gray silicious matrix. Very frequently,

however, in this area, the matrix surrounding the granules is largely carbonate

material which varies from exceedingly fine to very coarse-grained. In this it differs

from the ferruginous cherts of the Mesabi. Furthermore, although much of the car-

bonate material in this horizon appears clearly to be secondary, field observation

would seem to indicate that part of it is original. The carbonate is not pure iron

carbonate, but calcium-magnesium-iron carbonate.

In the Mesabi series the ferruginous cherts are themselves secondary products
resulting from the alteration of the greenalite granules of an original "greenalite"
rock. Chemically these granules are essentially hydrous ferrous silicate. In the
Loon lake area, however, no unaltered greenalite granules were found, but what
appear to be to be their alteration products (the granule-bearing rocks above mea-
t!oned) occur. Therefore it would appear that in this lower horizon there is repre-

sented a considerable period during which there was simultaneously deposited the two
compounds of iron—iron carbonate and iron silicate—fron^ which in the ranges of

the lake Superior region as a whole the iron ores have resulted. But on the south
shore these compounds have not been found occurring together in important amounts.
As shown by Leith, in the Upper Huronian iron-bearing series of the Mesabi district,

where the source of the ores is ferrous silicate, iron carbonate locally occurs, and
in the Penokee-Gogebic district in which a cherty iron carbonate formation, also of

Upper Huronian age and at the same stratigraphic horizon, was the original rock,

ferrous silicate granules are subordinately present. s Therefore it is not surprising

that at certain localities, of which the Loon lake area is an example, the conditions

should have been such that the two materials were formed at the same fime and in

p.pproximately equal amounts.

'

Associated with the granule-bearing rock of the lower horizon, and in part at

It-ast secondary to it, are phases which show varying degrees of alteration to or re-

placement by iron oxide. Of the rocks of the formation which conta'n a high enougi
percentage of iron to be classed as ore, two phases are characteristic. One is a fine-

grained red or blue hematite of medium hardness. The other is one whose texture

is that of a medium to coarse-grained carbonate rock, but with the red color of hema-
tite. That in this latter variety iron carbonate and iron oxide are both present s

shown by chemical analyses of certain samples which give higher percentages of iron

than is contained in iron carbonate.

4 The Mesabi Iron-bearing district of Minnesota, by C. K. Leith. Mon. U. S. Geol. Survey
no. 43, 1903, pp. 116-143.

5 ?'on. No. 43, cit., pp. 101, 118.

6 The Iron Ore Deposits of the Lake Superior Reeion, by C. R. Van Hise. Twenty-first
Ann. Rept. U. 8. Geol. Survey, VoL 3, 1901. pp. 319-320.

IVa M.
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Conforming to the belief that this lower horizon was deposited close to the Ammikie

shore line is its comparatively small thickness, between 50 and 60 feet. It is, it

course, probable that the thickness increases to the south.

THE CONCENTRATION OF THE ORE

The localities in which the greatest concentration of iron has as yet been proven

9 re included in the area extending four miles west, two miles south and one milo

east of Loon lake station. The greater portion of this area does not show outcrops

of the Animikie strata, but it is known that the series is present under the over-

lying sandstone and diabase.

The concentration appears to have been determined by two main types of struc-

tural conditions:

(1) In the one case, the lower iron-bearing horizon is found lying on the south

slopes of the graywacke-granite hills, with a comparatively uniform flat dip to th-?

south. During the deformation which the series has undergone, sufficient movement
occurred, both across and along the beds, to fracture and open them up, and thus

produce conditions favorable for groundwater circulation.

The areas illustrating this type of structure include that portion of the Animikie

area lying north and south of the Canadian Pacific railway, and west from Bitter:i

lake about two miles, and the area south of Loon lake and west of Deception lake.

In the latter area the iron formation is exposed practically at the surface, there

being but from one to ten feet of overlying drift. In th>e former the lower horizon

is generally capped by 10 to 35 feet of diabase. As the thickness of the lower horizon

in this district is not great (50 to 60 feet), the question of commercial bodies of ore

depends largely on the horizontal element. In both areas exploratory work has been

done by test-pitting and diamond drilling. The result of the work thus far done

shows that over the greater part of these areas the lower iron horizon has been ex-

tensively altered to iron oxide, but that associated with the layers showing the

greatest concentration a considerable amount of lean silicious material is present,

cither as lenses in the hematite or as layers interbedded with it. Thus the average

sample of any considerable vertical section is low grade. If it be found practicable

r» separate the lean material from the good ore, it should be possible to mine a large

tonnage from these properties. However, until experiments on such separation have
been, made on a commercial scale, or until exploratory work has shown a large body
if hematite free from lean material, no estimate of tonnage is possible.

Analyses of samples taken every three inches from four exposures representing

vertical distances of sis to eight feet each are given below. These are from th?

natural exposures which showed the greatest observed concentration, and include

twth the hematite and associated silicious material.

Fe.
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east of Bittern lake. On the above properties at various places both the upper anl

lower horizons of the iron formation are exposed. In these areas diamond drill holes

have been put down, but the main work has been by test-pitting and driving

short drifts into the iron formation on the hill sides. As in the previous case, the

iion formation is found to be largely altered to iron oxide, but here also the layers

showing the maximum concentration are frequently interbanded with lean material,

or in the more brecciated phases contain masses of chert irregularly through the ors.

The important question is again that of the economic separation of the lean from the

commercial grade material.

The alteration of the iron formation has occurred both before and since Kewee-

nawan time. The evidence of the pre-Keweenawan alteration lies in the abundant

fragments of ferruginous chert and iron ore which occur in the Kevreenawan con-

glomerates ; that of the later alteration in the fact that the deformation which

pioduced fracturing and brecciation of the iron formation, and which in part

determined the concentration, was later than the Keweenawan time, as is shown by

the similar phenomena of deformation in that formation.



BOSTON TOWNSHIP IRON RANGE

BY WILLET O MILLER

Two or three years ago an iron range was discovered in the township of BostoD,

which lies about fifty miles a little west of north of the town of New Liskeard, district

of Nipissing. As the Bureau had no information concerning this range, it was decided

to make an examination of it in the month of October last. We accordingly left

Eaileybury by steamer for Tomstown, and thence canoed up the main branch of the

Blanche river to Round lake. From the northeast corner of this lake we portaged

into the locations which had been surveyed. These locations are numbered M R 4 to

M R 24 inclusive.

MR 7

r^

"^

16

MR 6

o
Cb

MRI6

MR 5

4^

MR 17

MR24-

MR?3

II

." 4
^».
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MR 19

MR22

MR 21

MR 20

NSHip OF Boston"
Shewing Ipow Rarvge

-s*

Granite ano Svenite.

ConsLOMERATE

Iron Formation
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There being no trail frem Kouiid lake to the locations, it was necessary for us

to find a route of our own. This we succeeded in doing without very much trouble.

It was found that the iron range has a crescent shaped form, curving from the

northeast locations gradually south and west through the central locations; then
turning northwestward it approaches the northeast corner of the township of Otto.

Our work showed that the iron-bearing formation could have been covered by survey-

ing out a much smaller area than has been applied for in Boston. The strike of the
iron formation in the outcrops along the central east and west line of the locations is

variable.

The township of Boston has been so thoroughly burned over that one has difficulty

in getting firewood in places, especially in the autumn, sufficient to last for two or

three days when camping in one spot. The central part of the township is high and

rocky. From the central east and west line of the locations one can see mount
Chanmanis and other hills which lie at a distance of twenty-five miles or more to the

iiortheast.

There are a number of small lakes and streams on the locations which have been

surveyed, and we were struck by the great number of beaver dams, still in use, which

are to be found at the outlets of the lakes and along the courses of the streams.

(JEOLOCiY OF BOSTON

The rocks in this township belong to the pre-Cambrian, and consist of more or

less altered and disturbed greenstones, quartz porphyry and related types. The.e

ccver practically all the southern two-thirds of the township. Part of the northern

fnd northwestern portion of the township is occupied by granite and syenite, which

cut the complex of igneous rocks just mentioned. There are some .^mall exposures,

or what may be called remnants, of a fragmental series. According to the nomen-

clature now proposed by the Geological Surveys of the United States and Canada,

the series in this township would be represented in tabular form as follows

:

Pre-Cambrian

:

'

Trap dikes : Age uncertain.

Lower Huronian : Represented by small outcrops of conglomerate.

(Great unconformity).

Keewatin : Greenstones, quartz porphyry, etc. The iron formation is associ-

ated with tke greenstones.

(Igneous contact).

Laurentian : Granite and syenite.

As the writer has not made a laboratory study of samples of all these rocks, the

above brief description may not be strictly correct from the scientific point of view,

but it will serve for economic purposes.

THE IRON FORMATION

The iron formation or jaspilyte in Boston is similar in character to that of

Temagami and to those of other parts of Ontario, such as the Hutton township range,

north of Sudbury, the Mattawin range west of Port Arthur, and the Vermilion

range of the state of Minnesota.

The formation consists of iron ore, 'which in Boston is magnetite, interbanded

with jasper and other closely related silicious material. Such an interbanded form-

ation is known as jaspilyte. This formation has a length in Boston of approximately

seven or eight miles. Another point in its favor, in addition to its length, is that

it has been subjected to considerable disturbance by intrusions of igneous rocks. It

has been much more disturbed than has the Temagami range or almost any of th?

other ranges which the writer has examined in Ontario or in the Lake Superior
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region of tlie United States. To counterbalance these points in its favor, that is its

length and its disturbed condition, we have to consider that its breadth is much less

than that of the Temagami range or that of many other Ontario ranges. Some of

these ranges have widths of 1,000 or 1,500 feet. Frequently their width is 500 or

600 feet. The width of the Boston iron formation is usually not more than 90 or

100 feet. The greatest width we saw in the township was about 300 feet. It would

appear that the Boston range had originally a much greater width, but that it has

been split up and separated by intrusions, and on this account presents comparatively

narrow exposures.

LOCATION OF THE RANGE

Heretofore the township of Boston has been somewhat inaccessible, necessitating

;i canoe trip of about two days' duration from the steamboat landing at Tomstown
in the Blanche river. The line of the Temiskaming and Northern Ontario railway

has, however, beep located across the western side of the township, and the road is

now under construction almost to its southern boundary. The road runs very cloae

to the western edge of the iron range.

OUTLINE DESCRIPTION OF THE LOCATIONS

The following description is copied from notes taken, from day to day, while in

the field. Since some of the locations, numbered M R 4 to M R 24 inclusive, were
visited on two or more occasions the references to them have been repeated.

The first point at which we encountered the survey lines of the locations when
portaging into the range was on the southern boundary of M R 13, 3C0 yards east :>f

the southwest corner post. From Round lake to this point the rock is the old green-

stone of rather dark color, and more or less schistose structure. Near the location

the color of the rock changes somewhat, becoming lighter, and having the appearanco
of an altered variety of a more acid type ; it may, however, be a metamorphosed
fragmental variety. At the point on the line referred to, the old light colored rock

is cut by numerous small dikes of trap and also by granite like that which outcrops

:<( Round lake.

Northern Boundary of Locations

Two hundred yards east of the northwest corner of 11 granite outcrops on the line

and extends to the creek at the corner post, which is the northwest corner of 12.

Going up the west boundary of 10, granite dies out in 100 yards, and the old dark
rock, rusty in appearance, comes in about 200 yards up the line. The creek here

runs north about parallel with the line and a little to the east. There is not moro
than about 100 yards of the old dark rock outcropping on this line. Most of the

surface is occupied by a hornblende syenite which gradually becomes coarser in grain

as we go north, resembling a boulder seen to the southward. The feldspar tends to

take on a porphyritic structure. On the south edge there are occasional inclusiois

of a dark rock in the syenite. Two hundred yards east of the northwest corner of 10

the creek crosses the line. The syenite continues on the line eastward across ths

creek to the northeast corner of 10. From this point syenite outcrops to the north-

west corner of lot 9. Thence it continues to the northeast corner of 9 and on to tho

northeast corner of 8. Across the northern boundary of 7 the syenite outcrops to

within about 275 yards of the northeast corner post of this location, when some of the

hornblende rock comes in and is seen to be cut by syenite. The comer post here is

in a swamp. About 150 yards east of the post along the line, a bluff of the altered

dark rock rises from the swamp. One hundred and twenty-five yards west of the
northeast corner post of 6 there is a hill of rusty rock with much pyriie in places. The
rock is quartzite-like, resembling some of that with which pyrite is associated near
Net lake, Temagami. From the outcrop of the rusty rock the line runs east across

a swamp which has a small stream in the middle of it. From here to the northeast
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corner of 5 fhe line rises gradually up a hill, the surface of which is drift covered.

Going up the west boundary of 23, the surface is mostly low and covered. Four

hundred and fifty yards south of the northwest corner post of 23 there is an outcrop

c^ rusty rock. Midway on this line a creek is crossed which flows eastward. The

west side of 24 is nearly all swampy and covered. A third of the way up from the

southwest corner post is an outcrop of the old dark rock, being the only outcrop seen

here. On the west one-half of 23 there is only one outcrop also. The outcrop on 24

is just south of a little stream. Three hundred yards farther north is another little

?iream crossing the line. Along the north boundary of 24 the country is low and

swampy. There is a creek crossing the line about 700 yards west of the northeast

corner of the lot. A tie-line seems to form a continuation eastward of the north

boundary. A trail runs from the creek mentioned southwestward.

East Boundaries of 24, 22, 21

No rock was seen on the north boundary, and there are no rock exposures on the

east boundary of 24, the surface being low and more or less swampy. There is a

creek within 25 or 30 yards north of the southeast corner of the location. A line runs

eastward from this corner post. It is probably a tie-line. The east boundary of 22

from the northeast corner of this lot to within 400 yards of the southeast corner post

is rather low and covered. Four hundred yards north of the southeast corner post

the Keewatin rocks appear. A little over 100 yards north of the southeast corner

post a brecciated-looking rock with matrix of crystalline limestone is exposed for

about 50 feet along the line. The east side of 21 is covered for the most part, but

there are a few exposures of the Keewatin, chiefly the lighter-colored varieties. The
line runs on east from the southeast corner of 21.

South Boundary of 21, 4

Two hundred yards east of the southeast corner of location 4 conglomerate appears

and outcrops at intervals to the post. Fifteen feet southeast of the post there is u

bed of rock, which weathers like impure crystalline limestone, in the conglomerate.

It has a width of about 6 feet and strikes northeast. There are also narrower bands of

the same rock in the conglomerate. This Timestone-like variety resembles rock seen

ip other parts of Boston, the character of which was not definitely determined. A
road or trail crosses the line about 125 yards west of this post, and runs in a direction

northwest and southeast. This is apparently the trail which joins the Blanche river

to the southeast.

i
Northern Boundary of 18 '

Across the north boundary of this location the rock, which shows a more or less

handed structure, belongs to the Keewatin series. The strike is apparently nortli-

west, and the dip appears to be southwest at an angle of 60°. On the extension of .

this line westward in the unsurveyed territory the iron formation is seen a little to

the south, a short distance west of the post. It is also seen on the east boundary of

the township of Otto. These outcrops are small, only 10 or 15 feet in width. Follow-

ing up the west boundary of the township, a creek was crossed, which is shown on the

map on the west line of lot 1, concession 5, of Otto. A little specular hematite was

fccen just south of a hill. The boundary line is difficult to follow here. Turning west

in Otto, the Keewatin series was exposed in numerous bare hills. A few hundred

yards west of the line the greenstone schist contains calcite in cracks like those seen

in the greenstone near the shore of lake Temiskaming. These cracks appear to hav9

been produced by torsion.
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North Boundaries of II, 12, 13, 14, 15, 16, 17

Going south on the west boundary of 11 the rock appears to be the dark variety

cf the Keewatin. The surface is pretty well covered. Along the south boundary

of this lot (much, of the surface is also covered. Going eastward from the south-

west corner post, a creek is crossed about two-thirds of the way down the lot. Diabase

outcrops on the line near the southeast corner post. The other rocks seen were th»

dark-colored greenstone of the Keewatin. There is a little rust in the rock near tha

southwest corner post.

Along the south boundary of 12 the rocks are well exposed. They consist chiefly

of the dark varieties of the Keewatin, together with what appear to be altered felsite,

quartz porphyry and a little newer diabase.

There is a considerable development of the very light-colored or white rock of

the Keewatin along the south boundary of 13. This rock is similar in character to

some of the pebbles which were found in the conglomerate mentioned a few paragraplis

above. It is cut by syenite similar to that in the northwestern part of the town-

ship. Both the syenite and light-colored Keewatin are cut by trap dikes. There

is a considerable development of trap or diabase a short distance up the west

boundary of 13 from its southwest corner. A creek crosses the line about the middle

of the southern boundary of 13. The dikes just referred to are immediately to the west

of the creek. The old white rock continues to the southeast corner of the lot and
beyond.

Across the south boundary of 15 the light-colored Keewatin, with an occasional

dike of trap, is exposed. There is a lake about half a mile long, whose greatest

diameter lies in a southwest direction 300 yards or so southeast of the southeast

corner of 15.

Across the south end of 16 Keewatin rocks are exposed. They appear to be chiefly

old traps with occasional dikes of later diabase. There is considerable swamp along

the line. A creek flows north across the line 200 yards or so east of the southwest

corner of the lot. Two hundred yards east of the southwest corner of 17, blocEs of

conglomerate with well-rounded pebbles a couple of inches or more in diameter were

seen. This rock was not found in place here, but it appears not to have been trans-

ported far. Two hundred yards farther east an exposure of conglomerate-like rock

with rather angular fragments appears. About half a mile south of this is a long

narrow lake which strikes southward. The survey lines continue south from both

the southwest and the southeast corners of 17.

The east boundary of 17, with the exception of the extreme north and south
parts, is low and covered.

West Boundary of 13

On the west side of 13, along the survey line, from the southwest corner for a

distance of 640 yards there is an alteration of the old, lighter-colored Keewatin rocks,

trap and some felsite. At the 640 yards point there is a knoll of trap with a ravine

just to the north.

At 750 yards north the rusty rock, containing considerable iron pyrites in places,

comes in, the line running along the east edge of the rusty hill. The pyrites is in thj

light-colored variety of the Keewatin. At 1,300 yards up the line a little of the ro?k
containing" iron pyrites has been broken out just west of the line. The association

of rock and mineral along this line is similar to that at some of the Temagami pyrito
outcrops.

At about 1,500 yards up the line greenstone or trap comes in. The change, from
the white rock of the south to the dark rock farther north, can be seen for some
distance from the south. Then trap is passed over till we come to a band of the iron

formation which crosses the line 75 yards south of the northwest corner post of 13.

There is greenstone on the north edge of this outcrop, which is 35 feet in width and
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consists of interbanded magnetite and ligkt-colored silica. The greenstone is cut by
a mica-bearing dike.

Near the northwest corner of 13 the more massive greenstone passes into a more
disturbed variety, and 600 yards north of the southeast corner of 10 syenite begins

to appear. Numerous dikes of this rock are seen along the line about 200 yards to

the northward.

Locations 4, 23, 22

Going east along the north boundary of 4 a swamp is crossed. Two hundred yards

east of the edge of this large swamp the iron formation begins. This is 300 yards

west of the northeast corner of 4. The iron formation is probably 300 feet wide. It

is leaner on tlie west and east sides, and so attracts the needle but little at thaso

points. The strike is about northeast, where it crosses the line between 4 and 23,

find the dip almost vertical, approaching the northwest.

Two hundred and sixty-five yards up the east boundary of 23 the iron formation

crosses the line into 22. It appears to strike more north than northeast here and

\ robably has a similar strike at the outcrop last mentioned.

Down the east boundary of 4 much of the surface is drift covered. A sma'l

stream is crossed about ^wo-thirds of the way down the line. There are exposures

of the older series and of the newer greenstones. Twenty yards north of the south-

east corner post of 4 conglomerate, already referred to, outcrops and continues sourh

to the post. It strikes northeast. Pebbles are abundant and vary in size up to about

3 inches.

West along the south boundary of location 4 the first 150 yards is probably con-

glomerate, being more or less covered, and then Keewatin greenstone rises into a hiil.

.V little rust is seen in the rocks just east of the post. Going west along the lino

there is considerable rusty rock on the east half of the half mile with boulders of

jaspilyte. Westward, 160 yards east of the southwest corner of 5, the jaspilyte comes

in in outcrops of considerable width.

Mr. McCamus traced the iron formation southwest from the northeast corner

of 4. It appears to cross the boundary of 5 and to be split up, an outcrop occurring

r.ear the camp in 4. Here, in the southwest corner of 4 about 25 yards southeast of

a shanty, the jaspilyte is cut by two dikes. The band of iron formation here is about

200 feet wide. A mica trap dike runs northwest approximately and averages 6 to 10

feet in width. At its southeast end it cuts a felsite dike, which also cuts the iron

formation and runs southwest approximately. The width of the latter dike is about

6 feet. The trap dike holds inclusions of granite, as does the smaller dike near by.

A little creek cuts across the iron formation to the east, and the country is covered

along the course of the iron formation to the eastward. To the north are large out-

ciops of rusty-weathering rock.

South Boundaries of 5, 6, 7, 8, 9

Following the southern boundary of 6 and 7 a trail is seen running along the north

of the line to avoid a hill and a small lake. On the east end of the southern boundary

•if 6 is a high hill from which the country can be seen for miles around. Mount
Chanmanis^ which lies a short distance east cf the inter-provincial boundary line near

the forty-second mile post from lake Temiskaming, looms up with its characteristic

haystack form.

Three of the outcrops of jaspilyte in location 6 along its southern boundary strike

north and northeast. Outcrops are seen in 7 and one in 8, 100 yards east of the post.

The strike was northwest and the dip, which was almost vertical, was to the east. The

outcrop 's about 25 feet in length. Near the southeast corner post of 9 there ic a

small outcrop of the iron formation, 5 or 6 feet wide. Its strike is northwest. On tlie

same location, 200 yards west of the post, is an outcrop about 30 feet in length. The
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ilrike is northwest. Fifty yards farther west is an outcrop which has a strike north-

west and a width of about 30 feet. There appears to be one baud which has been

broken up by greenstone. In the swamp a short distance west is a mass of iron

formation 10 or 12 feet in diameter, which might not be in place. Along the line for

100 yards or so east of the southwest corner of 9 the jaspilyte shows in outcrops a few

feet in widch and is much disturbed.

There is a swamp on the west half of 8. Xo outcrop was seen or determined by

the dip needle 200 yards south of the east and west line or to the northward between

lots 7 and 8.

Going north on the line between 7 and 8 the syenite is met with a. quarter of :i

ciiile south of the north boundary. A rusty band lies to the south. The syenite rises

irto a hill along the north boundary.

Locations II, 12. 18

Going west on the line between 10 and 12 a few feet of banded iron ore is seen

150 yards west of the corner post. At 264 yards a band has a width of 3 or 4 feet,

ind the strike is parallel with the survey line for a few yards. There is a creek at

the northwest corner of 12. The post is situated on the west edge of the creek.

Four hundred and forty yards north of the southeast corner of 18 there are a few

feet of l)anded ore which shows at the outlet of a creek which comes from a lake in

18. This lake lies immediately west of the line, and is not shown on the publish.^d

map of the township. The gorge of the creek lies in the iron formation. There is "in

interesting little beaver dam across the creek at this poinl. Just southwest of th's

dam the banded rock is much wider than at the dam itself.

Jaspilyte outcrops across 11 and 12, between the east boundary of 18 and the

west of 13. On 11 on the east face of the hill near the centre of the lot facing th^

creek bottom there is an exposure of jaspilyte with a total thickness of about 90 feet,

interbanded with which are three layers of rock each about 4 feet wide. On lot 12

on the face of the hill, facing west into the creek bottom, is about the same width

of jaspilyte. The iron formation seems to split up here, one part running east to the

3.5 feet band on the west boundary of 13, and the other north to the south boundary
of 10.

The iron formation runs south in 12, and outcrops 300 yards west of the 600

yard point north of the southwest corner of 13. It occurs on both sides of the north
rnd south line between 11 and 12 in this part of the field.

The distribution of the outcrops of the iron formation in 12 illustrates the dis-

turbance to which it has been subjected in Boston. Three have been referred to in

the location ; one crossing the line between 12 and 13, near the northwest corner -'f

the latter
;
another on the line between 10 and 12, about 200 yards Trom the north-

cast corner of 12; while a third outcrop is that referred to above. It lies 300 yards
west of a point on the west boundary of 13, the point being 600 yards north of the
southwest corner post of this location.

Conglomerate appears 300 yards west of the 60U yard point north from the Eouth
end of the west boundary of 13.

CONGLOMERATE
The conglomerate outliers which were met with, as shown by the above description

of the locations, are three in number, if we except one which has a matrix of crystal-

line limestone. These are (1) at the southeast corner of 4, (2) on the southern bound-
ary of 17, (3) on the south half of 12.

This conglomerate probably was at one time a widespread formation here but
has been removed by erosive agencies. It is probably of the same age as that in whijh
the cobalt-silver veins occur near lake Temiskaming. The township of Boston lies

Qt a greater elevation than the outcrops near Temiskaming. Hence its surface has
been subjected to more severe erosion.
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ROCKS NEAR ROUND LAKE

Some of the rocks in the vicinity of Round lake and in the township of Otto are

described in a report made by Mr. L. L. Bolton to the Bureau of Mines, and published

in the 12th Annual Volume.

The present writer did not spend much time around the lake 'jut made the follow

ing notes:

The rock near the south end of the east boundary of Otto is syenite with dark

ipclusions which are more or less rounded. These dark patches no doubt represent

fragments of the Keewatin which have been enclosed and partly absorbed by the in-

trusive granite magma. Going around the eastern edge of Round lake simila^ outcrops

are seen. Continuing the canoe route down the river, the rock seen on the shores is

fhiefly granite, with dark inclusions, to the point where the north branch joins the

Round lake branch of the Blanche.

I



PRE=CAMBRIAN NOMENCLATURE'
[Introductory note by C. R. Van Hise]

The report below of the special committee on the nomenclature and correlation

c' the geological formations of the United States and Canada is the first joint report

cf the geologists of the two countries. Before the death of Dr. G. M. Dawson, for-

merly director of the Canadian Geological Survey, I had correspondence with hi:a

ill reference to joint field-work in the lake Superior region. It was agreed between us

that such field-work .should be undertaken, but his untimely death occurred before

anything was done.

After Dr. Dawson's death I continued correspondence upon the subject with Dr:

Robert IScH, acting director of the Canadian Geological Survey. As a result of thii

tcrrespondence, December 22, 1902, Dr. Bell wrote to Dr. C. D. Walcott, director tf

the United States Geological Survey, suggesting a conference in leference to the

njutual interest of the two Surveys. This letter led to the appointment of a com-

mittee—consisting of C. W. Hayes and, C. R. Van Hise, for the United Statss

Geological Survey, and Robert Bell and Frank D. Adams, for the Canadian Geological

Survey—to consider all questions as to the successions of formations, and as to

nomenclature, which concerned the two Surveys.

This committee, with C W. Hayes as chairman, met for the first time at

jWafihington, January 2, 1903. At this meeting several special committees were

appointed to consider different districts along the international boundary. For th<j

ilake Superior region the following committee was appointed ; for the United States,

iC. R. Van Hise and C. K. Leith. of the United Statevs Geological Survey, and A. 0.

I'Lane, state geologist of Michigan ; and for Canada, Robert Bell and Frank D. Adams,

l)t the Canadian Geological Survey, and W. G. Miller, provincial geologist of Ontario.

August 3, 1904, this special committee met in the Marq>iette district of Michigan,

nd during the sis weeks following visited successively the Gogebic, Mesabi, Vermilion,

iainy lake, Lake of the Woods, Aniraikie, and original Huronian districts. After

nishiiig the field-work, a report in preliminary form was drawn up.

In December, 1901, another meeting of the special committee was held at Phila-

clphia, further to consider the repoi't, all members of the committee being present

xcept C. R. Van Hise. At this meeting the report of the sub-commiitee was com-

ieted as given below.

I

REPORT OF THE COMMITTEE

Your special committee on the lake Superior region, during the months of August

id September, 1901, visited various districts in the lake Superior country, their

irpose being to ascertain, if possible, whether they could agree upon the succe.ssion

id relations of the formations in the various districts, and could further agree

)on a nomenclature appropriate to express the facts. The districts visited were

e Martiuette, the Penokee-Gogebic, the Mesabi, the Vermilion, the Rainy lake,

e Lake of the Woods, the Thunder Bay, and the original Huronian to the north

lore of Ijake Huron. Aside from the regular members of the special committee,
)• parts of the trip other geologists were with the party. Dr. C. W. Hayes, geologist

! charge of geology. United States Geological Survey, and a member of the general

< nmittee, was with the party for the Marquette, Penokee-Gogebic, Mesabi, Ver-

tlion, and Rainy lake districts. Professor A. E. Seaman was with the party for

iTleport of Intprnational Committee on Lake Superior Geology; from the Journal of Geology,
Iiruary-March, 1905.

[2(i9]
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tho Marquette, Penokee-Gogebic, Rainy lake, Lake of the Woods, and Thunder

Bay districts. Mr. J. U. Sebenius was with the party for the Mesabi district, Mr.

W. N. Merriam, for the Mesabi and Vermilion districts; Mr. W. N. Smith, for the

Thunder Bay district; Mr. E. D. Ingall and Mr. T. D. Denis, for the Lake Huron

district. Tho knowledge of these men was of great assistance to the committee.

In the following pages we shall give the successions and relations of formations

which we believe to obtain for each of the districts visited, and give our opinion as

to the major correlation of the rock series of the various districts, so far as th'S

can be safely done, and the nomenclature which seems to best express the facts.

For each district, unless otherwise specified, the succession will be considered

in descending order. In giving the successions for the various districts, we shall

V'se, for convenience, tho names suggested by geologists who have done the detailed

work in the districts, without thereby expressing any opinion as to their appropri-

eteness or their advisability.

In tho Marquette district we found the upper series there exposed to be as fol;

lows: (1) Michigamnie slate and schist, and (2) Ishpeming formation. Locally within

the Miclugamme slate, and apparently near its base, is an iron-bearing horizoa.

The Clarksburg volcanics, said to be a local phase of the Michigamme formation,

were seen at Champion. The basal member of the Ishpeming formation is the

Goodrich quartzite. This series, called the upper Marquette series by the United

States Geological Survey, has at its base a pronounced unconformity, marked bv

extensive beds of conglomerate, having materials of diverse character. The dominant
Iragments of tho conglomerate at the localities visited are from the Negaunee for-

mation to be mentioned below. The next series is the Middle Marquette series,

consisting of (1) the Negaunee formation, (2) the Siamo slate, and (3) the Ajiliik

quartzite. In the publications of the United States Geological Survey this 'seri"9

was not separated from the series nest mentioned, but the work of Professor Seaman
has shown that there is a pronounced unconformity, marked by strong basal toa-

glomerates at the bottom of the Ajibik. Below this unconformity is the Lower
Marquette series, consisting of (1) the Wewe slate, (2) the Kona dolomite, and (3)

the Mesnard quartzite. At the places where we saw the succession there is a belt of

slate between the Kona dolomite and the Mesnard quartzit^ of such thickness that it

might possibly be mapped as a formation if the exposures were more numerous.

The members of the United States Geological Survey think that this slate is proba'i!?

c.eneral for the district, as it shows wherever the exposures are continuous from thi

dolomite to the quartzite. At the base of the Lower Marquette series is an

unconformity, marked by conglomerates bearing fragments of all the kinds of rocks

seen in the tinderlying series. Two classes of fragments are especially abundant.

These are (1) tuff, greenstone schist, and manj' kinds of greenstones which

belong to the so-called green-schist series of the district, and (2) varioius kinds

of granite and gneissoid granite. Adjacent to the state road south of the city

ol' Marquette the actual contact was seen between the two series, tho basal

conglomerate resting upon the green schist. The great variety of materials

in this conglomerate and thte well-rounded character of the fragments left no doubt

in the minds of the members of the party that there is a great structural break »t

the base of the Lower Marquette series.

The lowest group of the Marquette district is a very complex one, which has

been designated as the Basement Complex. It consists of two classes of material

—

the greenstone-schist series, and the granites and gneissoid granites. The greenstone

schist series is especially well known through the description of the late George H
Williams, found in Bulletin 62 of the United States Geological Survey. Tliis series

is designated on the maps of the Marquette Monograph as the Kitehi and Moua

schists. Instrusive in the green schist series are great masses of granite and gneissoid

irranite. No evidence was seen by the party that any of the granites intrude the

sedimentary series above the green-schist series, although Seaman thinks in one
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place a small mass of granite does intrude the Lower Marquett-e series. It is believed

that the great masses of granite of the district antedate the three series here called

Upper, Middle and Lower Marquette.

In the Penokee-Gogebic district the highest rockti seen are the Keweenawan
traps and interbedded sandstones, the bedding of which dips at a high angle to

the north. No actual contact between the Kewecnawau and the next underlying

series was seen, but north of Bessemer, below the Keweeuawan, the next formation

is the great Tj'ler slate formation of the Penokee series, while at Sunday lake the

Keweenawan rests directly on the iron-bearing formation which is stratigraphically

below the slate. This relation led the party to infer the existence of an important

unconformity between the two. The Penokee-Gogebic, or iron-bearing series, con-

sists of (1) the Tyler slate, (2) the Ironwood formation, and (.3) the Palms slate.

Ihis Palms slate was seen to rest directly upon granite south of the Newport and
i'alms m'ne. At the former locality there is no conglomerate at the base. At the

latter locality there is a conglomerate at the base of the slate which, besides contain-

ing granite detritus, also contains many cherty fragments supposed to be derived

Irom the next underlying sedimentary series.

East of the Presque Isle river the lower sedimentary succession of the Pinokee-

Gogebij district was visited, here consisting of (1) cherty limestone and (2) quartzfte.

'Iho quartzite dips to the north at a moderate angle and reste upon green schist. The
two formations were seen in direct contact for a hundred feSt or more. The cleava;^e

c! the green schist abuts against the bedding of the quartzite at right angles. The

quartzite near its base -passes into a conglomerate, which, just above the conta.t

becomes very coarse and contains very numerous well-rolled fragments of the im-

mediately subjacent schist. The unconformity at the base of the quartzite could not

be more pronounced.

The party nowhere saw the relations of the limestone-quartzite series just des-

cribed and the Penokee-Gogebic series proper, but they have no reason to doubt the

conclusion of the United States Geological Survey that the limestone-quartzite series

is the inferior one.

The relations of the green schist, called Mareniscan by the United States

geologists, and the granite, which tc^etherr constitutte rthe basement upon which

thie determined sedimentary series of the dictrict rest, were not studied by the

party. The Uiiited States geologists hold that the relations are perfectly clear, and

that the granitic rocks are intrusive in the grcon schist.

In the Mesabi district the succession of the Mesabi series is as follows : (I)

Virginia slate, (2) the Biwabik iron formation, and (3) the Pokegama quartzite.

This series dips at a gentle angle to thie south. At the base of this series at

Biwabik is a conglomerate which rests upon a series of slates and graywacke, the

latter in nearly vertical attitude. The unconformity between the two is most

pronounced. The slate and graywacke where crossed has a considerable breadth.

It flanks a grfen-schist series. The slate and graywacke formation adjacent to the

green-schist is conglomeratic. Many of the fragments of the conglomerate are from

the underlying green schists. At the locality visited it could not be asserted that

the break between the slate-graywacke formation and the green-schist series is great,

ftlthoush nothing was seen which is contrary to this view. The granite constituting

the Mesabi range is reported by the United States geologists as intruding both the

green-ischist and the slate-graywacke series, but not the Mesabi series. At the east

end of the district a newer granite is reported as ''ntruding both the Mesabi and the

Keweenawan series, and in the central portion of the district small areas of granite

porphyry are reported as antedating the slate-graywacke series.

In the Vermilion district the Upper series, where seen, consists of (1) Knife
slates and (2) Ogishke conglomerate. The Ogishke conglomerate contains very numer-
ous fragments of all tlie underlying formations noted—porphyries, green schists, iron

fermation, granite—and we have no doubt that there is a great structural break
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at the base of the Ogishke. The series below this unconfoimitj', the Vermilion series,

consists of (1) the Elj' greenstone and (2) the Soudan formation. The Ely greenstone

ii tbe dominant formation. It is mainly composed of green schists and greenstones,

many of which show the ellipsoidal structure described by Clements. The oth.T

important formation of the V^ermilion series is the Soudan iron formation. The
structural relations of the Ely greenstone and the Soudan formation are most

intricate. No opinion here expressed as to their order. The Ely greenstone and

the Soudan iron formation are cut by porphyries, and, according to the reports of

the United States Geological Survey, are cut in a most complex way by the great

northern granite, but the localities ilustrating this were not visited. It is worthy

ol mention that the United Sates geologists report granite as intruding the Knife

slates and Ogishke conglomerates in the central parts of the district, especially in

the vicinity of Snowbank lake, but this locality was not visited by the party.

In the Rainy lake district the party observed th?- relations of the several for-

mations along one line of section at tlie east end of Shoal lake and at a number of

other localities. The party is satisfied that along the line of section most closely

studied the relations are clear and distinct. The C'ouchicliing schisfs form the highest

formation. These are a series of micaceous schists graduating downward into gree.T

hornblendic and chloj'itic schists, here mapped by Lawsun as Keewatin, which pabS

int ) a conglomerate known as the Shoal lake conglomerate. This conglomeral;e lies

upon an area of green schists and granites known as the Bad Vermilion granites.

It holds numerous large well-rolled fragments of the underlying rocks, and forms

the base of a sedimentary series. It is certain that in this line of section the

C'ouchicliing is stratigraphically higher than the chloritic schists and conglomerates

mapped as Keewatin. On the south side of Rat Root bay there is also a great con-

glomerate belt, the dominant fragments of which consist of green schist and greenstone,

but which also contain much granite. The party did not visit the main belts

colored by Lawson as Keewatin on the Rainy lake map, constituting a large part

o' the northern and central parts of Rainy lake. These, however, had been visited by

Van Hise in a previous year, and he regards these areas as largely similar to the greeu-

schist areas intruded by granite at Bad Vermilion lake, where the schists and granites

are the source of the pebbles and boulders of the conglomerate.

In the Lake of the Woods area one main section was made irom Falcon island

to Rat Portage, with various traverses to ,the east and west of the line of section.

1 he section was not altogether continuous, but a number of representatives of eacn

lonnation mapped by Lawson were visited. We found Lawson's descriptions to be

substantially correct. We were unable to find any belts of undoubted sedimentary

slate of considerable magnitude. At one or two localities, subordinate belts of

slate which appeared to be ordinary sediment, and one belt of black slate which is

certainly sediment, are found. In short, the materials which we could recognize

a.s water-deposited sediments are small in volume. Many of the slaty phases of

rocks seemed to be no more than the metamorphosed ellipsoidal greenstones and

tuffs, but some of them may be altered felsite. However, we do not assert that larger

areas may not be sedimentary in the sense of being deposited under water. Asi-u!

from the belts mapped as slate, there are great areas of what Lawson calls agglom-

frate. These belts, mapped as agglomerates, seem to us to be largely tuff deposit-j,

but also include extensive areas of ellipsoidal greenstones. At a number of places,

associated and inter.stratified with the slaty phases are narrow bands of ferruginous

and siliceous dolomite. For the most part the bands are less than a foot in thick-

liess, and no band was seen as wide as three feet, but the aggregate thickness of a

number of bands at one locality would amount to several feet.

We could discover no structural breaks between the above formations of the

Lake of the Woods. The various classes of materials—slates, agglomerate and

ellipsoidal greenstones—all seem to belong together. In short, these rocks in the

Lake of the Woods seem to us to constitute one series whichi is very largely igneous
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rr volcanic in origin, but does, as above mentioned, contain some sediments. This

series in the Lake of the AVoods area is the one for which the term "Keewatin"
was first proposed for the greenstone series, Lawson giving as one reason for pro-

posing this name the statement that there is no evidence that these rocks ire

equivalent with the rocks of Lake Huron described by Logan and Murray as Huronian.

The ellipsoidal greenstone-agglonierate-slate series is cut in a most intricate way
by granite and granitoid gneiss, which constitute much of Falcon island at the

f-outhern part of the Lake of the Woods and a great area north of the Lake of ha

Woods. These relations between the granite and Keewatin were seen on the nort.h-

west part of Falcon island and' on a small island adjacent. They were also seen

Jjorth of Rat Portage. At the latter place the rocks adjacent to tlLe granite ara

banded hornblende and micaceous schi.sts, very similar to the banded rocks of Light

House point, at M_rquette. At Hebe falls the granite and Kefwatin series are seen

tc be in actual contact, the Keewatin being apparently intruded by the granite.s,

although the relations have often been interpreted as conformable gradations. Going
north along the Winnipeg river, the relations between the two series become perfectlv

clear. Great blocks of the Keewatin are included in the granite, the masses varying

from those of small size to others of enormous bulk. Also the two have intricate

relations, which have perhaps been best described as lit par lit injection. In short,

the relations are those so well described by Lawson for this area.

In the Thunder Bay district we visited especially the areas about Loon lake an-l

Port Arthur. In the Loon lake area the succession is as follows: The top series i'

the Keweenawan, hero consisting of sandstone above and conglomerate below, with

interbedded basic igneous flows or sills. Below the Keweenawan is the Animikie.

The contact between the Keweenawan and the Animikie was seen at two places.

At one ot these there is an appearance of conformity, but at the other the eroded

edges of the Animikie iron-bearing formation are traversed by the Keweenawan beds.

At one contact the base of tlie Keweenawan rests on the Animikie slate, inter-

stratified with the iron formation, and at the other on one of the members of the

iron-bearing formation. At both localities the conglomerate at the base of the

Keweenawan bears detritus from the underlying series, including both the slate and
the iron-bearing formations of the Animikie. The Animikie succession which we
saw near Loon lake includes two phases of the iron-bearing formation with an inter-

stratified belt of slate. The Animikie here has in general rather flat dips, although

locally they become somewhat steeper.

Near Port Arthur the higher slate member of the Animikie was visited by a

portion of the party, and on previous occasions had been visited by the other members.

This is the formation which is agreed by all to rest upon the Animikie iron formation.

Jt is notable as containing the intrusive sills called by Lawson the Logan sills.

At one place near Loon lake a test pit has been sunk to tlie bottom of the

Animikie, and here at the base of the formation is a conglomerate bearing fragments

of the next underlying series—.a graywacke slate. This graywacke slate covers a

Ifrge area, shows cleavage at a high angle, and is evidently an important foi-mation

in the district.

The party has no doubt that there is considerable unconformity between the

Keweenawan and the Animikie, and a very important unconformity between the

Animikie and the graywacke slates.

A portion of the party went north from Port Arthur to see the green-schist and
granite series. This was found, but seen only in small volume at the particular area

\ 'sited. At other times several members of the party have visited larger areas of

this green-schist and granite complex north and northwest of Port Arthur in Gorham.
Conmee, and other townships, and in the green schists they found an iron-bearin'j

formation analogous in character to the Soudan formation of the Vermilion district.

The granites are intriusive in the greenstones.

18 M.
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At no place were the relations betwe?n the graywacke slate seiies below the
Animikie and the green-schist granite complex observed.

In the original Hiironian area—i. e., the area described by J.ogan and Murray
as extending from near Sault Ste. Marie along the north shore of Lake Huron to
Thossalon and northward—we examined a number of crucial localities. At the first

of these, about five miles from Sault Ste. Marie, near Root river, we studie'd th-^

relations of the conglomerate, mapped as lower slate conglomerate by Logan, with the
granite. The conglomerate is in a vertical position. We found the upper hon/.on
rf the conglomerate near the road to be of moderate coarseness, and to contain man^'
fragments of green schist, greenstone and granite. The granite fragments increasti

in prominence and size toward the north, and at the north end of the exposure we
have a great granite conglomerate. After an interval of a few paces we found to the

liorth a red granite similar to many of the fragments of the conglomerate. The
party has no doubt that the conglomerate rests unconformably upon the granite.

This conglomerate, while mapped by Logan as lower slate conglomerate, appears to

be above a limestone next to be mentioned, and has been connected by \'an Hiso

pnd Leith with rocks like tlie red quartzite belonging above the limestone, and they

believe it to be the upper slate conglomerate rather than the lower slate conglomerate,

f.lthough the overlapping recent lake deposits prevent the connection by actual areal

tracing. A short distance east of the point wliere the conglomerate is next to tli^

granite and north of the great mass of the conglomerate is a belt of limestone which

continues east for perhaps half a mile. North of this limestone is conglomerate, aiid

fctill to the north, granite. This northern conglomerate is very similar to the con-

glomerate south of the limestone, and two interpretations are possible as to its

position: it may be regarded as the lo\ycr slate conglomerate under the limesLont

01 it may he regarded as an ecjuivalent to the conglomerate south of the limestone,

being repeated by an anticline or possibly a fault. The limestone has a steep dip to

the north, and, accepting either alternative, it must be regarded as overturned.

Wo next visited the aoandoned limestone quarry north of Garden rirer station.

Here we found the conglomerate, marked by Logan as the upper slate conglomerate

within a few paces of the limestone. This conglomerate is in all respects similar

to the average of the conglomerates before mentioned, except that it contains very

numerous limestone fragments. The party has no doubt that ihe limestone formation

TV as laid down, and that a considerable erosion interval occurred before the deposition

of the conglomerate upon the limestone. The slate-conglomerate bolt north of th>

limestone was examined, and while it was not found in contact with the limestone,

it was seen to increase in coarseness as the limestone is approached, and across tha

little ravine which separates the conglomerate from the limestone it was found to

contain numerous limestone fragments. We therefore conclude that the rock on

fcach side of the limestone is the upper slate conglomerate, the structure being anti-

clinal, possibly with faulting. This conclusion suggests that the same relation

obtains at the Root river locality above described.

On the limestone point on the ea.st side of Echo lake we found the following

ascendint; succession, with monoclinal dip to the south?ast : (1) white or gray quartz-

ite, grading through graywacke into (2) a thin belt of conglomerate not exceeding

twenty feet in thickness and containing numerous granite fragments. Above the

conglomerate is (3) limestone in considerable thickness, and over this (4) the upper

slate conglomerate. This last is a thick formation. The upper conglomerate is very

coarse near the limestone, and becomes finer in passing away from the limestone along

the lake shore. Like the conglomerate near Garden river, it bears very numerous

limestone fragments, the evidence of which is beautifully seen at the lake shore,

Trhere the water has dissolved many of them completely and others in part. The

ledge thus presents a deeply pitted surface, many of the pits being several inches

in depth.

18a M.
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Oh the west side of Echo lake we ascended the promiuent bluff next north of the

west limestone point, and here found the formation nearly horizontal, but dipping;

slightly into the hill. The quartzite in tnis position composes the greater part of the

bluff. A short distance from the top we found .the quartzite grading upward intJ

a graywacke-like i-ock, and this into a conglo.iierate which contains granite and green-

schist fragments
; indeed, it is typical slate conglomerate. This conglomerate is oniy

s few feet in thickness, and above it appears a siliceous limestone, and above this,

rornial limestone like that of Garden river and the east side of Echo lake. Th^

total thickness of the limestone here seen was probably not more than fifty feet, ani

ot the conglomerate below, not more than thirty feet. The lower five hundred feet

r,i more of the bluff is the white quartzite.

The other bluffs on the we.st side of the lake were not visited by the partj', but

Leith, Seaman, and Van Hise have examined each of these bluffs, and found ".he

succession above given to obtain upon each prominent bluff, with the exception that

on the next bluff to the north the limestone is wanting, so far as observed. The

•.iraestone is also in greater force on some of the other bluffs, but is always subordinate

it thickness to the quartzite. It thus appears that the great formation on the west

tide of Echo lake is the quartzite : that the limestone above appears, not as a singlo

belt, but as a number of synclinal patches often capping the hills ; and that ti<e

eonolomerat;^ showing both north and south of the limestone is a very thin foundation

between the quartzite and the limestone, and is. therefore, the lower slate con-

glomerate.

Our observations from Root river to Echo lake convince u.s that there is a con-

siderable .structural break in the Huronian. The upper series includes the followin;x

formations of Logan, viz. : white quartzite, chert, and limestone, yellow chert and

limestone, white quartzite, red jasper conglomerate, red quartzite, and upper slate

conglomerate. The lower series include.s the lower limestone of Logan and the lower

6iate conglomerate, white quartzite, and gray quartzite. North of Thessalon the two

series are represented by Logan and Murray as being separated by a fault. Here

the distribution may be explained by the unconformity mentioned, but it is also

entirely possible that the relations are due to faulting or to both unconformity and

faulting.

Four miles east of Thessalon on several islands off the coast is a great conglom-

erate, mapped by Logan and Murray as a gray quartzite. This conglomerate was

found to rest unconformably upon the granite, the actual contact being observed

ui>i)ii one island opposite the northwest quarter of section 12 of the township of

Thessalon. The fragments in the conglomerate are well rounded and are large'y

granite, but there are numerous pebbles and boulders of greenstone and green schist.

On several islands adjacent to the conglomerate the massive granite includes many
fragments of greenstone and green schLst, showing the granite to be intrusive intj

tt greenstone formation. Thus in the complex against which the conglomerate resls

wt have a source both for the granite and greenstone pebbles and boulders. To th.»

northwest the conglomerate grades up by the interstratification into a quartzite,

-About a quarter of a mile west of the conglomerate, near the north end of a point,

the qusrtzite is found to become a fine conglomerate, and to rest against green.stone

vhich is cut by a large granite dike. The greenstone shows ellipsoidal parting. The
granite dike strikes toward the conglomerate and the quartzite, but it dies out into

a depressi-on showing no rock, which continues to the quartzite some fifty or sixty

leet distant. The quartzite and conglomerate strike directly across this depression,

showing continuous exposures, and are not cut by granite. The relations here ard

believed by certain members of the party to show clearly that the quartzite aBd
conglomerate rest unconformably upon the greenstone, but other members felt that

this conclusion is not certain. The conglomerate and gray quartzite are cut by

greenstone dikes. Similar rocks also cut the Thessalon series referred to below.
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The rocks called green chloritic schist by Logan (3c) will here be called th-j

Thessalon series. This series consists of ellipsoidal greenstones, amjgdaloids, agglom-
erates, and massive greenstones. No undoubted sediments were observed in the

series. The relations of the Thessalon series to tlie granite were observed southeast

of Little Rapids, and it was found that the granite cuts the greenstone series in ai
intricate fashion. The belt of gray quartzite, mapped as extending inland for .".

number of miles between the Thessalon series and the granite, was found to be absent

at this locality. Two or three miles cast of Thessalon, felsite and granite in consider-

able masses were found to intrude the Thessalon series. At one place several felsite

or granite dikes were observed to cut both the agglomerates and ellipsoidal green-

f.tones. From the relations observed, the party li.ad no doubt that the conglomerate

i='ands east of Thessalon belong unconformably upon the granite, and they think it

I robable (Van Hise would say highly probable) that the quartzite and conglomerate

rest unconformably upon the Thessalon series, mapped as green chloritic slate hy

I'Ogan and Murray. It is regarded as probable that the white quartzite below tha

lower slate conglomerate northwest of the Thessalon series which is adjacent, and is

fhown by its dip to rest upon the Thessalon series, is separated from that series by

an unconformity, but no direx:^t evidence of such relation was observed.

The Thessalon series should be excluded from the Huronian if, as believed, the

unconformity just mentioned exists. If this series be excluded, the Huronian of Lake
Huron consists of two series, an Upper Huronian and a Lower Huronian. Tha

Upper Huronian extends from the top of the series, as given by Logan and Murray,

downward to and including the upper slate conglomerate; and the Lower Huronian
extends from the main limestone formation to the gray quartzite, including its basal

conglomerates. In the area mapped by Logan on the north sliore of lake Huron tha

Laurentian consists of granite and gneissoid granite, with subordinate inclusions

cf greenstone.

We do not feel that our examination of the Lake Superior region was sufficiently

detailed to warrant an attempt at correlation of the individual formations of the

various districts. There arc, however, certain general points which seem to be reason-

ably clear, and about which there is no difference of opinion between us. These are

as follows

:

There is an important structural break at the base of the Keweenawan. Tii3

term "Keweenawan" should include substantially all of the area^ which have beea

thus mapped, or mapped as Nipigon, by the Canadian and United States Surveys,

and the State Surveys of Michigan, Minnesota and Wisconsin.

Below the Keweenawan is the Huronian system, which in our opinion should

include the following series ; In the Marquette district, tlLe Huronian should include

the Upper and Lower Marquette series, as defined in the monographs of the United

States Geological Survey, or the Upper, Middle, and Lower Marquette series, as

given in the previous paragraphs. In the Penokee-Gogebic district, the Huronian

Fhould include the series which have been called the Penokee-Gogebic series proper,

and the limestone and quartzite which have local development, and which we visited

east of the Presque Isle river. In the Mesabi district, the Huronian should include

the Mesabi series proper, and the slate-graywacke-conglomerate series, \inconformably

below the Mesabi series. In the Vermilion district, the Huronian should include

Ihe Knife slates and the Ogishke conglomerates. In the Rainy lake district, the

Huronian should include that part of the Couchiching of the southj part of Rainy

lake which is limited below by basal conglomerate as shown at Shoal lake. In the

Thunder Bay district, the Huronian should include the Animikie and the graywacke

series in the Loon lake area. In the original Huronian area, the Huronian should

include the area mapped by Logan and Murray as Huronian, except that the Thes-

salon greenstones should* probably be excluded.

Unconformably below the Huronian i.s the Keewatin. The Keewatin includes

the rocks so defined for the Lake of the Woods area and their equivalents. W';
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believe the Kitchi and Mona schists of the Marquette district (Mareniscan) of the

Penokee-Gogebic distiict, the greenstone series of the Mesabi district, the Ely green-

stones and Soudan formation of the Vermilion district, the part of the area mapped
as Keewatin by Lawson in the Rainy lake district not belongong structurally with

the Couchiching, and probably the Thessalon grenstone series on the north shore of

Lake Huron, to be efiuivalent to the Keewatin of the Lake of tlie Woods, and, so far

as this is true, they should be called Keewatin.

For the granites and gneissoid granites which antedate, or protrude through, the

Keewatin, and which are pre-Huronian, the term "Laurentian" is adopted. In

certain cases this term may also be employed, preferably with an explanatory phrase,

for associated granites of largo extent which cut the Huroiiian, or whose relations

to the Hurouiau cannot be determined.

TLe following succession and nomenclature are recognized and adopted:

CUMBRIAN"—Upper sandstones, etc., of lake Superior.

Unconformity

Pre-C.^mbrian

Keweonawan (NipigonJ'

Unconformiti/

Upper (Animikie)

Unconformity
Huronian j Middle

Unconformity

Lower

Unconformity
Keewatin

Eruptive contact

Laurentian

Alphabetically signed by the committee as follows:

Frank D. Adams,
Robert Bell,

A. C. Lane,

C. K. Leith,

W. G. Miller,

Charles R. Van Hise,

Special Committee for the Lake Superior Region.

iDr. Lane diesents as to the position of the Keweenawan as follows

:

"The nse of pre-Cambrian above does not imply unanimity in the committee with regard
to the pre-Cambrian correlation of the Keweenawan—a topic the committee as such did not
inTeetigate."



IRON RANGES OF MICHIPICOTEN WEST
BV J M BELL

The Michipicoten liuronian Area

Since the first discovery of iron ores in the Lake Superior region, it lias been a

niatter of very general observation that these ores occur within the limits of belts

of rocks of certain definite characteristics. These belts of iron-oearing rocks are

i;enerally known as ranges. The word "range" does not imply a mountain chain or

ridge ; but is used in a loose sense, merely to indicate that the iron-bearing rocks

trend in a general linear direction, and that the area occupied by them at the surfacj

fs much greater in longitudinal section than in cross-section. Often, however, the

ii on-bearing rocks occupy a prominent position in the landscape in which they occur,

and are relatively mountainous as compared with the rocks of generally faint relief

with which they are associated. Hence, in a way, even in the correct sense the word

"range" is not inappropriate.

On the United States side of Lake Superior there are several proiiiment belts of

iron-bearing rocks. Important among them are the Marquette Range, the Menom-
inee Range, the Penokee-Gogebic Range, the Mesabi Range and finally the Vennilijn

Range. On all of these iron ranges monographs have been written which have been

(,i great value to the miners and prospectors of the country. Each range has pro-

duced, and is still, annually, producing immense quantities of iron ore.

On the Canadian side r f Lak? Superior we, also, have belts of iron-bearing rocks^

though the-e have as yet not proved so important as on 'the other side of the line.

Among these ranges maj' be mentioned the Mattawin, the Atikokan, the Animikie,

the Nipigon, the Michipicoten, the Batchawana. the Hutton and the Temagami.

Though these various ranges have been examined in a more or less cursory manne",

very little systematic work has up to the present been undertaken. Only one of these
j

ranges, the Michipicoten, is at present an iron producer, but there is apparently no ;

reason why with further exploration several or all of them may not be found tj !

contain ore-bodies of value.

It was with the especial object of making a careful exa(inination of the Michi

picoten iron range that the wri1;er was instructed by the Director of the Bureau ot i

Mines to make a geological survey of the Michipicoten Huronian area. The area lies

on the north shore of Lake Superior, encircling Michipicoten bay, and is for the most

part included within the boundaries of the Michipicoten Mining Division set apart

b.v the Ontario Government in 1897, but some of the Huronian rocks lie beyond the

limit.s of the division. The Huronian rocks have a surface area of some 1,700 scjuare

miles, and are contained between X. lat. 47° 30' and N. lat 48° 30', and longitud?

84° west and longitude 86^ west. The area may be divided into four divisions. The

south section includes all Huronian rocks from the point some four or five miles north

of Point Gargantua. where they first appear on the Lake Superior shore, to the

Michipicoten river, and as far east as the ni' uth of i'ts tributary, the Sequamka. All

bands of iron-bearing rock within this stretci- make up the south Michipicoten Iron

Range. The east section of the Huronian area extends eastward from the Magpie river

to the Michipicoten and .'^eqnamka, and contains the east Michipicoten Iron Range.
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Witii the east Michipicoten Range belong the few small broken bands of iron-bearing

loekt. occurring west of the Magpie river near Michipicoten Harbor. The northern

Michipicoten Huronian, enclosed between two areas of granite, lies between the Magpi-3

river and the western branch of the Pucaswa river. The iron range which it contains

is practically a continuation of the eastern range. The western Huronian area,

V. h'ch is separated from the other three bj" granitic rocks, intrusive in the Huronian,

ijicludes three small patches of Huronian rocks, divided by later granite. It lies

between 3;ttr Head and Bear river, on the Lake Superior shore, and extends but a

short distance north of lake Michi-Biju. Within these is the western belt of iron-

bearing rocks.

The ea-stern Michipicoten Range is much the best known of the iron-bearing belts

because it has been carefully studied by Profes-or Coleman and Professor Willmott,

r>nd a report pulilished thereon.' This part of the range contains also the working

mine—the Helen; the Josephine prospect, and the old mine on Gros Cap worked nearly

thirty-five years ago. However, much investigation has to be carried out in parts

o*^ this stretch of country before the geological examinations can be said to be com-

flete. The southern Michipicoten Huronian has been examined only in a very hurried

way, and no attempt has been made to connect the various bands, known to occur

at lake Majinimuiigshing, cape Choyye, lake Anjigomi, and elsewhere. On the northern

Jron Range the valuable prospects of the Scott, the Frances, and Iron Lake ar.j

l>cated, and the belt on which they occur was examined in somewhat slight detail

by the writer with Mr. Albert Scott wl'ile in the employ of the Algoma Ctinmercial

Company. Ltd.. in 1902. Dr. Robert Bell also made some investigations on the same belt

for the Dominion Geological Survey in 1900.- L^p to the past summer no connected

survey had ever been made of the western range.

During the summer of 1904, the writer, with the assistance of Mr. H. AV. Evans

of Toronto, carried on geological explorations on both the western and northern

ranges," and completed a fair geological survey of the region as far east as the Magpie
river. Besides the writer and his assistant the party consisted of a cook and two
Indian voyageurs. The party, though small, was a good one, and adequate for the

work m hand. Our work was almost entirely by land. While investigating the western

range, trips were made inland at intervals of a mile or a little more, crossing the

strike of the rocks from the Lake Superior shore to the edge of the granite on the

I'orth., and south or north from lake Michi-Biju to the edge of the granite. In the

same way traverses were made at short intervals across the northern range from gran't3

to granite. Thus the various bands of iron-bearing rocks which do not appear on the

print ipal watercourses, were discovered and their trend traced across country. In

a country broken by rough hills, often separated by swampy valleys, and covered with

a dense forest growth, these trips across country day after day were often very

arduous, but the work was interesting, and for the most of the summer we were

favored with exceptionally fine weather. Generally the trips made inland from the

l.ikes and rivers lasted but one day, going in the morning and returning in the afta."-

noon. often by a new path in order to examine fresh country, but sometimes, as in

investigating the country west from Iron lake, it was necessary to tramp for three

cr iotir days through th? woods without returning to the main camp. When iron-

bearing rocks were found as a rule they were of prominent outcrop and easily trace-

able. When they disappeared beneath muskegs or sand plains, we were sometimes

able to trace their continuation by magnetic work, in this following the plan outlined

by Professor H. L. Smyth in his pamphlet published by the American liistitufe if

^Fining Engineers.

3

1 "The Michipicoten Iron Region," Bur. Mines, llth^ Bep., pp. 152-185.
2 See Ann. Rep. Can. Geol. Sur., 1900. pp. 109-121A. -^ Trans. A.I.M.E., Vol. XXTI, 1896,

pp. 640-709.
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BIBLIOGRAPHY OF THE REGION
For the conveuieuce of those who may be interested in the subject, I give the

following li.st of the literature already published on the Michipicoten Huronian area

or on the region adjoining

:

Report of the Geological Survey of Canada for 1846-184", in which Logan describes

the conglomerate at the mouth oi the Dole river and the sandstones at Cap Choyyon
and Cape Gargantua (p. 31). In it, also, Murray has some notes on tlie Michipicoten
river.

Lake Superior, its I'hvsical Character, Vegetation and Animals ; Louis Agassiz,

1850.

Report of the Geological Survey of Canada, 1863, in which the Huronian slates At

the Dore river are described (p. !!>'2). sandstones of Cape Gargantua considered (p. 82),

and the native copper of Cape Gargantua and a deposit of chalcopyrite on Michipi-
coten bay mentioned (p. 703).

Report of the Geological Survey of Canada, 1866, in which Macfarlane describes
the Lake Superior rocks and the occurrence of hematite at Little Gros Cap (p. 130).

Report of the Geological Survey of Canada, 1870-1871, in which Robert Bell des-

cribes the Pic and White rivers, and the geology of the surrounding country.

Report of the Geological Survey of Canada, 1875-1876. In this report Robert Bell

gives some notes on the Michipicoten river (pp. 331-335).

Report of the Geological Survey of Canada, 1876-1877, in which Robert Bell gives^

a description cf the rocks of the Lake Superior shore from Gros Cap to Cape Gar-
gantua (p. 218).

Report of the Geological Survey of Canada, 1880-1882. Here Dr. Bell gives an
account of the rocks of the Michipicoten river and of Dog lake, accompanied by a
geological map.

American Geologist, vol. xx,. p. 126. etc. An article by Taylcr in which he con-

siders Dog lake not an outlet of Lake Superior.

Minnesota Geological and Natural History Survey, vol. xx. Notes by Lawson on

the beaches at Dog river.

Bulletin Dennison University, vol. ii. Geclogy and Lithology of Michipicoten bay,

with four plates by Herrick, Tight and Jones.

Ontario Bureau of Mines Report. 1897. vol. vii., part 2. pp. 184-200. Michipicoten

Mining Division, by A. B. Willmott. 1898, in which the Magpie and Michipicoten rivers

are described, accompanied by a geological map.

Summary Report of the Geological Survey cf Canada for 1898, which, contains

an account by Robert Bell, of the survey and geological operations carried out by him-

self and by his party during the season of 1898.

Report Ontario Bureau of Mines, vol. viii., part 2, pp. 121-174; The Copper
Regions of the Upper Lakes, by A. P. Coleman, in whlich Coleman describes a trip

made by himself along the Lake Superior coast. A journey from Brenner Station oa
the C. P. R. via the Brenner river and the Pucaswa river to Lake Superior, and a

trip made by Professor Willmott from White River station, via the White river and
Dog river to Lake .Superior; 1899, accompanied by a geological map.

Summary Report of the Geological Survey of Canada, 1901. Contains an account

descriptive of further work carried out by Robert Bell in Michipicoten.

"The Michipicoten Huronian Area," A. B. AVillmott. The "American Geologist
"

vol. xxviii., July, 1901, p. 14, etc., in which the eruptive relation of the granites is

pointed out and a map given showing the northern iron range.

Report of the Ontario Bureau of Mines, vol. xi., 1902, pp. 152-185. "The Michi-

picoten Iron Range," by A. P. Coleman and A. B. AVillmott. The writers give here

a detailed description of the eastern Michipicoten Iron Range.

Journal of the Canadian Mining Institute, vol. vii. "Exploration of the Ontario

Iron Ranges," by A. B. Willmott, in wliich Willmott considers the possibilities oi

some of the prospects in the Michipicoten Iron Range.

"The Nomenclature of the Lake Superior Formations," by A. B. Willmott. Journal

of Geology, vol. ix. (1902). No. 1, p. 67, etc.

Report of Ontario Bureau of Mines, vol. xi., 1902, pp. 70-75, by D. G. Boyd,

Inspector. A statistical report of the development in Michipicoten.
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PHYSICORAPMY OF THE AREA

As has been mtntioned, our especial ^ork during tli3 summer of 1904 was an
examination of all iron-bearing rocks occurring west of the Jlagpie river. Howeverj

to elucidate, if possible, the problems relating to these rocks, the general geology of

the region was studied somewhat in detail and the physiography ralEer superficial!/

examined.

The topography of the region is one of considerable variety, and that character-

istic of the more rugged and less levelled phase of the old Laurentian peneplain o:

central Canada. Along the shco-e of Lake Superior high, hummocky, ridge-like hills

I ise often abruptly from, the water's edge. This rugged shore line is interrupted at

intervals by broad sand beaches, which break the monotony ot the precipitous cliffs,

l.'he highest hills, and those of greatest relief above the surrounding country, lie within

twelve miles of the Lake Superior shore. Northward, the uneven broken character of

the country decreases rather than increases, tills rising to considerable heights above

the general level of the country are fewer, and their relief not so great as farther

south. Moreover, whereas there is a somewhat rapid rise from the Lake Superior

shore of the general level of the country for several miles inland, northward the rise

towards the height of land, between the waters of the St. Lawrence and those of

Hudson Bay, is so slight as to be scarcely perceptible on the various rivers.

A Region of Hills and Valleys

In general the surface of the country, with its broken ridges, alternating wii!i

narrow linear valleys, may be spoken of as hilly. It stands in marked contrast to the

surface of the Laurentian plateau north of the Height of Land, which is practically

level and devoid of relief. Some distance north from the lake Superior shore the soft

Huronian schists are conspicuous physiographically as forming relatively low lands

compared with the highlands occupied by the resistant post-Huronian granitic rocks.

This difference is not so apparent on the Lake Superior shore, but it is nevertheless

evident in places. In going north from Ellen lake, I was particularly struck with thia

marked physiographic difference between the schists and the granitic rocks. Nortii

from Ellen lake for about three miles the rocks consist of granite. Near the northern

li.mit of these rocks the hills abruptly descend to a broad valley four or five miles

wide, beyond which the hills rapidly rise again at the border of the northern granitic

rocks. The valley contains the northern Michipicoten Huronian synclinonium with

its associated iron range.

The highest hills in the Michipicoten area have an altitude of from ten to twelve

hundred feet above sea level, and a view from the summit ci any of these shows that

almost all the other hills rise to the same general height. This uniform altitude indicates,

apparently, the existence of a former peneplain, or base-level of erosion, which has

leen elevated since its formation and is at present undergoing another cycle and being

reduced to a second, or possibly third, base-level of erosion bj- the comparative'/

rapid action of streams, frost, heat and other atmospheric agencies.

Tip-Top mountain, which Dr. Coleman considers possibly the highest point in thy

r^ovince of Ontario, lies almost seven miles west of the lake Superior shore and about

ffn miles north of Otter Head. Its height, as given by Dr. Coleman, is 1,52.5 feet

above lake Superior, or 2,125 feet above sea level. 4 High ridges cf hills occur north

of Ganley's Harbor, north of Lost lake towards the Pucaswa river, along the eastera

hranch of the Pucaswa, in the vicinity of Bear Mountain and at various other points.

Within the limits of the northern Michipicoten Huronian area proper the highest

hills, which stand out very definitely in this generally low-lying region, consist of

eruptive rocks entirely, or at least have a core composed of these rocks, or otherwisa

4 Eighth Bep. Bnr. Mines, 1899, p. 142.
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they are composed of the resistant quartzose rocks of the iron-liearing formation.

The most prominent elevation in this northern part of the Huronian area is that of

the Kabenung hills a low range which follows along the northern shore of Kabenung

lake for a little over a mile. These hills have probablv an altitude above Lake Superior

of about 1 ,200 feet, but the local relief very little exceeds 3o0 feet, if so great. Heart

mountain on the shore of Heart lake, about 2-50 feet above the surrounding country,

bnd mount Raymond about 300 feet above the waters of Paint lake, near which it Is

situated, are other conspicuous points on the landscape. These prominent elevations

with many others may be spoken of as monadnocks, or bills still standing above the

Fishing villagf, Micliiijicoten Lsland.

general level, which have been able to resist the long-continued subaerial erosion.

Ill many parts of the country broad lacustrine sandplains, or fairly extensive swamps

and muskegs, intervene between the stretches of hilly country and break the usual

uneven character of the region.

Rivers of the District

The area is drained by numei-ous streams and rivulets which thread their way

fiom lake to lake, sometimes almost stagnant for a mile or more, again wild foaming

torrents, with rapids over beds of boulders, or waterfalls over cliffs. The largest

streams, in the western and northern Huronian areas, are the Pucaswa river and the

Dog river, which enter Lake Superior, and the JLagpie river, which flows into the

Michipicoten river. Other considerable .streams flowina: into Lake Superi' r arc the

Julia river, the Pipe river, the Floating Heart river, the Eagle river. Fall creek, the

Bear river, the Little Bear river, and the Dore river. Like all glaciated countries,

the region is thickly dotted with lakes varying in size from ponds only a few yards

across, up to sheets of water five miles or more in length. These natural reservoirs

maintain a fairly uniform flow of water in the various streams, throughout the year,

tnoueh of course the effects of dry weather or increased rainfall are decidedly

ooservable.
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THE PUCASWA
The Pucaswa river was descendeds by Dr. Coleman from a point about 25 miles

above its mouth to Lake Superior in 1898. He describes it as being throughout this

distance a particularly difficult stream to navigate, being merely a succession of shallow

rapids broken by very short stretches of navigable water. Unlike most of the rivers

which enter Lake Superior, there are no lake expansions along its ccurse, at least

fcr 25 miles from its mouth, though there may be, farther towards its source. From
a point one-half mile above its mouth the river descends some 55 feet in a distance

of less than a quarter of a ni'le in a roaring cataract, hemmed in, particularly on

the north side, by walls of schist, which rise two to three hundred feet above the

river bottom. The bed of the stream is filled with immense angular boulders which

increase the broken character of the water. Dr. Coleman describes this fall of 55 feet

as being the highest fall in the course of the river.

Gorge on the I'ucaswa river, near its mouth.

Some five miles above its mouth the main Pucaswa riier is joined by the eastern

branch, coming from the northeast. This stream is apparently rather more than half tho

size of the main river. The united stream below the confluence has a width of about

fifty yards. The eastern branch rises in a number of small lakes which lie south of

Fox lake, near Pokay lake, and about eight miles north of Iron lake. The eastern

branch has a length of about thirty miles, and like the main river, is nothing but a

S Report of Ontario Bureau of Mines 1899, Part II.
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succession of shallow rapids and low falls joined by short stretches of more slowly

moving water. Neither the main Pucaswa nor its eastern branch is ever now used
a( a route through the country by the Indians, though it is said that they were navi-

gated in summer some twenty years ago or more by a family who bore the name of

Pucaswa from the stream on which they lived, and who were all drowned in crossing

t I Michipicoten island early in spring. There is a fairly good portage-tra>l on the left

bank of the stream, past the falls near Lake Superior, but this is apparently the only
sign of the former use of the river.

( iorge on Pucaswa river, near mouth,

A small stream some ten miles in length, which enters near or at Otter Covo,

r-ses near the Pucaswa river, and is still used by the Indians in entering the country.

The stream joins together a number of small expansions, the portages between which
are short, and there is only one long carry of about two miles from Otter Cove to the
first lakelet.

Some two and a half miles southeast of the mouth of the Pucaswa, the Julia

river enters Lake Superior. It is a small rapid stream, only six or seven miles in

Itngth, which rises in some small lakes and ponds to the northeast of its mouth. Tho
Pipe river, which enters Lake Superior about seven miles southeast of the Julia river,

has a length of about six miles, and drains a number of lakes one-half mile or more
in length. These lakes form part of the canoe route, from Red Sucker harbor to thj
David lakes, near the Pucaswa river.

k
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Floating Heart river, which flows into Lake Superior abcut a niik- and a half

east of Ganley's harbor, is the largest stream between the Dog river and the Pucaswa.

Il drains Floating Heart lake, Lost lake, and the lakes lying to the southwest of

lake Michi-Biju. Some of these lakes are on the route between the mouth of the

Ghost river, via Little Trout lake, to lake Michi-Biju.

Eagle river flews into Lake Superior just west of the high cliffs known as "Les

Fquerres,"6 and about eight miles west of the mouth of the Dog. The river drains

Cameron lake and other lakes south of lake Michi-Biju, and is not navigable. About

a mile above its mouth are falls of great beauty, which occur in a succession of throa

jumps close together, each of about thirty feet. Fall brook is a small rapid stream,

flowing into Lake Superior about three miles west of the Dog river.

DOG RIVER

The Dog river, which has an average width of rather less than seventy-five yards

near it.s mouth, is navigable from its headwaters to Lake Superior, though broken

by considerable stretches of rapids. It may be said to be formed by the union of

several small streams which enter Obatonga lake, an irregular, marshy sheet of water

lying some twenty-seven miles north of Lake Superior. Leaving Obatonga lake, after

a course of about one-half mile, on which there is a rapid which has to be portaged,

the river enters Knife lake. This lake, which is some three miles long, the river

leaves at its southern end, and after a course of less than a mile, enters Heart lake.

There are two portages, the most northern of which is only a lift between Knife lake

and lake George. Heart lake is a narrow sheet cf water about a mile and a half long.

From its outlet to Lake Superior the Dog river is broken by many rapids and falls.

These are short and unimportant, and do not seriously impede navigation as far as

the mouth of the stream from Ekinu lake, but south from this point their frequency

and length form a great impediment, and render the route by Ekinu lake. Mud lako

and lake Michi-Biju the preferable one to Lake Superior.

The most important tributary of the Dog river, from the west, is Iron creek

which enters the river about three miles below Heart lake, and drains Iron lake. Little

Beaver lake, Sigami lake, Nichols lake, and others. Joining the Dog river from the

east there are three principal tributaries, the Crayfish river, Paint creek and Moun-
tain river. The Crayfish river enters the Dog river between Knife and Heart Iak<i-,

and drains the important chain of lakes which includes Kabenung lake, Lac Poisson

Gris, and Muskrat lake. Paint creek flows into the Dog river, some two miles below

Heart lake. It is navigable for three miles above its mouth as far as the Frances mine,

^nd drains Paint lake, Sage lake, Skunk lake, and other lakes lying to the south of

Sage lake. The Mountain river flows into the Dog about five miles above its mouth.

It is a rapid stream, seldom used by the Indians, and drains Jimmy Kash and adjoining

lakes.

The Mountain Ash river, the Bear river, and the Little Bear river, are three

small and unimportant streams which drain the rocky interior between the Dog river

and the Dore river. The Dore river is formed by the union of a number of small

streams which rise in lakes south of Muskrat lake and from eighteen to twenty miles

north of Lake Superior. Some three miles from Lake Superior is Dore lake, an almost

round body of water about two miles from north to south. Below Dore lake a con-

tinuous succession of falls and rapids render navigation impossible. Above Dore
liike for some three or four miles the travelling on tTie river is easy and without

strious impediment. Northward, however, rapid after rapid, unrelieved by long

stretches of smooth water, make it a very difficult route to Sage lake, though it is

s :metimes followed by the Indians, and was descended by Mr. Evans late the past

autumn.

6 Pronounced by the natives "DesEcores."
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THE MAGPIE RIVER

The Magpie river rises iu Esnagaini lake, north of tlio Canadian Pacific railway,

Knd after a course of some fifty miles, it enters Michipicoten river about three-quarters

of a mile from Lake Superior. Near its mouth its usual width is from fifty to eighty

yards. Southward from the Chute which impedes navigation on the river at about

tliree and a half miles south of McKinnon's bridge, the river is broken by long and

almost continuous stretches of shallow rapids. These are not sufficiently large tt.

prevent travelling by canoe, but are often difficult to pass in low witer though almost

cbliterated in seasons of flood. During this stretch there are three falls of magnitude.

One is at the mouth of the river, and has a drop of 113 feet. The second series o'

falls have a drop of 73 feet, and break the river some two miles above its mouth, and
the third, the Steep Hill falls, with a drop of 60 feet, are about sixteen miles fro.u

the mouth. Above the Chute long stretches of smooth water, often lake-like, iri?

broken by small and easily passed rapids as fas as the Portage falls some three miles

above McKinnon's bridle. For six miles above the Portage falls the river meanders
through a sand-plain and no rapids occur. Then the smooth water is broken by over

two miles of rapids Kabetachewan or Long rapids. Xorth of Long rapids extensive

stretches of navigable water are interrupted by only short rapids and falls as far .is

the Canadian Pacific railway—a distance of about eight miles.

The Magpie river has two important tributaries from the west—Evans creek anl

Catfish creek. Evans creek drains the chain of lakes east of the Grand Portaga

between the waters of the Jfagpie and Dcg rivers. These lakes include lake Kapin-

chigama. Lund lake, lake Pasho-scoota. Godon lake and Pyrrhotite lake. Catfish

cieek rises in a number of small lakes lying south of lake Maguire, and enters the

Magpie river about ten miles above its mouth. Some three miles up its course from the

Magpie is Catfish lake, an expanse of water some two miles in length. Below Catfish

lake the river is a succession of shallow rapids, and is too much filled with driftwood

to be navigable. It has an average width of about forty feet. Above Catfish lake

for some three miles there is no serious impediment to navigation, although log jams

and short rapids break its course at intervals. Higher up the river, however, rapi 1

after rapid, all of which are shallow, render the stream a very /difficult one by which

to travel. It is occasionally used by the Indians in high water, and was descended b)-

the writer during the autumn of 1904.

It will he seen from this brief account that the rivers of Michipicoten are rapid

streams, all of which have a large average drop per mile. In general, however, tho

average descent per mile increases towards Lake Superior, and in the lower part is

often so great as to preclude navigation altogether, whereas in the upper stretches

lake expansion, or slack river water, render that part of the various streams quite

suitable for travel. The Magpie frfni Ihe Canadian Pacific railway to Lake Superior

has a descent of some .5.50 feet, and of this quite 190 feet occurs within the last two

miles and a half. Similarly the Dog river has a descent from Mc^Master lake (in which

one of its headwater streams rises) to Lake Superior of about 780 feet, and of this

175 feet occurs within the last two miles. The main branch of the Pucaswa, accordirg

to Dr. Coleman,? has a de-scent of .57.5 feet from a point some 2.5 miles up its course

to Lake Superior.

Lakes of Michipicoten

As has already been mentioned, lakes are common physical features in Michi-

picoten. They are of two types—those which occupy rock basins, the outlet of which

is dammed by rock ledses or by moraines, and those which fill holes in the drift form-

eily occupied by masses of ice, left by the retreating ice sheet. Of these two classes

the first is much the mjost important, and to it belong all the larger lakes in the

region, including the river expansions. To the second class belong the numerous

7 Eighth Eep. Bur. Mines, 1899, p. 138.
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ponds, .seklo 71 exctedin-i (inc-hiilf mile in li'iiatli, which dot tlie few level stretches in

the w(K)ded interior of the covintry.

The largest lake in the Michipicoten area west of the Magpie is Kabeniuig lake,

a sheet of water some seven miles in length, and with a maximum width of ahout twj

ir iles. It is of exceedingly irregular outline, like all the lakes in Michipicoten, anj

h divided into two parts by a narrows a few yards wide and less than one-eighth of

a mile long. The surface area of its water, owing to the numerous islands which occur

within it, is much smaller than most lakes of its dimensions. After Kabcnung lake

the lakes next in size are lake Michi-Bijvi, and Michi lake, which are joined to each

(ther by a small stream about seventy-five yards long. Michi-Biju lake is some two

and a quarter miles long by a mile and a quarter wide, while Michi lake is about a

mile and a half long by three-quarters of a mile wide. They are both beautifully

clear-watered lakes with very few islands.

Compared with the country north of the Height of Land swamps and muskegs
are comparatively rare, liut often the snialler lakes especially, and even some lakes of

Duck, ilichipicdten.

fair size, are surrounded by wide borders of marsh. Again, the lakes in the marsh
may have become quite insignificant or have disappeared altogether, and a wide area

of grass-covered meadow be all that remains of a former extensive body of water.

Most of the lakes are shallow, and there are few which exceed thirty or forty feet iu

depth. Some are so shallow, such a.s Mud lake, near lake Michi-Biju, and the Big
Marsh, near lake Maguire, that it is almost impossible to get through them by canoe,

especially when towards the close of the short season, their surface is choked with
patomogetons and pond lilies which grow in the decaying product of their own decom-
position

The water in most of the Michipicoten lakes is brownish in color, and not clear

whitish water. There are tw'o rather remarkable ponds on the trail from Dog river

to Iron lake. These arc Spring lake and Clearwater lake. They are both small, buf

ire coniDTratively dce)i depre-s-ons in the glacial drift. The upper pond. Clearwater
lake, is held in by a narrow moraine which follows its eastern border. Their water
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IG of remarkable tianspareiu-y, and is possibly lower in temperature during ttif>

summer than that of the surrounding lakes. The lower pond, Spring lake, has a

bottom composed of rounded cobbles of various sizes, coated with a whitish material,

probably in great part vegetable, which enhances the bluish-white coloring of the

water. The outlet of the two ponds is by Clear creek, which enters the Dog river

*ome four miles below the mouth of Iron creek. The lakes are supposed by the India is

to be springs, and though I could find no direct evidence in favor of this hypothesis,

the large size of the stream which drains them compared with the small size of the

entering streamlets seems to give proof to the theory.

Effects of Glacial Action

The Michipicoten region i^; fne of pronounced glaciation, showing on the whole

greater denudation than deposition. The rocky hill^ exliibit the mammillated contours

•characteristic of regions which have been invaded by the ice sheets, and everywhere

the surface of the sdid rock is grooved and striated. The glacial striae vary somewhat

in direction throughout the area. On the Lake Superior shore near the Doa; river,

the usual trend is from, S. 10° W. to S. 15° W., but towards the interior, especially

in the northeastern part, the direction is more southwestward. The wide sandplai'is

which are of frequent occurrence in Michipicoten, may represent the deposits formed

by the waters of Lake Superior when it stood at n higher level, or possibly they are

at least in part the sediments laid down by lakes formed in close contact with the

retreating continental ice sheet. Numerous boulders scattered irregularly over hill

and valley are further evidence of the work of the glaciers. Well-marked moraines

of various kinds are common, and often greatly influence the drainage. Somewhit
remarkable are the immense irregidar masses of coarse moraine stuff which occur on

the Mountain Portage botweon Pokav and Mc^Ia.stor lake, doscrihed by Dr. Robert

Cell. 8 The elevated beaches marking the former level of the water, whicli fringe tb?

present margin of Lake Superior, cften for miles into the interior and at considerable

heights above the present level of the water, have already been described by various

wi iters.? Remarkable terrace-s occur near the lake Superior sh.i". . extending from a

point three miles east of the mouth of the Dog river to a short distance west of that

stream. They can be seen to best advantage some two or tiiree miles out in the lake

They are composed of fine gravel and sand, and are distinct and clear cut in outline?

Terraces may also be observed in the lower and upper parts of the Dog river, and )n

the Pucaswa river.

As the Michipicoten district has only so recently been inhabited by white men,

it contains few evidences of white occupation. On the western side of the Magpio
there is a small settlement at Michipicoten Harbor, where the ore docks are situated,

pnd on the eastern side of the river there are the settlements of Michipicoten River,

of Wawa City, and of the Helen Mine. Formerly there were small settlements at the

Frances mine and at Iron lake, to the west of the Magpie, but these are .<it present

deserted. The line of the Algoma Central railway is at present built as far as the

Josephine mine, with a spur to the Helen mine. There is a good road from Michi-

picoten river to AVawa City, and to the railway at Wiwa station, also a road to the Grace

niine. to Anjigomi lake, and to other points near Michipicoten river, built beforo

the cessation of wtrk on the Algoma Central railway. The old tote road to Ryerson.

built at the time of the construction of the Canadian Pacific railway, was cleared

out and improved by the Lake Superior Power Company in 1900. and though now

jitactically disused, is still in pretty good repair. It has been chiefly \ised in winter,

thouffh there is no reason why it could not be nmd'" -i "ond summer route. It lie?

on the eastern side of the Magpie as far as MacKinnon's bridge, where it crosses tli^

river and follows close to the western border of the river for some twelve miles, when

8 Summary Be'port neol. Sur. C.in., 1900. p. 120.

9 Geo). Nat. HiBt. Siir. Jlinn., 20th Annual Report. Eighth Eep. of Ontario Bureau of Jfinef

1899, p. 153, etc.
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it diverges and strikes across country to Ryerson on the Canadian Pacific railway.

There are old winter tote roads from Michipicoten Harbor to the Frances mine, anj
from the Frances mine toward White River station, but these are scarcely recognizable

as highways through the country in summer. The proposed e.\tension of the Algoma
Central railway crosses the Magpie a mile or two below McKinnon's bridge and
follows south of the chain of lakes which stretches between the Magpie river and Dog
river. It crosses the latter below Heart lake and ftllows to the west of that body
of water and of Knife lake, northward.

In fact, save for a very small section of the country the sole means of travel

through the region in summer is by the long used Indian canoe routes along the rivers

or by the chains of lakes and portages; while in winter the entire area, save at the

few isolated settlements, is given over to the Ojibway hunters who still roam and hunt

throughout the district.

CANOE ROUTES
For the convenience of travellers who may in future visit the Michipicoten

country west of the Magpie river, I shall here give a brief description of the principal

r.iute.s of travel throughout the area. The route via the Magpie river from Grassett

to Lake Superior,'o the route from Wh'te River .stntion via White and Dog rivers to

Lake Superior, and the route via Rromncr river and Pucaswa river to Lake Super-

icr," have already been described, and it is unnecessary for me here to consider them
in detail.

Lake Superior to Frances Mine

The canoe route from Lake Superior to the Frances mine leaves the shore just

fehind the settlement of Michipicolon Harbor. The trail leads for some two and three

quarter miles over low hills, through a wide swamp and around several small ponds
v.hirh may or may not be utilized, depending on the state of the water, to Dore lak.?.

The Dore river is ascended for some tluee miles when a portage leaves the stream

on the right bank and stretches across the low hills near Eagle mountain for about
two miles to the stream which flows out of ^lolybdenite lake. In high water thij

stream may be used, but as a rule loads are carried through to the lake. Molybdenite
lake is an irregular body of water a little over a mile long, which the route leaves

at the north end. Nine lakes, all small, succeed Molybdenite lake. They are sepa';-

Rted by short portages varying in length from a few hundred yards to over half a
mile. From the most northern of these lakes a good trail of five miles leads to Eash
lake. Kash lake, or perhaps more correctly Jimmy Kash lake, is a crooked sheet of

water over three miles long. A small stream flows into its nrrthern end from lake
Isabella—a round pond about a quarter of a mile in every direction. From the north-
west 'orner of lake Isabella a good portage of less than a mile and a half leads to Lac
la Plonge, whence another good path a little over thre.-nuarters of a mile long runs
through the wo>j5 to the Frances mine. The route i>oin Michipicoten Harbor to tha
Frances is about twenty-seven miles long, and of this less than half the distance is

by Tinier.

Frances Mine to Dog River

There are two routes from the Frances mine to the Dog river—one by Paint creek,
which is descended from Rawlinson pond, on which the Frances is situated, to tho
Dog river, which it enters about two miles southwest of Heart lake. This route is

a good one in high water, as no portages are necessary, but in low water it is not
easy, and several short carries have to be made. The other route, and the one more
usuallv followed in going to or from White River station, leaves Paint creek about
n quarter of a mile below Rawlinson pond, and strikes northwestward by an excellent

10 Seventh Bep. Bur. Mines, 1897, pp. 184 fl n Eighth Rep. Bur. Mines. 1899, p. 136, etc.

19 m.
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portage of about one mile to the Dog river. Jn high water the portage need not

be so long, and the canoe may be put into the water at about three-quarters of n

mile from Paint creek, but when this is done a small carry has to be made in goia,;

up stream on the right bank, which is avoided by the longer portage across the river.

The portage reaches the Dog river in the big bend of the stream, a quarter of a mils'

below the first small rapid below Heart lake. In descending the Dog river without

g.oing to the Frances mine, the entrance of the portage trail to the Frances is not

passed, as the portage to avoid the rapids in the big bend leaves just across the biy

from the small rapid above mentioned, and on the opposite side of the river from the

Frances trail.

Frances Mine to Iron Lake

The route from the Frances mine to Iron lake is in part by the Dog river. Just

below the mouth of Paint creek is the small cluito in the Dog river known as the

l{ipid of the Drowned. Immediately above the first rapid below this chute and :it

rather less than half a mile below the Rapid of the Drowned, the portage trail leaves

the western bank. There are three portages, all in excellent shape, with good paths

Iron lake.

across the s.indplains through the Banksian pine barrens. The first portage is a little-

more than one-half mile long, and leads into Pitch Pine lake. The outlet from Pitch

Pine lake into Iron creek is often shallow, and a short lift is sometimes made he e

into Iron creek. Iron creek is ascended for less than a hundred yards wlien the second

portage leaves from a small swampy bay on the west side. The second portage, less

than one-half mile long, conducts the traveller into a small clear-watered pond which

is crossed, and the third portage taken. This portage is said to be the best trail in

Michipicoten district, and is so level that we took our loads across it in a wheelbarrow.

It is about three-quarters of a mile long, and leads into Iron creek rather more than

a mile below the lake of the same name.

Iron lake is a beautiful sheet of water, somewhat less than two miles long and

roughly stellate in shape, having five pronounced arms—two opening to the east and

19i, M
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three to the west. Iron creek flows out by the southeastern bay. From the north-

eastern bay a short canoe route leads by Sigami creek and Sigami lake to Nichols

lake. From the southwestern bay a route of three portages, divided by two small

ponds—Cleawatcr lake and Spring lake, may be taken to the Dog river, which it

reaches about four miles and a half below the entrance of the other route to Iron

lake, just described. This is the usual patli to Iron lake taken by voyageurs coming

up the Dog river from lake Michi-Bijvi. From the middle western bay known as

Minnesota bay, a trail leads a little south of west. For the first tw-o miles, as far as

Bole lake, the path is a good one, but beyond Bole lake it is not easy to follow, though
it is traceable with some difficiilt.v as far as the eastern branch of tlie Pucaswa river,

Iniu kike.

ibout nine miles west of Iron lake, and is said by the Indians to lead to the shore uf

Jake Superior. From the fcot of the northwestern bay a trail leads to several small
ikes, and at the point where Iron creek enters Iron lake, a short and easy route leads
ip by that creek and its expansions to Little Beaver lake.

Dog River to Lake Michi^biju

The route from Dog river to lake Michi-Biju is now seldom used. It leaves the
'og river at the mouth of the small brook entering the main river from the west
bout a mile and a half below the point where the lower route leaves the Dog river
)r the southwestern bay of Iron lake. A short distance up this brook a carry is
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made past a fall of some ninety feet, over a steep hill into Kkinu lake—a narrow sheet

( f water rather more than two miles long. From its southern end a portage a mile

long leads through a new brule to Mud lake. Mvid lake, which might more correctly

be called a marsh, so difficult is it to dig one's way through it by canoe in midsummer,
is about three-quarters of a mile long. At its soutliern end a choice of routes is opeji

to the traveller. One to the southwest leads directly by a portage of two and a quarter

wiles to Michi lake ; th« other is much more roundabout, though with shorter portages

and is by several small lakes and streams to the Goosefeather river, which is ascended

to Michi lake.

Lake Michi=biju to Lake Superior

There are two routes from lake Miihi-Biju to Lake Superior, and neither of these

is good or much used. One leaves a bay at the entrance of a small stream and leads

hy a number of small lakes connected by portages, to the Floating Heart river. This

stream, with its expansions, is descended to a little below the foot of Floating Heart

lake, where a portage leads through a gorge to Cameron lake. From the southern end

of Cameron lake the route leads back into the river, which is descended for about

one-half mile, when the portage leaves its southern bank. The trail thence is by o

number of .small lakes to Lake Superior. The other route, and the one more generally

used, leaves Michi lake by a small stream which is descended for a little more tkan

half a mile, with several short carries, to its junction with the Goosefeather river^

which is ascended for about two miles. For this distance the creek is shallow in low

water, but as a rule only one portage, and that a short one past a log jam, is necessary

in high water. From Goosefeather river a chain of eight small lakes and nine portages

leads to Lake Superior, the route entering Dog River harbtr. Only two of these

portages are long—the first and fourth from Lake Superior, the former being two and

three-quarters miles long, and the latter rather less than a mile and a quarter.

Frances Lake to Lake Kabenung

There are two routes from the Frances mine to Kabeilung lake. One is by tha

Dog river to Heart lake. From the north end of Heart lake the portage taken is not

tlLat one by lake George, but along the Dog river itself. The Crayfish ri<\'er enters

the Dog river between Knife lake and Heart lake, and this stream is ascended about

a quarter of a mile to Crayfish lake. From the foot of a long narrow bay which opens

to the east of Crayfish lake, a good portage of a little over half a mile leads into

Kabenung lake. The route enters the northwestern part of KaLenung lake, about

one mile and a half west of the narrows. In high water in going from Kabenung
lake to the Dog river, the Crayfish river, which is rather rapid, is sometimes used.

The other route from the Frances mine to Kabenung lake is taken from Paint creek

just above Rawlinson pond. Here a portage a little over a mile long leads to Paint

lake. Paint lake and Sage lake together have a length of about three miles and a

half, but there is a short stretch of river in between the two on which two unimportant

rapids occur. The eastern end of Sage lake is divided into two bays. The route from

Paint lake by several lakes and portages to the headwaters of the Dore river leaves

by the southern bay, while from a point about half way along the shore of the northern

bay a very short portage leads into Skunk lake. Skunk lake is a small clear-watered

pond a little more than half a mile long. A short portage leaves it from the western

bay at its north end. and falls into the southern part of Western Kabenung lake just

at the foot of Big island.

Lake Kabenung to Magpie River

The route usually followed from Kabenung lake to the Magpie river leaves th<|

former body of water by a small stream, known as Klmo creek, wliich fl<iws into thc[

eastern side of a bay on the southern side of Eastern Kabenung lake about a miltl
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and a half east of the Xarrows. The stream is ascended for a few hundred yards into

lake Elmo. From lake Elmo to Lac Poisson Gris the stream or its small expansions

are followed, five short portages being necessary. The route leaves Lac Poisson Gris

tbout half way along the southern'shore of the eastern bay, and a short carry is made
to Muskrat lake. Muskrat lake is a ragged sheet of water filled with islands, and

some two miles from north to south. The route does not. however, follow the main

arm ; and soon after, leaving the portage from Lac Poisson Gris, turns to the west

through a narrow channel into a round bay to the entrance of Elmo creek, where a

portage is made into lake Alabama. Lake Alabama consists of two ponds joinel

(ogether by a narrow, sluggish channel. A short portage leaves the northeastern

fart of the lake, and leads into Fishhook lake. This the route leaves near its southern

fnd by a carry into Elmo creek, here sluggish and meandering, through a wido

meadow. This is ascended for less than half a mile, with a short lift necessary iii

low water, as far as the entrance to the Grand Portage, which leaves the creek here

dwindled to very small proportions, on its southern side. From this point there is

an iilti'iiialp route to Kabenung lake from the one which I have jusE 3escribeJ wiiich

goes by Princess lake and several small beaver ponds lying north of it to Brant lake,

whence the route is past Scott's Camps to Lonely lake, and thence by a long portag3

of nearly two miles, broken by two small ponds, to the eastern end of Kabenung lake.

The Grand Portage

The Grand Portage is some three and a half miles acrtss. but this distance is

broken by three small ponds which may or may not be made use of by the traveller.

On the eastern side of the Grand Portage is the Big Marsh, a very shallow pond less

than three-quarters of a mile in length, lying in a wide grassy meadow. A portage

of less than half a mile leads from the Big Marsh into lake Maguire alon^ the shoro

cf Evans cre«k, which flows to the Magpie. Lake Maguire has a length of a little less

than a mile, and is irregular in outline. From its eastern end three routes leave, and

all lead to the Magpie. One starts from a small bay near the centre of the eastern

part and connects lake Maguire with the headwaters of Catfish creek. This route

16 very seldom used and has already been brieflj- described. The route usually followed

bj the Indians from lake Maguire leaves the eastern part in a bay to the north, close

to the outlet of the river, where a short portage is made over flat rocks into lake

Kdpin •hii.'f.ma. The general form of lake Kapinchigama is that of a cross, the mai'i

arm lying north and south. The route leaves the eastern arm on the north side,

whence a portage of a few hundred yards leads to a small round pond. From this

pond another portage leads into Lund lake. From the eastern end of Lund lake

which is three-quarters of a mile long, a short portage is made into lake Pasho-Scoota

.

From a shallow bay in the extreme eastern part of lake Pasho-Scoota an Indian

hunting route leads northeast to several good-sized lakes and ponds, and almost from

the same point another portage trail runs south for half a mile over rolling rocky

ground and through a beaver marsh to Go<lon lake. From the southern end of Godon
laki a sluggish stream is descended for less tlia,i a quarter of a mile, whence a portage

is made into the northern end of Pyrrhotite lake. Pyrrhotite lake has two bays open-

ing to the west. A small creek flows into the most northern of these bays, and from
its mouth a shorter and more direct route than the one just described leads to lake

Maguire. The first portage which leaves lake Maguire about half-way between the

entrance of the trail to Catfish creek and the outlet of the lake, runs through a

niuskeg for about half a mile into Island lake. This is a small round pond one-half mile

In every direction. From its eastern end a carry is made on the southern side of a

small creek into Clearwater lake. Clearwater lake, a little less than three-quarters

of a mile long, is left at its eastern end, whence a portage follows along the eastern

side of the creek into a small muskeg pond. From this pond the portage leads close

to the north shore of the creek for half a mile into a small expansion of the stream

close to Pyrrhotite lake. In high water no further portage is necessary, but when the
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water is low, a carry of a few steps has to be made just at the entrance into Pyrrho-

tite lake. On this route the portages are much better cut out tlian on the northern

and longer path; but it is seldom \iesd by the Indians. From Pyrrhotite lake the

route to the Magpie leaves by a short portage on the western side of a small stream

entering at the southeastern corner. This portage leads into lake Marian. Lake
Marian consists of two ponds, each about half a mile long, joined together by a

narrows, where the portage is usually made exceptin": in very high water. The route

does not go to the extreme south of lake Marian, but leaves on the east side by «

narrow sluggi.sh channel, just south of the narrows. This channel soon expands into

a round pond, from the south side of which a portage of about seventy-five yards leads

to Punk lake. From the southeastern end of Punk lake three portages, separated

by two ponds, lead to the Magpie river, the first one from Punk lake being aboiit

three-quarters of a mile long, the next one half mile, and the last into the Magpie,

a little over a mile. The route reaches the Magpie just below a high ridge of diabase,

which here traverses the river and about a mile above McKinnon's bridge.

Missanabie to Magpie River

In entering the country wtiic li we had to examine during the past season, we
came in from Missanabie station by a route seldom followed ; and although it lies on

the east side of the Magpie river, and is hence outside of the limits of this report,

still for the benefit of those who may attempt to follow it in future it may be well to

give a short account of it here. The loute leaves Dog lake, on which Missanabie

station is situated, about nine miles from the railway, from the foot of the south-

western bay, just opposite the de.serted hou.ses of the Emily mine. The fir.st portage

leads for three miles over a rough, rocky country, for the most part burnt clean,

into Jackfish lake. Jackfish lake is of extremely irregular shape, having long arms

stretching in every direction. It is about three and a half miles long, but is not fol-

lowed to its extreme eastern end. A stream is entered on the northern side about

two and a half miles from the portage to Dog lake, and is ascended for about a mile

through its various meanderings into Qu.a-ki-ge«hick lake, a small lake a little more
tTian a mile in length. The route leaves it about half way down its northern side :

by a portage of half a mile which leads into Twin Hke. Twin lake consists

in reality of two small lakes joined together by a .stream about three yards long,

where a rapid occurs and a portage is necessary. The route leave.-, the western end

of the most northern of the lakes, and a short pc rtagc is made .".cross a lake terrace into

a small pond. From the north end of this pond a short portage leads into a second

pond, from which a trail if less than half a mile leads across the hills into Goodreau

lake. This body of water is extremely crooked and ragged in shape. From a small

southwestern bay a route may be followed to the headwaters of McVeigh creek, and

from its northwestern bay the route gres to the Magpie. The portages up to- this

point are fairly good, but from this point on are almost impossible to trace. Leaving

Goihean lake, three shallow ponds, each rather le>ss than half a mile long, follow,

separated by short portages. From the third pond .1 small stream is descended for

about half a mile, and a portage taken on the northern bank at the head of a serie?
j

of falls. The portage leads over rough rocky hills, through a treeless country for half

a mile, and falls into a small grassy-bordered pond known as Paddy's lake. The nest

portage leaves just across from the last, and is made into lake Kani.shogocka, Lake

Kamshogocka is the only lake of any size on the route other than Jackfish lake. Its

shores are high and rocky, and the scenery woidd be very pretty were it not for the

absence of green timber. The lake is about one and three-quarters miles long, and

lies about north and south. The route enters by a round bay on the eastern side,

separated from the main lake by a narrows, and leaves at the north end by Cradle

creek, formed by the union of several brooks entering lake Kamshogocka. Cradle

creek, a small stream of about ten yards average width, flows into the Magpie near

the point where that river, after a course of som.e eight miles southward from (irasett
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station turns to the west. The distance from lake Kamshogooka to the Magpie river

by Cradle creek is about four miles, and tho general direction of the stream is about

north. Eight short portages are necessary between the lake and the river, none of

vhich are long. In general the route from Dog lake to the Magpie river is a poor

one, and -'s only suitable for small canoes, and even then when lightly loaded.

('anoe on .Maj;iiie river.

GENERAL CONDITIONS IN THE REGION

In general the forest on tho north shore of Lakj Superior is northern in character

and differs materially from that of southern Ontario. It is characteristically ever-

green rather than deciduous. Unlike the forest growth on the rich clay river flats

bordering tlie various streams north of the Height of Land, for the most part it i'"

not healthy and luxuriant, but growing on a rocky or light sandy soil, and exposed

to the force of almost vinceasing winds from Lake Superior, it is usual to find the trees

of a stunted, knotty character.

The Forest Resources

The principal forest trees are white spruce (piceci nWn) black spruce {picea nigra)

tamarack (kirix Americana), cedar {lliui/a occidentalis), balsam {ahim hahamea), white

bircli (hetula papyrifera), aspen poplar {popvhis lremuioide«), balsam poplai- {po-

pxdvK balsamlfera) , and Banksian jiine (iiinus hanl'siana.) Sugar maple {acer

mvcliiinim), soft maple ((ti:i>r riihniin), swamp elm {ulnnix Atiifriruna), black ash
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(fraxinus samhxicifolia), yellow birch (betula hiteu), white pine (pinus strobus). and

red pine (pinus Tcsinosu), all cccur in the Michipicoten area, but are not predominat-
ing forest trees. Probably the best red and white pine seen was on Iron lake, and
though there are small patches of these valuable trees throughout the area, it is never

in large enough quantity nor STifficiently good to be valuable as timber. Stunted red

maple may be seen on nearly all the high hills, but sugar maple is not so eoinmonly

d'stributed. Clumps of fairly large treefi occur, however, in shallow hollows between

the hills at several points on the west side of the Magpie, notably just north of Maple
lake, about a mile west of David's lakes, and near Maiden's Leap mountain on the

south shore of lake Michi-Biju.

Very little of the timber in the area will be useful for lumber, though there i<i

much that will be valuable as pulp wood. The broad sand-plain which Ixuders the

Pucaswa river near its mouth is covered with a healthy growth of spruce, birch and
poplar. There is a stretch of very good forest westward from Cameron lake north

of Lost lake to Maple lake, and also southward and southwestward from Iron lake.

The timber around Kabenung lake and across the Grand Portage is poor, thoVgh i''.

appears to improve in character southward and southeastward to the Magpie river.

The common shrubs of the area include many species of willow (salix), mountain
maple ((Uir Pcnnsyli-uiiicxim). white alder Uilnns incana), green alder (alnus riiidis),

red cherry (pruniis Pennsylvanica), choke cherry (prunus Virginiana), mountain ash

(pynts Amerirana), service berry (amelanchier Canadensis), hazel (corylus Americana),

and juniper (juniperus commvvis). Hawthorn (crnt(egus coccinea) is rare, but is

found at several points.

Like most parts of Northern Ontario, great stretches of the Michipicoten area

have been swept of their timber by forest fires which devastate parts of the country

almost every year. It is unfortunate that nothing can be done to lessen, if not stop

entirely these annual ravages, because though the timber of the Michipicoten is noi

as valuable as that of other more favored Iccalities, still much of it will be required for

local use by the various mines, which I feel confident will in the future open along the

iron ranges, even if comparatively little is fit for export. By far the largest burned

area is the immense stretch which extends south from the Canadian Pacific railway.

The northern boundary of this fire-stripped tract may be said 'to be an irregular line

extending from a point about two miles north of Iron lake on the west to a point o.'i

the Magpie river about three miles north of McKinnon's bridge. On the east, south

cf McKinnon's bridge, there are wide areas along both sides of the Magpie deprived of

their timber as far south as the mouth of Catfish creek. There are patches of brule

on Iron lake, at the southern end of Mud lake, and westward to Miron lake, ariund

the Frances mine, at the western end of Paint lake, on Heart lake, on Kabenung
lake, and at many other places. Most of these areas were apparently burnt over some

years ago, as already in many places a healthy growth of young trees has started.

Soil and Climate

Compared with the rich clay soil found north of the Height of Land, the shallow

soil on the rocky hills of Michipicoten, and the sand- or gravel-filled vallej's, are from

ii standpoint of fertility in marked contrast. In fact, very little of the land of the

Michipicoten area seems fit for general cultivation, though I believe if the timber \(ero

removed, much of it would be fit for pasturage. Many of the wide dried-up marshe-:

surrounding shrunken lakes, or occup.ving the position of former lakes, are covered

in midsummer with as plendid growth of wild grass, very suitable for cattle, and in

many of the more completely burnt areas fine grass crops may be seen growing in the

timber denuded country. There is a small patch of fertile land lying along the shores

rf a small creek entering Otter Cove; again, some good stretches occur along the

Floating Heart river near Lost lake, and at various other places, but none of these

are of any size. The summer is apparently hardly long or warm enough to grow wheat,

though oats seem to ripen and potatoes usually are a successful crop where tried.
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Tlie climate of the Michipicoten area is for the most part that of the whole of the

north shore of lake Superior. In winter the snowfall is heavy, and in summer the rain-

fall is generally great. In winter low temperatures are common (as will be seen by a

glance at the meteorological observations made at White River station), while m
summer it is very unusual for the temperature to rise much above 80° (Fahrenheit),

and in general it is much lower. The nights are always cool and are often so cold that

summer frosts occur. These, however, are rarely heavy. The winter may be said to

last from the beginning of November to the middle of April, but there is little growth

till the end of May. In general the climate is more severe than in the country north

of the Height of Land almost as far as James Bay, the winters equally long and qxiita

as cold, and the summers on the whole shorter, rainier, and not nearly so warm. The

difference may in general be said to be due to the proximity of the Michipicote,i

country to the icy waters of Lake Superior on the one hand, and tc the protection

afforded to the Hudson's Bay slope north of the Height of Land by the rocky hills

which border Lake Superior on the other hand.

Game and Fish

Game is fairly common in the Michipicoten area. Since many of the Indians

have given up hunting and have taken to living by means of whatever work they

can get near the Lake Superior shcre, game in general may be said to have rapidly

increased. Caribou and red deer are espesially common in many parts of the country,

and though few moose were seen by my party during the past summer, still, I under-

stand from the Indians that this large and splendid animal is not rare in Michipi-

coten. Bears also are common, e';petially ne;ir the Lake Superior shore, where they

find abundant agreeable food in the niimerous berries which cover the rocky hilh

towards the close of summer.

Martin, mink and foxes are uncommon according to Indian report, but I was really

surprised at the number of beaver in the region. In our frequent traverses across

country we were constantly coming upon fresh dams built by these interesting animals,

and in many places the flooded marshes and enlarged ponds caused by these dams
were observed to have decidedly influenced the physiography. This winter I am afraid

many of these beaver will go, as once the Indians know of their whereabouts, thev

cannot resist the temptation of partaking of so dainty a morsel as beaver meat. The
killing of the beaver by the Indians is particularly dangerous, as it means practically

the extermination of the animals in the particular part of the country where the

Indians hunt, since it is their custom to wipe out an entire colony of beaver and leave

none to breed.

Rabbits were very common in Michipicoten during the past summer, but muskrats
were noticed to be especially rare.

Nearly all the larger inland lakes and even many of the small ones are w-ell sup-

piled with fish, but not with trout, as most people imagine. Pickerel, pike, and
suckers are the commonest fish. Brook trout are found in the Pucaswa river, in th3

Magpie river, and in many of the small brooks iiear Lake Supericr. The mouths
of these various streams are a common resort for the Indians during the early autumn
when the larger lake trout ascend the streams. White fish are to my knowledge
not found in any of the lakes west of the Magpie, though they are plentiful
in Dog lake and other lakes west of that stream ; and are of course the principal

fish in Lake Superior. It is remarkable that Michi-Biju lake, Michi lake, and Kat'
zenbach lake contain no fish, although they are all good-sized bodies of fine clear

water. The absence of fish is said by the Indians to be due to the presence of certaii
sulphur springs, but I could find no visible evidence to support this hypothesis.

The Native Inhabitants
There are now very few Indians left in Michipicoten, and those who still remain

l.ave lost most of the fine qualities characteristic of the Ojibway Indian, to whioii
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tribe they belong. Most of them spend their summers living in small wooden housos

01 in cotton tents at White River station or at the new Roman Catholic mission,

which is situated on the Lake SupericT shore about two miles west of Michipicoten

Harbor. At one or other places they find the occasional brief employment, pleasing

to an Indian, cither in fishing at one or other of the fishing stations, or in acting as

gxiides to tourists or exploring parties. They never seek steady employment, and fir

<be most part take to the woods in October, where the winter is passed in hunting and
trapping. Caribou and rabbits are during this season their chief provision. Few of the

Indians now depend much on the furs they can trap, and tlie catch has been so small

in recent years that the Hudson's Bay Company's post at Michipicoten river was closed

last summer after having been open for the second time since 1898. In general the

Ojibnays of Michipicoten are fairly well-to-do, though unhealthy like all savages who
have come into contact with the white man's civilization. The morale of those who

Indian caiiij>, near liog ii\i-r.

live near Michipicoten Harbor is superior to those who live around White River, since

a shocking traffic in whisky goes on with the Indians at the latter place. Nearly all

ot them now speak English, and in a general way it may be said that the uselessness

of an Indian increases directly in proportion to his knowledge of English, or in faTt

any l.inguage other than his own. They have long dressed in European costume,

which on them looks essentially grotesque and hideous. The birch bark canoe and thii

birch bark wigwam, once so common and always so picturesque, are now disappearing

from Michipicoten, and the unfortunate Michipicoten Ojibway is year by year

lecoming more and more like the worst class of the white men with whom he now

has free intercourse.

The scenery of the district is generally lovely. The numerous lakes of multiform

fantastic shapes, indented by deep bays in all directions and dotted by rocky tree-

girt islands, the rugged hills seared by the atmosphere of ages, the dark spruce forest

extending to every quarter, and the short stretches of lily-filled calm on the rivers
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Iroken by longer sweeps of foaming rapids or falls, or by high-walled canyo:i£—thesa

are all beautiful and give an ever-changing, shifting scene, blit always of the same

general character. The numerous lakes and the rivers are a continual source of jof

to the voyageur throughout Michipicoten. They make travelling by canoe, and camp-

ing in the wilderness a delight. The rough rugged coast of Lake Superior, indented

by narrow fiord-like bays or varied by cliffs rising abruptly from the water's edgo

or ly long stretches of sand beach, lends a continual charm to the scenery of the north

shore.

Water Power Sites

There are a great many sites of hydraulic power on the various streams in the

area jnder discussion. Perhaps the ones most suitable for early development, owing

to their proximity tc the shore of Lake Superior, are the falls near the mouth of the

I'ucaswa river, Denison falls near the mouth of Dog river, and the two series of falls

near the mouth of the Magpie river.

During the past summer the writer and his party -were the recipients of many
Kindnesses, and we were courteously aided in our work by the various people through-

out this district, but acknowledgments are especially due to Prof. A. B. AVillmott,

Superintendent of Mines for the Lake Superior Power Company, to Mr. R. W. Seelye,

Manager of the Helen Mine, and to Mr. W. H. McDougall of White River.

GENERAL STRATIGRAPHY

The vo'ks of the Michipicoten Iron Range, like those of all the iron ranges of laka

Superior, are geologically of great antiquity. Though presenting some slight points

of difference, they closely resemble the rocks of the Vermilion Iron Range, and are

probably of practically the same age ; but it is somewhat hazardous to correlate rocks

of districts so widely separated.

The stratigraphical succession of the region in ascending order may be given hs

follows :

"

- „ . 1. Michipicoten schists, etc.
Lower Huronian „ n i

• r
2. Helen iron formation.

Unconformity.

Upper Huronian Dore formation.

Post-Huronian Acid eruptives.

Keweenawan Basic eruptives.

The Lower Huronian rocks of Michipicoten are doubtless the stratigraphical

equivalents of the Archean rocks of the Vermilion iron range, and the Upper
Huronian of Michipicoten, the analogue of the same section. In the nomenclature
of these series I have followed the usage of previous geologists in the region. Th-3

I'ost-Huronian acid eruptives are usually called Laurentian. The basic eruptives are

probably of the same age as the widespread occurrences of similar rocks within the

Nipigon or Keweenawan series. All of these points will be considered later in greater

detail.

13 Note.—Since this paper was written the Report of the In*ernational Committeo on the
classification of the T>re-Cam>irian of the Lake Superior region has been published (Journal of
Geology. Vol XTTT. No. 2, 1905). nndis rprtrodnced elsewh^^re in this volume. Whit iq heT-e called
the Lower Huronian is apparently equivalent to the Keewatin in the Committee's scheme of
olaasiflcation. On the Vermilion Iron 'Ranse of Minnesota, for example, the Keewatin is said
by the Committee to consist of (1) the Ely greenstone and (2) the Soudan iron formation,
which correspond apparently to Dr. Bell's Mirhiniroten schists and He^eri iron formit-on re-
•peotively. The TTpper Hnronlan or Dor* formation probably corresponds to the Committee'^
Lower Huronian. Dr. Bell dops no' use the term "Laurentian" which the Inte^'nntionil Com-
mittee retain at the base of their scale In eruptive contact with the Keewatin, bnt apparently
the Post-Huronian acid eruptives of Dr. Bell's paper may. at least in part, be included in
the Laurentian as defined by the Committee. T. W. G.
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Geologic History

111 lii wtr Huioiiian times wvvv deposited great tliicknesscs ol igneous rocks. These
are at times true lava flows, again intrusive slieets. and at other times tufaceous

beds or \olcanic elastics. Associated with these are true waterlaid sediments. By
the close of Lower Hiironian times folding of the strata had already commenced and
shallow synclines were formed, in which were deposited the coarse conglomerates of

the Dore formarion ; the larger pebbles and the finer material resulting from the

erosion of the high land formed by the arching of the strata between the synclinej

During this tinu' volcanic activity continued, allowinjj th.^ deposition of further ash-

like material within the Dore formation. Subse<iuent to Upper Huronian times were
|,-.reat intrusions of both acidic and basic rocks, the former taking place when the

intense folding of this strata was well advanced, and the latter occurring when tho

folding had almost or entirely ceased.

The plication of the strata has been most complex, resulting cften in closely

compressed longitudinal troughs and arches, with more open transverse folds. Thj
former are parellel to the trend of the iron ranges, the latter at right angles to it.

The transverse folding has given to the longitudinal folds a more or less sharp pitch

which, with the numerous secondary structiires developed—cleavage, jointing anil

.schistosity, produce a geologic condition most difficult to study. In a general way
the northern Michipicoteu Huronian area may be described as a synclinorium wi^.h

a general eastward pitch and bounded on the south and north by resistant granit'.c

rocks The western Michipicoten Huronian area is in part much less closely corru-

gated than the northern area, and its structure, which will be discussed later i»

coniKction with the special areas, is somewhat different.

As may be well imagined in a region of such complex structure, erosion has pro-

duced great irregularity in the distribution of the various formations, sometimes

patches of one kind of rock being separated for miles from rocks of similar lithologicil

characteristics.

THE MICHIPICOTEN SCHISTS

Dr. Coleman and Professor Willmott have divided tho Lower Huronian of East-

ern Michipicoten into four formations, named in ascending order as follows ; Gros

Cap greenstrne, Wawa tuffs, Helen iron formation, and Eleanor slates. These

stratigraphjcal subdivsions are not quite suitable for the northern and western Huron-
ian areas, and some difficulty has been experienced in separating the members of the

series and in assigning absolute positions to the divisions made. The decided baud

or ferruginous sediments which make up the Helen formation may be considered as

occupying a definite horizon. In the northern Michipicoten area this formation gener-

ally lies close below the Dore formation, but in some parts of the belt masses of

schists intervene between the Helen formation and the Dore formation. In the

western Huronian area no such close relation between the iron formation and the

conglomerate is observable. This varying position of the Helen formation with

reference to the Upper Huronian indicates either an unequal denudation of the Lower

Huronian previous to the deposition of the conglomerate, or otherwise an unequal

deposition of volcanic material after the Helen iron-bearing rocks had been laid down.

Again, tremendous fclding and faulting, followed by an '^normous and, in different

parts of the area, very unequal remove! of material, have doubtless seemed to alter

the original relations existing between the Upper Huronian and the Helen formation

giving rise to frequent misinterpretations of the true condition. In some places

especially in the northern belt, the width of the Helen formation appears to diminish

and at the same time there is a relative increase in the amount of schist overlying it,
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which, seems to siiggost that in these parts of the area towards the close of Lower
Ifuroniaru times chemical sedimentation was relatively overpowered by volcanic depos-

ition, whereas elsewhere the former still continued.

Thi< lithological equivalents of the Eleanor slates are comparatively rare in the

northern and western parts of Micliipicoten. and referred to the Helen formation

they occupy no definite position, being either below the iron-bearing rocks, above them,

or even intercalated with them. In general, however, (though sometimes in no close

lelation whatever with the iron formation), they are intimately connected with tha

Helen formation, and are merely an argillaceous phase of it. Still further, the

schistose greenstones, common in northern, though rare in western Jlichipicoten,

which may be considered as analogous to the Gros Cap greenstone, no not always

occupy the lowest part cf the series and are frequently interstratified with the various

igneous schists, which in southern Michipicoten make up the Wawa tuff formation.

Owing to this uncertain relative position of the different members of the series,

JT has been considered best for the present report to neglect the previous terminology

and to make only two divisions in the Lower Huronian—a definite division, the Helen

formation, to embrace all iron-bearing cherts or their metamorphic equivalents,

together with any other sedimentary rocks, either chemically or water deposited,

which may be intimately associated with them—and a somewhat undefined division,

the Michipicoten schists, to include all igneous rocks whether extrusiie or intrusive,

together with any sedimentary rocks, however formed, not immediately associated

with the iron-bearing recks of the Helen formatitm. These sedimentary rocks not

associated with the Helen formation would naturally be connected into a separate

fcrmation, were it not that the outcrops of the elastics are very few and bear n >

relation whatever either structurally or chemically to each other. The new classi'i-

cation is to some extent independent of any age considerations, though the schists

are generally older than the rocks of the Helen formation, and compose by far the

largest part of the Lower Huronian.

The Michipicoten schists consist of a great complex, comprised in the main of

definitely igneous rocks varying in chemical composition from decided basicity on the

one hand to pronounced acidity on the other, with which are associated rocks of

doubtful igneous origin and a very few rocks of sedimentary origin. All of these

rocks, whether sedimentary or igneous, are more or less schistose and often receive

<he name of 'green schists" from their very general green color. The definitely igneous

schists comprise the following varieties : schistose greenstone, chloritic and micaceous

schist*, schistose ciuartz-porphry, quartz porph.vry schists, felsite schists, schistose

porphyries, carbonate, schists, and finally amphibolitefi. The questionable schists are

«ither carbonate schists, chloritic schists, or amphibolites. The distinctly sedimentary

rchistfi are either schistose arkoses or phyllites.

The Schistose Greenstone

The schistose greenstone is a predominately massive rock, strikingly simulating

in the field an altered diorite or gabbro. Its origin is prabably chiefly from thjese

plutonic rocks, though it is possibly derived in a vei-y small part from true lava flows

especially when it exhibits the ellipsoidly-parfed structure analogous to that described

by Clements as occurring in the Ely greenstone of the Vermilion district. In northern
Michipicoten this last texture is very rare, and as a rule the greenstone is a soft rock

of medium to coarse grain, generally with a more or less imperfect schistose structure,

Ir texture it is frequently poikilitic but rarely porphyritic.

The principal alteration of the rock has been metasomatic, comprising chiefly th.i

phenomena of sericitation, chloritization, and carbonatization. Two or all of these

X^rocesses acting together often give the rock a mottled green appearance. In weather-
ing the rock freqently become covered with a pinkish or grayish white crust, which
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very often gives it the appearance from a distance of a granite or felsite. Often
associated with the schistose greenstone and occasionally grading imperceptibly into

it, is a fine-grained, soft, chloritic, highly schistose rock, which is apparently some-
tJmes intruded by the schistose greenstone, but much more often intercalated with
it. These much sheared rocks have been tentatively regarded as tufaceous deposits.

Their history will be enlarged upon further on.

Petrography of the Schistose Greenstone

Little can be gained by the microscopic study of the schistose greenstone. The
original minerals still remaining are plagioclase, hornblende, augite, magnetite,

ilmenite and apatite. Both the hornljlende and plagioclase are greatly altered ; the

f lagioclase so much so that no more definite mineralogical composition can be assigne.l

to it. With these primary minerals are associated the following secondary constitueuns

—chlorite, quartz, chalcedony, pyrite, zoisite, sericite, epidote, titanite (leucoxenp)

and carbonate. Chlorite in large irregular areas eating into both the feldspars and
hornblende, is the predominating mineral, though epidote in large radiating sheaves,

and zeisite in tabular aggregates have frequently replaced the hornblende and invaded
the plagioclase areas as well. Sericite and a carbonate which is sometimes ferruginous,

at judged from its freciuent alteration to linionite, often replaces plagioclase, and

quartz, as observed in one instance at least, forms an exact pseudomorph after that

mineral. Quartz and carbonate often fill secondary cracks, and these infiltrations

are not infrequently rusty from the alteration of the carbonate.

Distribution of the Greenstone

The distribution of the greenstone is extensive throughout the northern Michi-

picoten area. The shores of Sigami lake, north of Iron lake, are entirely composed

of this rock, and it forms the prominent part of the low hills stretching westward

from that body of water beyond Nichols lake and eastward to the north of Pitch Pine

lake, to the Dog river. .Again it appears prominently south of the Frances mino

towards Lac a la Plo'ige, outcrops at frequent intervals along 'the southern part ot

Paint lake and of Sage lake, and southward from Kabenung lake, towards the con-

tact with the Post-Hurcnian acid eruptives.

By intense dynamic strain the schistose greenstones are sometimes metamorphosed

tc talcose and chloritic schists, though these rocks are formed more frequently from

the finer-grained schists associated with the greenstone, which were probably origin-

ally tuffs or lava flows, or may even have been water-formed argillites. Definite

proof of the extrusive igneous origin of some of these rocks is found in the frequent

occurrence of amygdaloids. With these amygdaloids are sometimes associated rocks

which contain no amygdules, but rasemble closely the groundmass of the true amyg-
daloid or are even more highly sheared. These very schistose rocks sometimes occur

quite independent of, and at long distances from the nearest amygdaloid, but from

their lithclogical resemblance to the latter, and because of the occasional presence

vtithin them of small rounded fragments which resemble lapilli, they have generally

been regarded as altered tuffs, though they may in part be very riuch altered phyllites.

The amygdaloidal structure is remarkably well shown un the vitathered surface •)(

the true amygdaloid, and the frequent occurrence of am.vgdules in a soft groundmass

so strikinglv simulates the macroscopical appearance of the Dore conglomerate that

in several instances in the field the lava was with difficulty distinguished from the

conglomerate.

Originally the groundmass of the amygdaloids was probably a basic glass or a fine-

grained mass consisting chiefly of plagioclase and seme ferroraagnesian mineral. The
latter has now entirely disappeared, but under the microscope the former is frequently

recognizable and is seen to interlock in ophitic structure with the plates of chlorite

developed from the antecedent ferromagnesian mineral which was very probably augite.
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The laths of altered plagioclase are often entirely replaced by secondary chlorite,

chalcedony and carbonate, the latter more or less decomposd with the formation of

hydrous iron oxide.

The aniygdules contain chlorite, carbonate and quartz, sometimes consisting of

one of these minerals, sometimes of two, and often of all three—thus exhibiting aniyg-

dules of different colors, although predominately whitish or yellowish or reddish dus

to the oxidation of the carbonate. \\ hen the three minerals are present, ordinarily

the outer rim, along the edge of the amygdule, consists chiefly of chlorite with a little

carbonate, then one of quartz, at first coarse-grained but becoming saccharoidal to-

wards the centre, and finally often a central core of carbonate. At other timss

apparently the parageiiesis is reversed, and all the carbonate forms subsequent to the

(juartz.

The amygdaloidal chloritic schists outcrop immediately north of the range at

Iron lake, and in some places south of it towards Windigo mountain, again north

.'il Sigami lake and near the shore of the marsh on the portage between the Frances

mine and the Dog river. The lateral extent of the true amygdaloids is small, and the

reck often grades imperceptibly into schists which show no amygdaloidal structure.

The latter—the common chlorite schists—have a widespread distribution ijitercalated

nith the various other schi-sts throughout the region.

The schistose quartz porphyry and the quartz porphyry schist are chemically of

practically the same composition, but they are apparently of slightly different modd
of origin, tlie latter being effusive and the foni or intrusive, though probably at he

great distance beneath the surface existing at the time of intrusion. This relat'on

between the two rocks is judged from the small embaymeuts of schistose cjunrtz por

p-hyry extending into the quartz porphyry schists. It is possible, however, that the

schistose quartz porphyry may be merely a less mashed phase of the quartz porphyry

schists, though the great lii ear e.xtent of these rocks seems to preclude this liypothes.s.

The quartz porphyry schist is often intensely sheared, splitting into thin banJs

a fraction of an inch in thickness. The schistose quartz porphyrj- on the other hand
is remarkably massive, and is frequently shown topographically as tl;o summit of a

lew ridge standing above the more friable quartz pophyry schists, with which it is

apparently always connected. As it is occasionally granitoid in texture, it is some-

times with difficulty distingui>shed from the fine-grained porphyritic granites of thi

^ame age as the immense granite intrusions which succeeded the deposition of thrf

I'pper Huronian rocks.

Microscopically the quartz porphyry schist is a nearly gray greenish or pinkish

rock containing numerous blebs of clear glassy quartz. The schist sometimes show-,

slight variations in color and texture, indicating successive flows resembling bedding
planes. These planes are usually in accordance with its highly developed schistosity

Beneath the microscope its decomposed groundmass is seen to be compcsscd chieSy
of the following minerals : orthoclase, plagioclase, sericite, quartz and chlorite. In
the more altered varie'ics the orthoclase and plagioclase are entirely changed to

sericite, but in others the alteration has not proceeded so far. The plagioclase is a

somewhat acid oligoclase, but occasionally it is basic as aiidesine. In the metasomat'j
replacement of the feldspars, chalcedony and carbonate have always developed in

connection with sericite. Where not decomposed, the groundmass shows a distinct

felsitic texture. There is a marked tendency for the alteration products to arrange

themselves in parallel lines along the planes of foliation. The phenocrysts are of three

kinds: quartz, plagioclase and orthoclase. Rocks in which quartz is the chief pheno-

"'yst are the most common. The phenocrysts are for the most part relatively large.

'nd those which are of feldspar have not undergone as great alteration as the ground-
nass. The qrartz is usually rcunded, but sometimes shows the faint outline of the

Icuble pyramid. Orthoclase appears in large Carlsbad twins, and plagioclase, which
anges in acidity from acid oligoclase to andesine, shows twinning both after the

'.Ibite and pericline laws. Both quartzes and feldspars have been granulated, and the
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latter are often surrounded by a halo of secondary minerals—quartz, sericite, carbonate

and hydrous iron oxide. Occasional large plates of chlorite may represent original

phenocrysts of biotite bleached of their iron constituent.

The schistose felsites and the felsitic schists are the less silicious equivalents jf

the schistose quartz porphyries and the quartz porphyry schists, into which the former

imperceptibly grade by the addition of more quartz in the groundmass and the develop-

ment of phenocrj'sts of the same mineral. Owing to the extensive sericitation which

loth the quartz porphyry schists and the felsite schists- have undergone, they might

be more correctly classed together as sericite schists. Chemical changes have consid-

erably altered the quartz-porphyry and felsite schists, resulting at many points iii

their being greatly silicified. Again, secondary carbonates have been extensively

formed. From the oxidation of these rocks result the rusty silicified schists common
in many parts of the district. It is possible that much of this carbonate and silica

was original and was deposited between flows as small lenses of chemical sediment in-

tfTstratilied with the more extensive igneous material. The sericite schist of both

the quartz-porphyry and the felsite fades are among the commonest rocks of the

Lower Huronian in northern Michipicoten, and are frequently found immediately

underlying the Helen formation and occasionally overlying it. They are not so

commonly distributed in western Michipicoten, but occur prominently just west of

Fall creek and elsewhere. When they have undergone silicification and carbonatiz^-

tion, they are sometimes almost indistinguishable from some of the cherty carbonates

of the Helen formation.

Other Types of Schist

Closely resembling from a textural standpoint the quartz-porphyry schists an3

felsite schists, are the various porphyritic schists, which represent the effusive

equivalents of plutonic rocks varying in acidity from basic syenites or acid dioritris

f'l gabbros. A sj'enite porphyrite schist is quite commonly connected with rocks of the

Helen formation in western Michipicoten, especially north of Brown lake. The hand
specimen shows a highly schistose dark gray rock, resembling a chlorite schist aud_

specked with small pinkish blebs of feldspar. Beneath the microscope the large pheno-'

ciysts stand in marked contrast to the fine-grained groundmass. The phenocrysts consist

chiefly of orthoclase and of plagioclase, which does not exceed the basicity of andesin?.

Both orthoclase and plagioclase are decomposed, much strained, and sometimes cracked

and faulted. The groundmass, which is entirely altered, consi.sts of a mass of chlorite,

sericite, quartz, calcite, epidote, ziosite, and hydrous iron oxide.

The diorite-porphyrite schist which also occurs in the western Michipicoten

Ilurcmian, commonly contains phenocrysts of hornblende, of plag'oclase, and a very

few of biotite, the groundmass consisting of altered feldspars, quartz, chlorite, calcine

and pyrite.

The various carbonate schists, calcareous, dolomitic, or sideritic, represent the

extreme phase of the carbonization of the other green schists, more particularly the

less massive phase of the schistose greenstone, which they closely resemble in physical

appearance, and from which they differ chemically in the increase in the quantity

of carbonate and, to a less extent, of silica.

The rock in the field is often hardly distingui.shable from a much altered diorito

or gabbro, but the more completely metamorphosed specimens are really impure lim.v

stones, dolomites, and siderites. For instance, at the extreme eastern end of Kabenun;?

lake there is a rock of undoubted igneous origin, now almost completely composed of

calcium carbonate, with small amounts of muscovite, zoisite, chalcedony and a very few

much altered plagioclases. showing twinned striation. Again part of the coarse-

grained schist on the Angel's Night Cap at Iron lake is composed principally of car-

bonate with light green chlorite, quartz, and some altered plagioclase. The quartz

often forms exact pseudomorphs after plagioclase, while the carbonate replaces both
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plagioclase and the original foriomagnesian mineral, of which chlorite is the bleachel

f-uccessor. Carbonate is also independently deposited in cracks. Chlorite is sometimos

apparently a metasomatic product of plagioclase.

A sideritic schist ocurs on the ijortage from Pyrrhotite lake to Godon lake, wh.':!h

contains so much iron carbonate that by its oxidation it has given rise to small pockets

of impure iron ore, of no economic importance. These deposits of siderite in man,v

Ciises doubtless have resulted from tho infiltration of material leached from overlying

or adjoining rocks and deposited in the interstices of the schistose greenstones or other

B(hists, but it is also due in part to the direct alteration of some of the original

minerals, probably chiefly the ferromagnesian minerals—hornblende or augite.

The phenomena of chloritization, silicification, carbonatization and kaolinization,

of hornblende or augite, may be theoretically expressed as follows

:

.5 i (Ca, Mg, Fe) 0^{A1, FeU 0.,—4SiO„ } 12 H.,0+15CO„=5CaCO.,T-5 Fe..0s-i-5 FeC03+
-SMeCO:, !-4 H.,0, .5 M<rO, A1.,0„ .SSi 0.,^4(2H.,0, .\U\. 2 SiO.,1 - 9 SiO.,,

'

or the carbonization, silicification and kaolinization of plagioclase (acid labradorits).

2 (Ca, AL^SlA^NaAl Si-AW 3CO.,4 6 H..O=2CaCO,+.'?(2H..O, Al.j 0.„ 2Si02)4-Xa„C03+
•fSiO.,

Metamorphosed Schists

Bes'des the peculiar forms alread,v '.'escribed, due to regional metamorphism. theve

are a number of other interesting rocks produced both bv cont.ici and dvnamic
metamorphism, more especially the former. Only a very few of these can be discussed

in the limited compass of this report. They are apparently of three principal kinds—
the epidote schist type, the hornblende schist type, and the biotite schist type. The
epidote schist facies shows a rock in which the original mineral constituents, basiC

plagioclase, and amphibole or pyroxene have been metamorphosed to a mass of epidoto,

zcisite, quartz, chalcedony, chlorite and often magnetite, but showing sometimes frag-

ments of original feldspars or ferromagnesian minerals. Tliis rock is especially common
along the contact of the schist with the large masses of Post-Huronian acid eruptives,

especially where narrow sheets of the acid intrusive are intercalated with thin beds
of schists. The phenomenon was seen to best advantage in the fire-swept stretch of

country just north of lake Charlotte. The epidote schist type is apparently formed
from the finer-grained chloritic schists.

Often appearing close to the contact of the post-Hurouian eruptives, and even
included as small area-s within them are rocks of the hornblende schist type. They
were also noticed in several places as the product cf dynamic metamorphism, or what
is apparently so. Beneath the microscope the rock appears entirely re-crystallized,

and consists usually of hornblende, epidote, magnetite, quartz, and sometimes plagio-
c'ase (labradorite?) with calcite, biotite and chlorite. The light and dark minerals
aie associated in more or less parallel bands. This rock may be found on the shor«>s

t-f Brant lake, south of the Grand Portage, as narrow bands of included schists in

granites, etc. ; west of Richardson's Harbor towards Otter Head, in connecticn with
the magnetite schists of McDougall's lake; and elsewhere. The hornblende schist type
represents apparently the extreme phase of metamorphism of the chlorite schists.

There are phases which are transitional between the chlorite schists proper and the
purely hornblende s?hists. Sometimes the percentage of magnetite increases so much
that they pass into magnetite schists. Narrow lenses of a magnetite hornblende
chlorite schist (very rich in magnetite) occur on the north side of the Pucaswa river
about two miles above its mouth, and these probably represent enriched narrow zones
formed by differentiation by compression of some basic igneous rock like gabbro.
They possibly resemble on a very small scale the immense lenses of magnetite in hora-

20 m.
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blende and chlorite schists at Sydvaranger in Norway, described by G. Henriksen.'J

The biotite schist type ie much less common than either of the other two, but is

seen typically to form low overhanging clififs, rising ten to twenty feet above the waters

of lake Kapimchigama, in the long northern bay, and I observed it at several other

jjoints. Jlegascopically in some wajs this rock resembles the carbonate schists. It

usually consists mainly of biotito, with lesser amounts of carbonate (calcite), magnetite,

niuscovite, talc, chlorite, residuary green hornblende, and altered feldspar. Origin-

ally the rock was probably a schistose greenstone or allied rock, composed mainly of

amphibole (very possibly a paramorph after pyroxene), a little l.osic plagioclase, and

more or less magnetite. However, the biotite, with intergrowths of niuscovite, calcite,

and chlorite, has almost entirely replaced the original material, though magnetite

occurs everywhere quite unaltered as inclusions in all the secondary minerals.

The highly banded gneis.scs which occur within the granites of Otter Head and

elsewhere, often in large areas, are supposed to represent extremely metamorphosed

quartz-porphyries or felsite schists, or their deep-seated equivalents. This point,

however, will be discussed later in connection with the post-Huronian acid eruptives.

A peculiar black schist wa.s found on the east branch of the Pucaswa river nori;h

of David's lakes, and on the portage between Pyrrhotite lake and lake Marian, in

connection with the carbonate schist already mentioned. The hand specimen show9

a heavy black schistose or even slaty rock. Beneath the microscope the minerals

chieSy showing are pyrite, more or less altered and in great irregular clumps, aid

much less quartz and chlorite. Sometimes the pyrite is in large crystalline areas

unl)ioI;en by chlorite or quartz, ag.iin it is in small specks more or less segregated

within streaks of chlorite and quartz.

It has been mentioned that silificati ui is a common metasomatic change in tha

alteration of the quartz-porphyry schists. It was observed that this change was

especially common where the rocks were in eruptive contact with large masses of in-

truded granite, and occasionally difficulty was experienced in ascertaining which was

the intrusive and which the intruded.

The various pseudo-conglomerates which occur so widely in northern Michipicoteil

are sometimes almost indistinguishable from a waterlaid rock. One of these, th"?

chlorite amygdaloidal schists, has already been described, bdt several others may bo

mentioned. Near the shore of Syenite lake occurs an amphibolite, an altered schistose

greenstone, throughout which at one particular point rounded fragments very much
resembling pebbles, are common. They are, however, all exactly the same, consistij^

of a mass of epidote, zoisite, chlorite and magnetite, and probably represent the cor-

roded remains of fragments of original schist, into which the irruptive rock was

intruded. Another example is the autoclastic rock seen west of Eccles lake (on the

cast side of the Magpie), and east of Godon lake. Here interbanded, softer and hardei*

layers of felsite and quartz porphyry were first breceiated and then the harder

fragments rounded by shearing.

Real Sedimentary Rocks

It has been mentioned that the distinctly sedimentary rocks within the Michipi-

coten schists consist of schistose arkoses and of phyllites. Schistose arkose has been

found to my knowledge in the northern and western Michipicoten areas at only one

point, on a small island near the eastern end • f Reed lake, as narrow bands in connec-

tion with phyllites. The arkose macroscopically is a grayish schistose rock, looking

not unlike an altered felsite, with which it may probably be sometimes confused in the

field. MicroscopicalUy it is seen to consist of a somewhat fine-grained matrix of small

lounded quartzes, muscovite and chlorite in small flakes, and crystalline calcite, in

which are embedded the various larger fragments of quartz and both orthiK l-.^e and

plagioclase feldspars. The feldspars, which are much altered to sericite and other

secondary products, are more common than quartz.

13 "On the Iron Ore DepositB of Sydvaranger, FinamaoteD, Norway," by G. Henrikeen.

20 ». M
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Highly schistose chlorite schists, which are definitely known to be sedimentary

phyllites within the Michipicoten schists and with no connection with the Helen

formation, are very rare. The recks of this type, however, which outcrop in Dog
River harbor, are distinctly sedimentary and have apparently no connection with tho

Helen formation, the nearest outcrop of which is two miles to the west. Similar

phyllites appear on the islands at the east of Reed lake. These phyllites of Dog River

harbor and of Reed lake resfinble phyllites occurrinir with the iron formation at Iron

lake, and even more .so those which birder the Dnru conglomerate on the south side

on the Magpie river, south of McKinnon's bridge. It is impossible from mere litho-

logical reasons to connect these phyllites, without any definite stratigraphical connec-

tion, with either the Hek'n or Dore ff)rmations. and they aie merely considered with

the arkose above descrilied as being se-limeiit aiy lenses within the much more extensive

Igneous material, though they may more correctly be isolated outcrops belonging with

the argillaceous rock of the Helen formation or Dore formation.

The outcrt p on Dog river is intercsling, and I shall describe it somewhat in detail.

There are two bands of phyllite. The most eastern band strikes about X. SO'' W.,

and has a very slight inclination from the vertical. It consists of black phyllite inter-

handed witTi light grayish phyllite. Iioth more or less rusty, due to the oxidation of

pyritc. The otitcrop is twenty feet wide. A gravel beach borders the rock on the

tast side, but nt .seventy-five feet in that direction an almost massive greenstone

schist appears. On the west side of the phyllite lie seventeen feet of light greenish

schistose agglomerate, beneath which is a schistose greenstone for twenty-four feet, then

seven feet of rusty chloritic schi.st (which may be sedimentary), and then the second

band of phyllite five feet wide and closely resembling the first band in general appear-

ance, but which strikes N. 40^ \V. and dips northeastward at o2*. Beneath the second

phyllite band lie chloritic .schists, which appear as if of igneous origin.

In the microscopic cross-section the sedimentary origin of the phyllite is ascer-

tained by the presence of rounded quartzes and of frayed fragmental chlorites or

micas. The light gray phyllites seem to owe their color to the presence of considerable

sericite, whereas the dark coloring of the blackish phyllites is due to the presence of

carbonaceous matter.

The band of phyllites which appears on Dog River harbor outcrops at severa'

points along the portage trail from the harbor to the first lake on the route to lake

Michi-Biju.

THE HELEN FORMATION
As already mentioned, the Helen iron formation (in ncrthern Michipicoten at

least) occupies a position generally close to the overlying Dore conglomerate, but

sonu'timos great masses of green schist intervene between it and the Dore formation.

The relations exi.'ting between these overlyini green schists and the Helen formation

will be seen when the special districts of Morse mountain and the Katossin claim are

described later.

The Helen formation consists of a series of allied and related rocks named in

crder of their importance in the region as follows: banded chert, massive granular

chert, sideritic chert, pyritous chert, baneled jasper, rusty quartzite, griineritic and
t*^her amphibolitic schists, cherty siderite, and iron ores—hematite, magnetite, pyrites

and even pyrrohotite. Between these rocks there is every phase of gradation. Besides

these ferruginous rrcks the formation includes a number of argillaceous rocks,

phyllites, and biotitic and epidotic schists

—

all undoubtedly sedimentary which ar.>

found not only interstratified with lh? ferruginous rocks but also both above and
below them, although always in intimate connection with them. These argillaceous

rocks, as already mentioned, cannot be connected with the phti'llites at Dog River

harbor and at Reed lake, because there is apparently no stratigraphical connecti'>u

between the phyllites of the Helen formation and the others.
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Intercalated with the Iron formation at Iron lake are carbonate schists which

were at first supposed to be contemporaneous with the iron formation, but which are

in reality sheets of basic igneous rocks, injected parallel to the bedding of the sedi-

ments, and apophyses from the wide dikes cf post-Huroiiian basic eruptives which

cut the formation, and since their injection much altered by metasomatic changes.

They will be discussed in connection with the rocks of which they are a part—the

post-Huronian basic eruptives, and are mentioned here, merely because of the deter-

iorating influence which they exercise on the economic value of the iron formation

at certain i)oints.

The lron=bearing Cherts

The banded chert is composed in its typical form of alternating narrow layers

of whitish opalescent chert and silicious hematite or magnetite. In the northern

Michipicoten iron range this form is rarely seen, though very common in western

Michipicoten. The opalescent chert is usually quartzitic or granulated, and the

silicious hematites are impoverished purplish jaspers, with which there is always

associated some pyrite, though most of it may replaced by pseudomorphs of liinonite.

Ueneath the microscope the whitish chert bands appear as a homogenous, interlocking,

fine grained mosaic of quartz, while the purplish layers consist of much stained

quartzes thickly mixed with specks and small areas of hematite, hydrous iron oxide

and more or less oxidized carbonate or pyrites.

The banded cherts are often lirecciated, and the fragments re-cemented by secondary

quartz. In this autoclastic rock the original ferruginous bands appear as angular

reddish areas in a matrix of whitish quartz.

The sideritic chert consists essentially of two minerals—quartz and siderite, with

which are almost always associated chlorite, sericite, pyrite, oxidation products of

pyrite and carbonate, and sometimes microcline and other feldspars. Examined mic-

roscopically, some of the quartz is seen to be clastic, but most of it is chemically

precipitated, often in the form of chalcedony. Both microcline and chlorite, ths

fcrmer in rounded grains and the latter in plates with frayed edges, are fragniental,

;ind their areas have been greatly reduced by the invading carbonate. Pyrite i5

f'equently an inclusion in both the chlorite and carbonate, and it occasionally developM

ill secondary veinlets in association with chlorite, carbonate and quartz. Some of the

sideritic cherts contain so much chlorite that they pass into cherty sideritic phyllites,

of so much microcline that they become sideritic arkoses.

The massive grayish, pinkish or whitish chert, when quite pure and undecomposed,

is holocrystalline and beneath the microscope is seen to consist of an interlocking

mosaic cf quartz. This is the 'sandstone chert" of the Michipicoten prospector. It

is often markedly rusty, due to the oxidation of iron carbonate, and less frequently

I'on pyrites, both of which are nearly always present. With an increase of one nr

ether of these minerals, the rock passes into a sideritic chert or pyritous chert.

Occasionally the chert is almost black in color, amorphous, and with its constituent

minerals entirely unseparated into bands. This phase, when viewed microscopically,

is seen to be composed of a fine mosaic of quartz, often chalcedonic, with a great deal

of chlorite in small flakes, and with considerable magnetite or pyrite, or both, as tiny

inclusions in the chert or as autoraorphic grains or aggregates. By arrangement in

bands and decrease in the quantity of pyrite this grades into the normal banded chert.

Allied to the granular chert and often almost indistinguishable from it in the field,

n a coarse-grained rusty quartzite. This rock beneath the microscope shows tremei-

dous shearing The quartz individuals are drawn out in long ribbons, with a general

parallel alignment of the main axes of the grains, but with sweeping curved boun-

daries. The "ribbons" are surrounded by a mosaic of granulated quartz and are

crossed by tiny sutures filled with similar material. The whole has been re-cemented

by secondary quartz.
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True banded jasper or ''jaspylyte," is comparatively rare in the Michipicoten

district. It occurs north of Iron lake, on the Katossin claim, on the shore of lako

Superior three and a half miles west of the mouth of the Pucaswa, and east of the

Magpie, and is hence worthy of mention. It consists of interbanded layers of crimson

jasper with either bluish specular hematite or magnetite, or both mixed.

Metamorphosed Ferruginous Cherts

Sometimes the ferruginous clierts arc so intensely altered by either contact oi

dynamic metamorphism that various arnphibolitic schists result. These are of three

kinds—the griinerite facies, the actinolite facies, and the hornblende facies, depending

on the character of the original rock from which the metamorphic rock was derived.

Every phase of alteration can be traced from a cherty rock in which the small and

few blades of griinerite, actinolite, or hornblende are only distinguishable under the

microscope, to those which resemble an amphibole schist formed by the alteration of

an igneous rock. The alterations are due almost always to contact metamorphism,

although instances resulting from what is apparently dynamic metamorphism are not

unknown.

The griinerite type shows remarkably even separation into bands, light grayish

green and black in color. The light colored bands are composed of a radiating inter-

iccking belt of long lath-shaped griinerite crystals, containing a very little magnetite

end a few residuary quartzes—the remnants left by the invasion of the grains of

g^riinerite. The dark bands consist chiefly of magnetite, with lesser amounts of

griinerite and quartz. The magnetite is gaining at the expense of quartz.

The actinolite schist type exhibits macroscopically a light grayish-green rock, often

stained with iron rust, generally very highly foliated, and sometimes soft and friabl.^.

The thin section shows a mat of fine actinolite needles, almost entirely replacing u

quartz mosaic, which is but faintly visible, and holding in their interstices, and some-

times as inclusions, automorphic grains and small aggregates of magnetite. Griinerite

at times probably replaces actinolite and the rock then grades into a griinerite schUt.

The hornblende .'^chist derived from the nictaniorphism of a ferruginous sediment

resembles remarkably that derived from the metamorphism of a schistose greenstone

or chloritic schist, though as a rule the banding is more uniform and the percenta,i3

pf quartz greater in the sedimentary rock. Beneath the microscope the hornblende

schist is seen to contain the following minerals, quartz, with chalcedonic silica, horn-

b'ende, epidote, biotite, chlorite, carbonate, magnetite, and rarely apatite, arrange!
In parallel bands of dark grayish green and black. The grayish green bands consist

chiefly of quartz, chalcedony and hornblende the latter gaining at the expense of

quartz. Chalcedony, when present, advances almost as steadily as hornblende.

Epidote and hornblende with magnetite make up the darker bands. The epidote and
hornblende are intergrown in apparently contemporaneous growth, appearing in long

attenuated sheaves, with their long axes parallel to the planes of schistosity. The mag-
netite is contained as inclusions within both epidote and hornblende, and as independent
crystals and aggregates between their interstices. No quartz save that which is found
as inclusions in the ferromagnesian minerals, is found in the darker bands. A little

residuary carbonate and chlorite, still left unaltered from the original rock, are

generally present, and these may be in very considerable quantity, Biotite and apa-
tite are comparatively uncommon inclusions. Sometimes there is no magnetite in th-?

rock, but a great deal of both epidote and hornblende and some apatite. In this case the
rock has evidently resulted from the alteration of a cherty carbonate rich in lime and
raagnesia and poor in iron oxides; and probably containing much chlorite.

As may be judged from the products of alteration of the cherty iron carbonate,
few of them are pure chertv siderites. Anal.vses were made of several specimens. One
sample from McDougall's promontory on Iron lake gave the following result

:
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Per cent.

FeCoa 37.01

MgCOj 7.95
SiU.. 52.36
HjO, etc 2 .

-

vhile other analyses showed lime.

Petrography of the Phyllites

The argillaceous rocks associated with the ferruginous rocks of the Helen form-

etion are phyllites, and rocks derived by nietamorphism from phyllites. The rocks of

this character, which liave been dehnitely ascertained to be of clastic origin are rare

in Michipicoten, though there are a great many doubtful rocks which are now
tentatively classed with the Michipicoten schists, and which may really belong with

the phyllites. The few occurrences of definitely ascertained phyllites are so widely

separated that it would be impossible to classify them as one bed.

Generally the only methods of determining the origin of the phyllites are by their

very even banding, by their often pronounced slaty cleavage, and by their direst

association with iron-bearing rocks undoubtedlj- sedimentarj*. but occasionally the

origin is also discoverable microscopically by the presence of decided rounded grains

of clastic quartz, or by frayed fragmental biotites or chlorites.

The phyllites are both light-colored and dark-colored. The light- colored phyllite,

a very cleavable rock, consists essentially of chlorite and sericite with generally a litt'e

quartz. A light-colored tourmaline is occasionally abundant, and there is always

probably a little carbonate.

The dai'k-colored phyllites owe their color to the presence of a large amount of

what is apparently carbonaceous material. The.v are very evenly and often crenately

banded in very thin layers of lighter and darker material. The darker material con-

sists of chlorite, biotite, hematite, carbonaceous matter, and a little chalcedonic

silica. The biotite and chlorite are arranged with their long axes parallel to th(.

foliation of the rock. The whitish bands are composed of chalcedony, some clastic

quartz, light greenish chlorite, and a little hematite. The clastic quartzes are drawn

into long narrow lenses wedged in between foils of biotite and chlorite.

By their further metamorphism, owing to the intrusion' of igneous rocks, the

phyllites alter to epidotic and micaceous schists. The epidotic schists are megascop-

ically rusty weathering fine-grained rocks, often showing banding but very slightly

cieavable. Beneath the microscope the banded varieties show layers of epidote,

chlorite, zoisite, quartz, chalcedony, and a little hematite and magnetite, intercalated

with iiyers consisting chiefl.y of magnetite with a little chlorite and chalcedony. The

minerals are nearly all secondary, and only some of the chlorite and a few of the

larger quartzes, which are drawn out in lensoid shape parallel to the schistosity, are

clastic and original. Sometimes the epidote is entirely replaced by zoisite, with which
are associated garnet, muscovite, pyrite and chalcedony, and there is sometimes a

little original or secondary carbonate.

The micaceous schists show the development of biotite and muscovite in bands,

separated by layers composed chiefly of quartz, often chalcedonic.

The degree of alteration of the phyllites varies with their position with reference

to the dike or boss which caused their metamorphism, the change being greatest im-

mediately adjoining the eruptive rock, and gradually diminishing away from the

contact to the sediment changed only by the general regional metamorphism.

Structure of the Helen Formation

As most of the rocks of the Helen iron formation are of a hard resistant nature,

they become fractured, brecciated and jointed rather than cleaved, though the phyllites

and their metamorphic products, as well as the altered rocks resulting from the fer-

ruginous sediments, often are decidedly scHistose. Pronounced faults in the ir.'n

formation may be seen in several parts of the north and west Michipicoten ranges.
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Among these may be mentioned one on the property formerly owned by tEe Minnesota

Iron Company, west of Iron lake, two on the prolongation of the Leach lake bands

r.crth of the Grand Portage, and one on the portage from Floating Heart river tj

Cameron lake ; doubtless also there are besides these larger and more apparent faults,

innumerable instances of minor faulting or shifts of accommodation which are not

so easily seen.

Genesis of the Helen Iron^bearing Rocks

The Helen formation is chiefly a chemical sediment, but it is also in part mechan-

ical, as seen by the beds of cherty quartzites, cherty arkoses, and other decidedly

clastic rocks which are associated with it.

It has been mentioned that igneous schists rich in iron-bearing silicates (augite,

hornblende, etc.) are common in the Lower Huronian. From these igneous schists

may have been derived the ferruginous, magnesic and calcic material of the ferruginous

sediments. The ferruginous material, leached from the igneous rocks was probably

dissolved in the sea water either as carbonate or as sulphate. Owing to the probable

excess of carbon dioxide over any other acid present in the dissolving water, it woufd

seem reasonable to suppose that ferrous carbonate was the principal salt in solution.

If the water were not shallow, and the ferrous carbonate in solution were not close to

the surface of tlie water, it might sink and bo deposited simply owing to excess in

solution. Similarly the ferrous sulphate might also be deposited. Contemporaneously

with the deposition of the ferrous carbonate, calcium and magnesium carhonates would

be formed and deposited in greater or less amount. At the same time that these

reactions were proceeding, chert was being formed from a sea water rich in silica (due

to the disintegration of the silicates), and more or less mechanical material derived

from the decay of the surroundng rocks was laid down with the more extensive chem-

ical deposit. Within tlie oxidizing influence of the atmosphere near the surface, some
ot the carbonate may have been oxidized, and unless again carbonaCized by tha

abundant carbon dioxide probably present in the water lower down, would sink to

the bottom as hydrous ferric oxide. The ferrous sulphate in contact with the oxidizing

influence of the atmosphere would similarly be oxidized to basic ferric sulphate. The
phyllites of the Helen formation contain a great deal of carbonaceous material. It

the ferric oxide and ferric sulphate were deposited within the influence of this material,

then probably the ferric oxide would be reduced to ferrous oxide and unite with tliH

carbon dioxide simultaneously formed, and ferrous carbonate would result, while the

euiphate would be reduced to sulphide by the organic material. This may account for

the abundant iron pyrites deposited with the various cherts of the iron formation.

Professor Van Hise considers that the carbonate and sulphate, transported to the

water, were oxidized and sank to the bottom in this condition as ferric oxide and
basic ferric sulphate. They there came in contact with carbonaceous matter, and
carbonates and sulphides resulted, as above outlined. This may be the correct hypo-

thesis, but it seems remarkable that extensive oxidation should have proceeded ia

water sufficiently rich in carbon dioxide to dissolve the carbonates, especially at depths
away from sub-aerial influence, where the water may also have been saturated withJ

ferrous carbonate. Furthermore, it seems hardly reasonable to imagine that oxidation

of the carbonate in the solution, and the alteration of the oxide back to carbonate,

could take place close together.

The preponderance of ferrous carbonate over calcic and magnesic carbonate iu

the cherty carbonates of the Helen formation may be explained by the importance
pction exerted by these salts on ferrous sulphate. This action depends on the greater
effinity which magnesia and lime possess for sulphuric acid than for carbonic acid,

and on the instability of ferrous sulphate. These reactions may be thus expressed

FeS( )4+CaCO ,=CaS04^ FeCO.,
FeS04+MgC63=MgS0j+FeC6,

Calcic carbonate has a stronger aflSnity for sulphuric acid than magnesic carbon-
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f.te, and in this way may be found an explanation for the excess of magnesic carbonate

over calcic carbonate in the carbonates of the Helen formation ; and it is possible that

the following reaction may have occurred

:

MgS04+CaC03=MgC03+CaSOj

The explanation of the non-appearance of CaSO, (gypsum or anhydrite) is the much
greater solubility of this salt than any of the carbonates.

It has been mentioned that the iron-bearing rocks of the Helen formation are

iu part of mechanical origin. The definitely clastic material consists of the three

minerals, quartz, chlorite, and microcline, and there are probably other minerals

represented. The grains of the several minerals are all small and, as no pebbles exist,

it is presumed that there is no pronounced unconformity between the Helen formation

and the rocks beneath it ; but there must have been at least a slight break to permit

the corrasion of the pre-existing rocks. Quartz is a common mineral in the quart.',-

porphyry schists of the Lower Huronian, and from these may have been derived the

supply r.f that mineral in the Helen formation. Similarly, hornblende, augite and

biotite occur in the earlier rocks. From these the chlorite may be a product of decom-

position. The occurrence of microcline is not so easily explained. ilicrocliue, so far

as known, is not now recognizable in either the felsitic schists of the quartz-porphyry

schists — the only acid rocks of the Helen formation in which it might be expected

to occur. It is quite possible that all the microcline may have disappeared in thfl

sericitization of these schists, though this seems rather a contradictory suggestion t«

make of compact igneous material when it has withstood alteration fairly well as

clastic material probably as fully exposed to surface and deep-seated metamorphism.

Microcline is couinion in the post-Huronian acid eruptives, but they are of course

later than the Helen formation. However, the occurrence of abundant microcline

may indicate the presence of acid rocks in or below the Lower Huronian other than

the quartz porphyry and felsite schists. The post-Huronian acid eruptives may be

the re-fused equivalents of these earlier acid rocks.

Pure quartzites,. that is, rocks consisting chiefly of quartz fragments, are very

rpre in Michipicoten, and with the clastic material there is always more or less

material of chemical precipitation, and we have cherty quarf;zites, sideritic quartzites.

etc. Similarly rocks consisting chiefly of microcline or other feldspars are never

found in definite connection with the Helen formation, and though those which cor-

tain a great deal of microcline are spoken of as sideritic or cherty arkoses, it woulJ

perhaps be more correct to call them felspathic siderites or cherts. As already men-

tioned in connection with the sedimentary rocks of the Michipicoten schists, true

arkoses are found on Reed lake, but there is no reason to suppose that these are of

the Helen formation.

Most of the chert formed would be deposited free, forming sometimes beds of pure

chert ; again when mixed with carbonate, cherty carbonate ; and when with pyrites,

pyritous chert. From a subsequent alteration of these have resulted the other rocks

rf the iron range. It is possible that part of the banded chert is an original rock

made up of ferric oxide, derived from the oxidation of ferrous carbonate at the surfa:o

interbanded with chert, and this suggestion seems to be supported by the recoi-d of

borings at the Helen mine. These pass through alternate layers of cherty carbonafcs

and of banded chert.

The mode of origin of the amphibolitic schists of the iron formation has already

been briefly intimated. They are the result of either contact or dynamic metamor-

phism. The banded jaspers are supposed to be the product of deep-seated metamor-

phism, and in the Helen iron formation apparently occupy stratigrapbioallv ar.

inferior position. They result from the banded cherts by dehydration of the hydrou.s

iron oxide. Originally formed at the surface as ordinary ferruginous chert, bv

sedimentation in bands, when deeply buried and folded the hydrous iron oxides were

dehydrated and changed to hematite, which gave to the iron its specular character

and altered the rusty ferruginous chert to crimson jasper. From still further changes
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to the sideritic chert, handed cherts and jaspers, have resulted the deposits of hema-

tite. This is too large a subject to be considered here, but briefly it is a process of

direct oxidation of the carbonate and partly of enrichment due to the action of

descending, and to a less extent, of ascending waters acting upon the iron sediments.

Deposits of pyrites and of pyrrhotite occur at several points within the area with

which this report deals. As already mentioned, they are supposed to result from the

reduction of the sulphate by carbonaceous material, which is found commonly in the

phyllites of the iron formation. Apparently at these places the sulphate salt was

more common than the carbonate salt in solution ; or it is possible the segregation of

the sulphide may be the result of enrichment due to metasomatic change subsequent

to the deposition of the rock.

It was noticed that great quantities of the iron sediment were strongly magnetic:

particularly the banded cherts, and even more so the banded jaspers and aniphibolit'c

schists. It may be judged from this that the magnetite is a product of advanced

metaraorphism and is probably formed by the deoxidation of hematite or limonite iu

a deep-seated zone or alonj; or near the contact of an igneous intrusion. The few

small deposits of magnetite in Michipicoten have always been found where one or

ether of these phenomena has been operative. It is possible that magnetite may
aIsM be formed by the d'rect oxMu'ion of ferrous carbonate, as at one point at least

on the range just west of Iron lake, siderite and magnetite were found in intimate

connection close to the edge of a diabase dike.

EXTENT OF THE HELEN FORMATION
Formerly the Helen Formation was of extensive distribution, and though at present

much of it remains, still by far the greatest part has been removed by inter-Huronia.i

erosion and to a much greater degree by the long continued post-Huronian erosion.

It has been mentioned that the rocks of the western Michipicoten range are muci
less complexly folded than those of the northern range. For this reason, in par;

the removal by denudation of the formerly existing iron-bearing rocks has produced

a different character of outcrop in the case of the western as opposed to the northern

range. The western range now appears as several generally very narrow bands lyin^

farallel and very close together in an iron-bearing belt in some places almost half

a mile in width. Phyllites or schists of igneous origin separate the narrow bands cf

magnetic cherts and other ferruginous rocks from each other, within the iron-bearin:J

belt. In the northern range, speaking somewhat roughly, the outcrops of the formatioa

nake up two more or less widely separated bands, running each in a general way east

and west. These bands represent the opposite limbs of the complex synclinorium already

mentioned in connection with the northern Michipicoten Huronian area. Betwee.i

the two hands; lie the thick beds of the Dore formation. In the west of the area

only the northern limb appears prominently.

Northern Band of Northern Range

The northern band of the northern range extends brokenly from the easterji

Iranch of the Pucaswa on the west to the McKinnon tote road near the Magpjp
river on the east. For some three miles west of Bole lake narrow outcrops of banded

p.nd very mpgnetic chert can be seen in the green schists, but these are not of econom'"

importance, seldom if ever exceeding twelve yards in width. Eastward from Bole lake

the really wide band commences, and from this point to the end of McDougall prom-

ontory at Red Pine point for a distance of about four miles there is a continuoii.s

outcrop of the Helen formation occurring in a series of high cliffs facing south. At

Red Pine point the iron range disappears below the waters of Iron lake, and do.^=;

not reappear until about one mile west of Clear AVater pond, and rather more than
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two liundrecl yards iiortli of Iron creek. Ht>ro two parallel bands run about two
hundred yards apart and arc supposed to be the opposite limbs of a syncline of the
second or thud order, and both part of the northern liand. These sub-bands are
continuous for over half a mile, and on them is staked the Katossin claim hereafter

described. Some three-quarters of a mile along the strike from the place where they

die out, one or other reappears at a point about one-quarter of a mile north of Pitch

Pine lake, and thence is continued eastward as an unbroken band almost to the Do.<;

river. East of the Dog river is a narrow band of rusty pyritous chert less than .T

Cuarter of a mile long and of no economic importance. Farther east, north of the

marsh, on the portages between the Dog river and the Frances mine, the formatioi

once more shows up, appearing first as narrow lenses in nacreous much-sheared

quartz-porphyry schist, and afterwards as several closely parallel bands. These are

continuous almost to the shores of Paint lake, where the formation is cut by the higli

£:ianitic boss forming mount Raymond. From this point for some distance the tracing

cut of the iron-bearing sediments is a matter of extreme difficulty, it being oftea

almost impossible to distinguish between schists of igneous origin and those formed

from the sediments due to the metamorphic action of neighboring granitic intrusives.

Roughly, however, the wide band runs directly north from mount Raymond, bordered to

east and west by granite or quartz-porphyry. About one-half a mile north of Paint lake

the strike, if so complicated and brecciated a structure can be said to exhibit strike,

changes to north 60° west, and the band assumes that direction. Beyond this point

the few isolated outcrops of chert and schists, both profoundly altered, being cut by

both acid and basic eruptives, were insufficient to explain the relations existinj

between the two rocks. The relatively high ridge of hills which extends northward

from mount Raymond is broken by many wide deep valleys marking the erosion of

former dikes.

Less tlum one mile and a half in a direction north 20° west from mount Raymond
is Morse mountain. On the southern part of this hill chloritic schist alone appears, but

the northern part of the hill shows a wide outcrop of banded and rusty chert which con-

tinue more or less in a direction north 30° east between Heart mountain and Gushing
lake for a distance of about a quarter of a mile, where they disappear in low ground.

Some two hundred yards east of the north end of Heart lake is a narrow band of

lUSty chert about 650 yards long, running in a general direction north 30" east. Tc
the south this is cut off by basic intrusives which near the contact have metamorphosed
the sediments to amphibolitic schists. In this direction it was probably formerly

joined to the Morse mountain band. To the north it is cut off by the narrow neck

of granite and quartz porphyry which joins the main northern mass of post-Huronian

acid eruptives with the smaller Kabenung lake boss. This band is interesting only

from a scientific standpoint, as its widest part is only some fifteen yards across.

Opposite the confluence of the Crayfish river with the Dog river, in the thoroughlv

contorted schists cut in every direction by inclusives, both basic and acidic, occurs a

narrow lens of a banded actinolite-magnetite schist which is apparently an altered

sediment of the Helen formation. It is only a few yards long and dies out in "tails"

in the schists. Some 450 yards west of Narrow lake the formation reappears and is

traceable brokenly as far as the northern arm of lake Charlotte. The band is narrow,

nowhere exceeding ten yards in width. Changes of strikes are frequent on this band,

the vertically standing beds running at south 70° east at the western end of Narrow
lake, at about north 70° east at the western end of lake Charlotte, and bending to

the former direction farther east. North of this main band several smaller lenses

occur in the highly metamorphic schists but they are quite unimportant.
Along the northern shore of East Kabenung lake narrow lenses of magnetic chert

first appear in the schists towards the northwest end of the lake. These widen to

form the band of Magnetic point, and of the adjoining islands to the east. A few

lenses also occur on an island a quarter of a mile still farther east. From this point

the nest appearance is about twelve miles farther east and along the shore of Evans'
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creek, and from two to two and a half miles northeast of Godon lake. Several generally

parallel bands occur in this distance of one half mile across the strike, and extend for

rather more than a mile in the opposite direction, dying out near the McKiunon
tote road.

Southern Band of Northern Range

The southern band of the northern range from its cxtremelj- irregular distribution,

particularly towards the western end of the area, seems to have suffered greater

transverse folding than the northern band. It firstM appears suddenly as a wide

irregular mass of cherts, etc., at the Frances mine. About two miles southwest of the

Frances mine a narrow lens of chert appears on the shore of a marshy pond, but this

has apparently no connection with the main southern band. Eastward from the

Frances mine a wide muskeg swamp stretcher to the foot of Brotherton hill—the

ne.xt outcrop of the Helen formation. From a careful study of the .structure of both

the Frances hill and of Brotherton hill, I feel confident that all of the iron formation

v^hich formerly existed between these two hills has been removed by erosion, and that

the low swamp indicates the weathering of the softer green schists below the hard
rocks of the iron range. East of Brotherton hill the Helen formation dies out for

some miles, to reappear as several generally parallel tiands to the east of No-fish bay

of Kabenung lake. These bands have a general northeastern direction, and unite

in an extraordinary hill at the northeastern end of No-fish bay and on the neck of

the peninsula between No-Fish bay and Perry's bay. From this point the united

band strikes first in a southeasterly direction, then in an easterly direction, and is

continuous to the south of White Water Lily pond.

West of the entrance of Elmo creek into lake Elmo, narrow lenses of black chert

are to be seen in the schists. East of the creek these unite to form a decided band
of variable width, and of more or less regular strike, in a direction north 80° east,

which is continuous for over a mile, then dying out in the tail-like lenses so common
\n Michipicoten.

East of Leach lake is a wide appearance of the Helen formation. Here three

decided bands and many smaller sub-bands appear interstratified with the schists.

1 have designated these bands by the numbers 1, 2, 3, 4, 5, 6, counting from west to

oast, from where crossed by the township line—the northern boundary of township
30^and sub-bands A and B, the former a part of band 3, and the latter a part of

band 2. Neither of these sub-bands crosses the township boundary line. Band 3 is

the most prominent of all. Its branch, sub-band A, dies out just south of the forty

f.nd one-half mile post, but soon outcrops once more and is continuous more than
half-way across the township, running with a regular strike almost east and west.

For five miles to the southeastward of the point of disappearance of sub-band A
no outcrops of the Helen formation were observed. Then at a point less than a

quarter of a mile from the eastern shore of Godon lake the iron-bearing rocks again
outcrop prominently and run in a narrow broken band southward to the small ponJ
lying east of Pyrrhotite lake and joined to it by a narrows ; southeastward from this

email pond the band is traceable as a narrow lens, appearing at wide intervals along
the exposed western face of the ridge of hills, running to the east of Pyrrhotite lake,

lake Marian, Punk lake and Emerald lake.

East of the Magpie are the Eccles lake claims, located in the southwest corner of

township 28, and staked on a great many narrow lenses of Helen formation lying

within their boundaries. These lenses of iron-bearing rocks may be said to mark the
link between the northern and eastern Michipicoten iron ranges. They were somewhat
hurriedly examined by the writer, and will be discussed in connection with thi?

report. Though from a geographical standpoint, being east of the Magpie river, they

M A very narrow lens was found about three miles farther west, but it is of no eoonomio
Taloe.
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may be said to belong with the eastern iron range, still they are supposed to represent

the continuation of the iron-bearing rocks on the opposite side ol' the Magpie, an'i

bence are to be connected geologically with the northern range as well.

The Western Range

The western Michipicoten iron range, or the Pucaswa section, may be said to

start on the Lake Superior shore about three and a half miles southeast of the mouth

of the Pucasw'a river. At tliis point some ten narrow bands of iron formation appear

interstratificd with schists. They are traceable for only a few yards back from the

lake shore, and are lost beneath a sand-plain which extends northward almost to the

tsnks of the Pucaswa river. Some three and a half miles slightly east of north of this

first appearance of the western range is the second outcrop on Laird's claim. Hero

several narrow bands appear in the schists for rather over a quarter of a mile across

the strike, and run for about the same distance along the strike. Less than half a

mile farther east the bands reappear, not far north of the Julia river, and aro

brokenly continuous for a little over a mile. From this point where they die out to

the western end of David's lakes is about three miles, and during this di-stance a few

short lenses outcrop, but they are narrow and unimportant and extend for only a

few yards above the generally level and little broken country.

David's lakes are situated some six miles north, of Red Sucker harbor, and ju=;t

north of the headwaters of Pipe river, although they themselves empty to the eastern

branch of the Pucaswa, south of which they lie at a distance of rather less than n

mile. Just north, of David's lakes and extending about one and three-quarter miles

to the northeastward is an iron-bearing horizon. The banded chort.s which compose

this horizon, are cut off to the eastward by the intrusive granite and disappear to tha

westward in low ground. On the bands of iron formation north of David's lakes an
staked the David Katossin claims.

About four miles southeast of the point where the banded cherts of the David
Katossin claims are cut off by the granite, they re-appear on the eastern limit of the

eruptive rock to the northwest of Maple lake. From this point several narrow and

parallel bands run north of Maple lake, and extend in a somewhat broken manner
to and north of Lost lake to the Floating Heart creek. The band crosses Floating

Heart crgek and continues eastward to Cameron lake. On the eastern side of

Cameron lake only a few scattered and very narrow lenses are visible. From Mapi-?

lake to Lost lake the western range is much drift-covered, and solid rocks, particu-

larly those of the Helen formation, do not outcrop prominently, so that it is practically

impossible to study the rocks of this section in any detail.

For some seven miles in a direction somewhat south of east of Cameron lake,

granitic rocks occupy much of the surface of the country, and intervene between two

patches of Huronian. Not far from the eastern margin of the granite, rocks of the

Helen formation appear near the headwaters of Fall creek and at about two miles

from the Lake Superior shore. They occur in disconnected scattered lenses which may
be traced southward to the Lake Superior shore, where thev outcrop a short distance

west of the mouth of Fall creek.

About a mile and a half north of the mouth of the Pucaswa is the Edey claim

staked on iron-bearing rocks which have no structural resemblance to the rocks of

the western Michipicoten range proper, but which geographically belong with the

western Huronian area.

Some ten miles in a direc+on north 20^ ^ast of the mouth of the Pucaswa is the
Lome prospect of impure magnetite, wlijch occurs near the shores of McDoiigall's

lake in highly metamorphic schists, a very small inlier of Lower Huronian rocks

within granite. These interesting rocks have no visible connection with either the

western or northern Michipicoten Huronian areas, but I am of the opinion that they

are to be connected with the latter, since they are almost on the line of the strike of

tbn Qarrow belt of Huronian rocks which extend south of west from Iron lake.
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The bands of richly ferruginous cherts which appear on the Gros Cap peninsula

near Michipicoten harbor, and which belong with the eastern range, may be the

continuation of the banded cherts of the western range which dip below Lake Superior

just west of Fall creek.

SPECIAL AREAS OF IRON FORMATION

Iron Lake

The Iron lake area extends from Bole lake on the west to Red Pine point at tha

eastern end of MacDougall's promontory. It is the widest and longest continuous

band in the district, being over two and a half miles long and having a maximum
width of a little over 1,100 feet.

. -i^rwfefe ^s:

«

Irnn f'lrniation, Iron lake.

It appears topographically as a relatively high range of lulls of more or less

regular angular outline, presenting steep cliffs relieved by talus to the south and more

sloping faces to the north, and cut across by fiequont valleys which represent eroded

dikes or fissures. The band consists of a series of closely compressed south-dipping

isoclinal folds, with minor pitches to east and west and major pitch to the east. The

direction of pitch of folds of the iron formation is often difficult to discover. Actual

pitching troughs or arches were not often observed in the field, and the pitch of the

tynclines was judged generally by the slight persistent divergence of the strike on the

opposing limbs. In a general way the pitch is probably to the west near Bole lake

and to the east near Van Evera's lake—certainly to the east (with high angle) near

the shacks formerly occupied by the Minnesota Iron Company, and again in the same
clirection at a point about half way between the shacks and the western end of Min-

nesota bay (and at an angle of about 45°). From this point it 's probably towards

the east as far as the diabase dike which runs almost north and south near the foot
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of Minnesota bay, and may be from the opposite direction on the opposite side. The
outlet of Windigo-Weas lake into Iron lake is along an eroded diabase dike, and
from the conditions of jointing seen on either sde of this dike, it is presumed that

the pitch is away from the dike in opposite directions. To the east of the dike the

dip of the jointing planes is to the west, and west of the dike nearly vertical or pos-

sibly slightly to the east. Since in joints due to torsion the direction of the jointing

plane is roughly perpendicular to the dip of the strata, and since the pitch is a form
of dip, it is presumed that the direction of the pitches of the troughs are at right

angles to the dips of the jointing planes and hence in the direction named.

The general trend of the Iron lake band is more or less uniform from Bole lake

to the Minnesota shacks, the strike being about north 80° east. The Minnesota shacks

lie in the valley formed along the eroded plain of a thrust fault. Here the beds turn

sharply to the north and then north 6-5° east, and this general course is maintained

to the point where the bands dip below the waters of Iron lake at the end of Mar-

Dougall's promontory, though numerous small irregularities and even autocJast'o

breccias occur. The dip is always to the south at an angle varying from 55° to the

vertical.

The Iron lake band is bordered to the south by a narrow layer of quartz-porphyr/

schist separating it from the Dore conglomerate. This schist seldom outcrops, but

its position can easily be followed by the narrow valley which runs parallel to the iron

range, and which shows that erosion has eaten through the higher iron formation into

the lower schists. At some points near Bole lake the iron range seems to be in almost

immediate contact with the conglomerate, as no schist outcrops and the valley reduced

to a minimum. To the north of the range, the bordering rocks are as a rule pinkish,

greenish or yellowish felsite and quartz-porphyry schists, often silicified or carbon-

atized, but at one point at least amygdaloidal chlorite schists may be. found in close

proximity. The quartz-porphyry schist on the north side of the iron formation 'S

lithologically almost identical with that on the south side, and it is presumed thai

tliey represent the opposite limbs of a synclinorium.

Dikes of diabase traverse the iron range at four points. One running in a direction

south 70° east cuts the sediments along the north shore of Bole lake. A second run-

ning about southeast, outcrops prominently as a west facing cliff just west of the

Minnesota shacks. A third with a course north and south is exposed near the foot

of Minnesota bay. It appears only towards the north of the iron range, but its

course southward is marked by the path of a small stream. A fourth dike is the one

which follows the outlet of AVindigo-Weas lake, seen in numerous outcrops to ru'J

about south 15° west.

Dimensions and Relationships of Band

The range has a width of some 460 feet on the side east of the dike, at Bola

lake, of about 600 feet (possibly more) at a point about one-half mile west of the

Minnesota shacks. Eastward from the fault line it gradually widens, and north

from the foot of Minnesota bay has a width of 1,050 feet. From this point the south-

ernmost part of the band disappears below the waters of Iron lake, and the northern

becomes intermixed with phyllites and schists. To the west of A\'i5ndigo-AVeas lake,

and between that body of water and the main lake, the outcrop has a width of soma

400 feet above water, and when it disappears altogether below the water at McDougall's

promontory it has a width of 2.50 feet. North of the main band and running

approximately parallel with it are several narrow bands, more or less persistent for

a few hundred yards. These bands are the pinched-in remnants of synclines of a

higher order than the main band, with which they were formerly connected before

erosion had proceeded so far as it has at present. The most prominent of these i.^

at Windigo Bones point, where the width is about fifty feet.
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Lithologically, practically all the rocks of the Michipicoten iron range are repre-

sented at Iron lake. The prevailing type is a somewhat impoverished, banded chert,

pJmost always magnetic. Towards the northern part of the range are the less weathered

varieties, and true banded jaspers showing distinct separated layers of jasper an'J

D'.agnetite are observed in many places along this face. On the exposed southern face

of the cliff to the west of Iron lake, the iron-bearing rocks are much decomposed, and

i'l the valley below, particularly near the edge of the Dore conglomerate, consist of

lusty granular or sandstone chert.

The much jointed cherts facing the water along the north shore of Minnesota

bay are extremely .sideritic, whereas their opposite slopes are often jaspyllit c. Coarse-

grained chloritic eiderites, in intimate connection with highly magnetic banded jaspers,

occupy an adjoining position just west of the third dike described above, and their

relations may possibly indicate that the latter is a metamorphic product of the former.

The sedimentary origin of these particular coarse-grained siderltes, interbauded, W'th

the iron formation seems questionable. They may simply represent the extreme

phase of carbonization of the much altered intrusive igneous rocks—dolorites or

diabases which have been already described as consisting in large part of siderite jr

other carbonates.

Associated with the cherty ferruginous rocks phyllites occur in several places

—

notably in the valley between Windigo Bones point and Red Pine point, and the

cherty siderfies along McDougall's promontory contain so much chlorite or microcliue

that they become sideritic slates or arkoses.

The numerous chloritic sideritic schists interbanded with the iron formation are,

I think, all of igneous origin, though some of the narrower sheets towards the nortll

f.f the range may be sedimentary. Th^e sheets are limited almost entirely to

McDougall's promontory and just west of it, where by their occurrence the value of

the iron formation is greatly deteriorated by lessening the amount of rock from which.

ferruginous material can be drawn and by preventing by their imperviousness the

lateral flow of meteoric waters, since both free circulation and abundant iron formation

are requisite for the development of a large ore bod.v.

The metamorphic influence of the smaller intrusive dikes, etc., upon the iron

formation is not pronounced. The contact phenomena are comparatively slight, being

shown only by the greater amount of magnetite close to the dike than at some distance

from it. On the other hand, the propyllitization of the narrow dikes* by solutions

derived from the iron formation is general, and will be discussed later. The wide
boss of magnetic diorite existing north of the Algoma Commercial Company's shacks

(n Minnesota bay has greatly altered the rocks info which it has been intruded, which
for over a quarter of a mile north of the boss strongly deflect the magnetic needle-

The altered rocks consi-st chiefly of magnetic epidote schists, with probably some
magnetite amphibole schists. They are apparently often altered sideritic slates, though
much of them may be altered igneous schists, and only a comparatively small portion
have been proved to be undoubtedly sedimentary. The origin of most of these

rjagnetite bearing rocks is difficult to decide definitely, owing to the extreme degree
of metamorphism and the somewhat confused field relations.

South of Van Evera's lake and near Bole lake the banded cherts are highly ferru-

E'nous. In the ferruginous chertg south of Van Evera's lake occur small pockets si.^

Or seven inches wide of a hydrated hematite. On these, test pits were sunk by the

Minnesota Iron Company, but the iron improved neither in quantity nor quality in

descending. A great deal of test-pitting and stripping has also been carried out at

Bole lake, but these operations were not conducted along the contact wi':h the over-

lying formation, apparently the most likely spct at this locality for the occurrence
of an ore body.
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Ore Showings

Along the range between the Minnesota shacks and Iron lake a considerable

amount of stripping has been done, much test-pitting carried out, three tunnels ru i

p.nd one shaft sunk on small pockets of ore visible on the surface.

The entrance of the first tunnel is about 200 feet northeast of the shacks. The

tunnel runs to the northeastward into the pronounced west facing cliff. At ths

entrance to the tunnel soft bluish hematite, much mixed with chert, appears on the

walls. About seventy-five feet higher up the hill, and some fifty feet or more farther

east, is a second tunnel wkich enters the hill in a southeasterly direction, and then

turns northeastward. The ore showing here is of better quality than at the lower

tunnel, and consists of bluish soft hematite, with specks of quartz. The ore body

apparently has a vertical thickness of at least twelve feet, and becomes less ferruginous

and merges into the chcrty rocks above, which contain comparatively little iron

Downward the face of the hill is covered with talus and the extent of the ore body

in that direction is not traceable. I understand from Mr. Robert Murray, formerly

in charge of the exploration work carried on at Iron lake, that the ore became more

B '."cious away from the outcrop. The third tunnel is excavated into the hill at a

point about 250 yards east of the other two, just north of the trail, which conner-ls

the Minnesota shacks with Minnesota bay. It was carried into the hill for a distance

of IcO feet. Pockets of good soft ore (hematite) occur for this distance, bnt are much

mixed with chert. The tunnel has a height of eight feet above the shelving bank,

end a width of about six feet, and these dimensions may be said to mark the limits

of the ore, at least above ground. Above the ore and standing in marked contrast

is an area of almost pure white, very quartzose chert, showing no banding. The ore

itself is soft reddish hematite, and with some botryoidal and rusty hydrous hematite.

Analyses were made of various specimens of ore, and of enclosing iron-bearing

locks from the Iron lake area. The results of the analyses follow below. Number i.

is an iron ore from the upper tunnel (second tunnel above described), and may be said

to represent one of the relatively rich ores of this locality. It will be seen that a3

far as sulphur and phosphorus are concerned, the ore is of Bessemer quality, but it is

low in iron content. However, it is a soft ore, and if it existed in quantity, would

certainly be marketable. Number 2 is a soft and often very red limonite from th<3

tunnel on the trail between Minnesota bay and the shacks (third tunnel above

described). Number 3 is a soft ore jasper from the same tunnel. In the field the rock

i-- very irregularly banded, and consists of pinkish chert gathered in irregular areas

with impure purplish chert and streams of rich dark red hematite. Number 4 is a

jaspyllite from McDougall's promontory, consisting of interbanded pinkish, somewhat

ciystalline chert, reddish very silicious ore and streaks of specular hematite. Number
5 is a pyritous cherty siderite of an opalescent bluish gray color, from flank of hill

facing Minnesota bay. Number 6 is much the same only darker in color, from Red

Pine point, while number 7 is from a boulder of cherty siderite found in the drift oti

the portage between Iron lake and Minnesota bay.

Fe. P. S.

No. 1 59.52 .04 .02

2 54.76 .035 .02
" 3 36.03 — —
" 4 21.14 — —

-
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A Promising Prospect

It has been a matter of general comment among geologists and mining men gener-

ally on the south shore of Lake Superior where large ore bodies have long been developed,

tiiat these bodies occur in places where certain definite geological conditions have bean

lealized. These conditions have been enlarged upon by various geologists,'5

and it is unnecessary for me to more than mention them here. The presence

oi an impervious basin beneath the ore formed either by igneous schist, sedi-

moutary slate or eruptive rock, is a striking feature generally observed in

connection with all large ore bodies in regions of similar geological conditions

as exist in Michipicoten. This basin may be a pitching trough sloping from

two directions to a common centre, formed by transverse folding of longitud-

inal folds, or this larger trough may be divided into several smaller troughs

bj transverse dikes. Contact planes, much fractured iron formation giving free

passage of circulating waters, a wide outcrop of iron formation, and in general a much

decomposed and deferruginized surface outcrop, are generally also connected with

iron ore deposits of this sort, when of economic importance.

It will be seen that at Iron lake we have ideal conditions for the development

of ore bodies. First, an abundant iron-bearing formation. Second, pitching troughs

on an impervious basement of various green schists. Third, numerous secondary

irructures developed, faulting, jointing, brecciation, etc., allowing free circulation

of iron-bearing solutions and permitting the enrichment of the ore bodies. Large

quantities of ore are certainly not found at the surface, and if they exist, as seems

probable, they are either beneath the rock surface or else are covered by sand ot

other drift or talus. As the truncated isoclinal folds dip to the south, it would appear

preferable to conduct exploration for oi-e bodies from that side. The cross diabase

dikes act as barriers to the iron-bearing waters and cause the depositions of ore where

the trough pitches towards the dike, hence there would be near the dike a position

Oil the south side which would seem especially favorable. There are many such

positions which combine these favorable conditions at Iron lake.

The Iron lake range is on the whole an exceedingly desirable and likely prospect,

and there is apparently no reason why ore bodies should not be found there.

The Katossin Claims

The bands of the Helen formation on which the Katossin claims are staked, are

situated north of Iron creek and of Clearwater pond. It has already been me.i-

tioned that they are continuous for about one-half mile, and that they represent

the opposite limbs of a synclinal fold of a second or third order. At the surface

neither band is of great width, seldom exceeding twenty-five yards across. They are

Voth complexly anticlinal in structure, and the north band, at least, shows greefi

schists overlying on both sides. From this it is presumed that the schist occupies the
top of the trough between the two bands, though comparatively few outcrops

e'ther of schist or of Helen formation appear above the sand-plain, and it is difficult

to make sure on this point. The extent of the iron formation, particularly adjolnina
the north band, was traced by magnetic observation, and was found to continue far

thirty or forty yards at least on either side beneath the schists. Moreover the different

outcrops were connected in the same way along the line of strike, although the north

band was not actually joined to the south one by this means.
Lithologically, the north band con.sists chiefly of pyritous, very magnetic, cherts,

often rusty and impoverished, and of interbanded crimson jasper and bluish magnetite
01 specular hematite. The latter, which may be called jaspyllites, sometimes contain
so much iron ore as practically to be considered an iron ore. The south band is mado
up of much the same material, though rather more decomposed and less jasper-like.

15 See "The Exploration of the Ontario Iron Eanges," by A. B. Willmott, Journal of the
Canadian Mining Institute, Vol. VII, pp. 257-261.

21 M.
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Analyses were made of several specimens from the Katossin claim, all from the

north band, and the results are given below. Number 8 and Number 9 are r'ch

magnetic cherts, and Number 10 is one of the very rich jaspyllites.

Fe. 8. P.
No. 8 43.17 .05 .093

5 40.39 .06 .04

lO 58.48 .02 .035

The general strike of both the north and south bands is north S5^ east, and the

dip both to north and south, though generally the latter.

Basic dikes certainly traverse the south band and probably the north one also.

The troughs pitch sometimes at a high angle, sometimes at a very low angle to the

eastward, so that closed pitching troughs favorable to ore-deposition are common, and

s-econdary shearing along the bedding planes has produced micaceous specular hema-
tite. Schists usually of the fine-grained chloritic type, are found freely pinched-'u

with the iron sediments, and it is not always possible to tell the relative age of the

iron formation and of the schists It is also impossible to even attempt an estimate

of the thickness of the beds. The minimum may be set at ten feet, and is probably

many times greater.

Katossin claim. Iron river, showing anticlinal strata.

On the whole from surface examinations the Katossin claims do not seem at

first sight a promising prospect, but when it is remembered that the entire trough
bttween the bands is probably occupied beneath the sand and schist (certainly n^>t

of great depth) by an unknown and perhaps great thickness of iron sediments, th3

economic possibilities of the claims seem more favorable.

West of the Dog River

About one-quarter of a mile north of the east end of Pitch Pine lake beds of

Helen formation appear above the general low ground, and are interruptedly con-

tinuoas almost to the Dog river, a distance of about three-quarters of a mile. Ths

21a AI.
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ferruginous rocks form a comparatively narrow band seldom, if ever, exceeding

thirty-five yards in width, bordered to the north by soft chloritic, sometimes nacreous

felsitic or quartz-porphyry schists, and to the south by black phyllites or quartz por-

phyry schist.

The exact structure of the band was unidentifiable, but apparently it consists or

a series of very closely compressed isoclinals. The strike varies from north 65*^ west

t< wards the eastern end of the band to north 85** west at the opposite end. The dip

is generally vertical, but is occasionally to the south.

The rocks consist entirely of rusty banded chert, often pyritous and occasionally

magnetic. The quartz-porphyries associated with and bordering the iron formatioQ

are greatly silicified, and in places carbonatized. These altered schists have often s

strong lithological resemblance to the Helen sediments. The phyllites which appear

along the south side of the band at one or Iwo points, are black, fine-grained, and very

legularly crenately-banded.

Paint Creek and Mount Raymond

The Paint Creek band starts as a number of narrow lenses in the mashed quartz-

porphyry north of the marsh which lies just east of the portage from the Frances mia^

to Paint lake, and is continuous as one larger band and several smaller unimportant

sub-bands almost to Paint lake, a distance of over a mile, where it is cut by the granite

boss forming mount Raymond. Beyond mount Raj'mond it bends sharply to the north-

ward and may be traced as one wide mass for over half a mile. The range appears

as a low line of hills to the west gradually rising to mount Raymond, which has an

»ititude of about three hundred feet, then dropping slowly towards the north. Tho
iron formation west of mount Raymond will be described as the Paint Creek band,

while north of mount Raymond will be considered as the mount Raymond band.

The Paint Creek beds have a maximum width towards the west of one hundred an.l

sixty feet, and are generally much narrower, but to the eastward they rapidly widen
pnd have near mount Raymond a width of over seven hundred feet. Towards the west,

quartz-porphyry schist of the underlying green schists strongly predominates over

the iron-bearing rocks. The latter appear at intervals within the schists only as

narrow, shallow outcrops, which represent the eroded remnants of former deep sya-

clines. As the range increases in height to the east, the quartz porphyry schist becomes

less important in the belt, and finally dies out altogether.

The strike of the range varies from south 80*^ west on the west to north 80° west
or the east. The dip of the beds varies slightly from the vertical both to north and
south, and the pitch is probably for most of the length of the trough to the east

though from the relations of the parallel range at the Frances mine it would seem to

le to the west for at least part of the distance. Three visible cross dikes of diabase

traverse the range, and as mentioned above, a wide boss of granite cuts it ofif near
Paint lake.

The prevailing type of rock is a rusty impoverished granular or banded chert,

often pyritous, occasionally sideritic, and sometimes magnetic. The eruptive granite
of mount Raymond has altered the Helen sediments both physically and chemically.

The beds have been much contorted and brecciated. The banded ferruginous chert

has been changed to magnetite actinolite schist, and magnetite griinerite schist. Small
contact metamorphic depo^lits of very impure magnetite, which contains 21.42 per cent.

Toetallic iron, have been formed near the edge of the boss in the porous iron formation,
and a wide quartz vein which is highly pyritous and slightly auriferous, has developed
in close proximity. This quartz vein is at least fifty feet wide and probably thr'e

hundred yards in length, though this could not be definitely ascertained. It was
probably formed by the metasomatic impregnation of the iron sedimenfs by quartz,

bearing slightly auriferous pyrites, and probably some other sulphides, brought oy

liydrothermal waters marking the dying stage of volcanism.
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The islands of tlie west-ern part of Paint lake and tlie eastern mainland opposite

them are composed of hard dense, fine-grained garnetiferous zoisitic schist, resembling

a hornfels in the field. It is often rusty, due to the oxidation of the large amount of

iron pyrites which it contains. This rock, on account of its mogasicopical, lithological

resemblance to unquestionable clastic sedimentaries and because of the absence oi

any definite igneous characteristics, when studied microscopically has been considered

as a much altered slate, but it is possible that it may be more correctly a highly

u.etamorphosed chloritic schist.

The structure of the complicated mass of rock near mount Raymond is exceedingly

difficult to study, owing to the confused nature and scarcity of the outcrops and the

extremely thick and tangled forest growth which completely clothes the country .'n

this vicinity.

Ore Possibilities

The low-lying shores of Paint lake just to the south of mount Raymond are

covered with a deposit of mossy peat, two to three feet thick, beneath whick is a thiii

layer of bog iron ore formed from the leaching of the ferruginous sediments on tho

hills above. The deposit is too small to be of much economic value. The ore contains

64.6 per cent, of metallic iron, .08 per cent of sulphur, and .010 per cent, of phos-

phorus.

It is possible that a large ore body may exist to the south and west of the graniti?

boss of mount Raymond, but I do not think so, as the iron sediments are mostly o(

the altered character upon which meteoric waters do not easily act to allow the forma-

tion of a large ore-body. Westward in the narrower part of the trough there is no''

a sufiicieut thickness of iron formation left after the extensive sub-aeri<al denudation

to have ever had an ore-body beneath it.

No part of the Helen iron formation in northern Michipicoten is more difficult

tc study, and yet more interesting in its field relations than that part of it im
mediately north of mount Raymond. As has been explained, mount Raymond is a

vide, intrusive granite, and quartz-porphyry granite boss, and this intrusive granite

also borders the iron range both to east and west. The influence which this enormous

intrusion has had on the surrounding rock is most profound, and is even more pro-

nounced than s'outh and west of mount Raymond.

These rocks have been so intensely corrugated and even brecciated that their former

bedding planes have been entirely lost or rendered impossible of recognition. Thi
strike of the beds, if such it can be called, or more correctly the trend of the range^

is extremely irregular and is always changing. Roughly, it is almost north for about

600 yards from mount Raymond, then northwest for 200 or 300 yards. Beyond this

I-cint the formation is impossible to follow, partly from the thick nature of the forest

growth and the large amoxmt of fallen timber, and partly from the scarcity of reliable

outcrops. It is possible that the greatest part of the range is covered by more recent

schists. The dip is dec-'dedly uncertain, but is generally vertical, sometimes with a

slight inclination to the east

The whole appears to be a compressed compound synclinal fold pitching to th?

north, as judged from the really few evidences in the field. The width is for the most

j^art great, being rather over 640 feet for the first 600 yards. Beyond this point tho

width of the much drift-covered band could nowhere be accurately ascertained.

AVide greenstone and q\iartz-porphyry dikes cross the belt towards its northern

limit, and may have acted as barriers to north-flowing iron-bearing solutions, but the

nature of the rock, particularly to the south near mount Raymond, being resistant to

the attack of the weathering agencies, is prohibitive to the production of an extensi/e

rre-body. While this does not apply so much to the northern part, it is at least an

important factor in its consideration.
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Morse Mountain

Morse mountain is an irregular shaped hill some 200 feet in height lying about

one-quarter of a mile southeast from Heart mountain and rather a greater distanoo

southwest of C'ushing lake. Outcrops of solid rock on its southeastern, southern and

western faces are entirely of a soft chloritic schist, and on its northwestern face uf

Helen iron sediments. The summit of the hill is almost wholly drift-covered, the few

outcrops shown being small and unsatisfactory. Towards the northwest side theso

seem to be mostly of rusty chert, and towards the opposite side of chlorite echist.

From the northwestern corner of the hill a gradually dropping tongue-like rid?e

stretches to the northeast between Heart mountain (from which it is separated by a

deep valley) and Gushing lake.

The northwestern face of the hill shows the Helen formation outcropping for

nfarly a quarter of a mile across the strike with three narrow sheets of a granitic

porphyry intercalated. On the opposite side of the hill where the green schist out-

crops, there is only one sheet of porphyry seen. The tongue-like hill is, close to

Morse mountain, composed entirely of rock of the iron-bearing foundation, but at

some 500 yards along the strike this dies out in "tails" of chert in the schist.

There are three ways of explaining the rather strange field relations. First, that

it is a pinched-in synclinal fold or series of folds younger than the enclosing schists

;

or second, that it is a southerly pitching synclinal fold or series of folds, in which

the chloritic schists to the south are younger than the iron formation, and the latter

in turn younger than the schist in which it dies out to the north ; or third, that it is

a northerly pitching trough with exactly the opposite relations. The second explana-

tion seems to be much the most likely on account of the rather sudden appearance of

the iron formation on top of the hill and on account of the tail-like disappearance

to the north. However, this is inadequate proof and needs substantiation by further

evidence.

The iron-bearing rocks of Morse mountain consist of rusty granular chert and of

more or less ferruginous banded cherts, both much impoverished and weathered. The
intrusives of Morse mountain are all of the granite-porphyry type, intruded parallel

to the dip of the beds through the line of weakness at the base of the isoclinal folds.

Morse mountain has in its favor as a prospect the widest continuous outcrop of

Helen iron formation exposed in the northern part of Michipicoten, with ferruginous

though now much impoverished rocks, upon which surface water would easily act, and
in places a brecciated structure allowing free circulation.

East of Heart Lake

The narrow belt of iron range rocks which occurs just east of Heart lake shows
some interesting metamorphic changes. The belt is apparently the small pinched-in

truncated remnant of a former deep synclinal trough, which has a general strike of

north 30*^ east, with variations to north 70° east, and to almost north and a prevail-

ing southea.sterly or easterly dip of 65° to 85° or even vertical.

The band which has an average width of about forty feet, is terminated to the
southward by a large, fine-grained greenstone boss, and to the northward by a portion
of the quartz-porphyry edge of the great post-Huronian acid eruptive mass of northern

Michipicoten.

Lithologically, away from the influence of the intrusions the rocks consist chiefly
of rusted banded chert, and at one point a very small deposit of bog ore exists in a
valley between two knobs of iron formation. Near both the quartz porphyry and
preenstone the banded cherts are changed by contact metamorphism. The greenstone
pioduccs a coarse-grained banded magnetite-hornblende schist, and t^he quartz-por-
phyry a somewhat fine-grained hornblende schist.
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North of Narrow Lake and Lake Charlotte

Very similar alterations of tlie iron formation to those east of Heart lake may 1 .'.

seen in the several narrow parallel bands of iron formation which run along the

northern shore of Narrow lake and lake Charlotte, the principal band forming in

great part the face of the cliff which rises abruptly along the northern shore of the tw>

lakes and is continuous as the northern edge of the valley which connects them. This

roa-./i band, though never more than fifty feet wide and generally much less, is more

or less continuous all the way from a point about half-way between the Dog river and

Narrow lake to the northern bay of lake Charlotte, whereas the smaller bands are

mere lenses continuous for only a few feet. Structurally they consist of closely plicated,

compressed synclinals of almost vertical dip, and with a fairly regular general but

very devious and erratic local strike.

The bands run roughly parallel to the contact of the Lower Huronian series with

the post-Huronian granites and rather more than a quarter of a mile from it. South

nf the actual contact with the unbroken mass of post-Huronian acid eruptives numerous
narrow sheets of quartz-porphyry and felsite are intruded parallel to the foliation of

the schists, and the bedding planes of the iron formation. Besides these sheets of

acid eruptives, basic greenstone dikes traverse the range at various points. Their

metamorphic effect is less pronounced than that of the quartz porphyries and felsites.

By far the greatest part of the iron formation has been more or less thoroughly

changed. Sometimes interbanded black or white cherts are seen, or very rusty re-

crystallized cherts, but the commonest type is a more or less amphibolitized schist.

This rock, which consists chiefly of hornblende, epidote and quartz, is remarkable in

containing very little magnetite or even none at all. Presuming that all the minerals of

this rock are authigenous. it may be supposed that this hornblende-epidote schist

resulted from the metamorphism of a carbonate, rich in lime and magnesia and coq-

taining comparatively little iron, with probably some clastic chlorite.

The chloritic schist adjoining the iron formation has also undergone great change,

being converted to epidotic and micaceous schist. The boundaries of the metamorphic
aureole are exceedingly irregular, sometimes rocks near to, the intrusive granite

bting practically unmodified, while others more remote have suffered complete alter-

ation.

Magnetic Point

Magnetic point on the north shore of East Kabenung lake is a short bean-shaped

strip of land connected with the mainland bj' a narrow neck. Along the exposed southern

face of the point runs a line of low cliffs composed of the Helen sediments. The northern

face of the ferruginous band is for the most part drift -covered, but in a few places soft

phyllitic schists (very probably fragmental) outcrop at a distance of about thirty yards

back from the water, giving a maximum width to the belt of at least thirty yards. Still

farther north on the mainland only a few small exposures of solid rock are visible, and
these are mostly of schist containing narrow bands of magnetic chert. In taking our

magnetic readings while traversing the bands the compass showed a phenomenal devia-

tion irregularly both to east and west for over a quarter of a mile north of the water.

It may be presumed that lenses at least of iron formation occur within the schists for

this distance, though the surface covering of clay and moss precluded actual observation.

The Magnetic point belt outcrops for some two hundred and twenty-five yards
along the point itself, and appears on a small island ju.st off the shore and on several

adjoining islets still farther east. The bands are a continuation of others occurring

in schists and phyllites for over one hundred yards across the strike on the mainlani
to the west.

The iron-bearing rocks of Magnetic point are composed almost entirely of tna-x-

iietite-griinerite schist. Sometimes this may consist of wide lenses of a somewhat

I
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magnetic granular chert always containing a few needles of griinerite, and but slightly

interbanded layers of sparkling coarsely crystalline magnetite and light yellowish

gray-green griinerite, and finally of bands three to four inches wide of almost pure

magnetite. Sometimes the magnetite-griinerite schist contains so much magnetite,

, especially where the wider layers of magnetite occur, tliat it is practically an iron

ore. The beds of iron formation at Magnetic point lie quite one-half mile south of tEe

main mass of intrusive granite, and it is unlikely that this caused the pronounced

metamorphism of the iron sediments. This great transformation may Le partly due

to the intrusions of basic igneous rocks which at least occur, though to what extent

is not known, but it is probably mainly the result of the intense dynamic strain whiah

the rocks in the immediate vicinity have undergone.

Analyses were made for iron, etc., of several specimens of the iron-bearing rocks

fiom Magnetic point. Number 11 is a specimen of a highly magnetic griinerite schist,

and Number 12 of a coarsely crystalline magnetite from one of the narrow bands

above described.

Fe. 8. P,
No. 11 43.35 .009 .073
" 12 64.31

The strike is decidedly irregular, the beds being often brecciated. The dip is

towards the south at an angle of 75° to 85°. Magnetic point is probably at about tEo

centre of a crumpled synclinal fold, towards which the troughs pitch from eitRer

side. The narrow bands of Helen sediments of Magnetic point and of the still nar-

rower lenses farther north, are the bottoms of synclinal folds of a high order—all that

remain of what were once parts of a wide belt of iron sediments, probably of great

thickness.

Evans Creek Area

The Evans creek area lies close to Evans creek and to the northeast of Godon

lake. The area contains two pronounced bands, and possibly a third band of iron

formation, which run generally parallel. The more southern of the two pronounced

bands forms a decided ridge some two miles northeast of Godon lake, while the more

rorthern band lies about half a mile farther northeast on the northern side of Evans

creek. Just south of the creek a few scattered outcrops occur along tlie flank of s

Irgh drift-covered hill. These may represent a separate band or may properly belong

to the northern band a few yards distant on the other side of the creek.

The rocks consist of evenly banded highly magnetic chert, and of rusty sacchar-

c'dal chert. On the northern band the main outcrop of the iron formation is ratter

less than a quarter of a mile long and with a maximum width of about 175 feet. It

nses as a low hill with abrupt cliffs facing the creek on the southwest side. To th^

rortheast it is bordered by a sand-plain, in which it also disappears to the southeast.

To the northwest near where it dips below the sand-plain, it is much mixed with a

soft chloritic schist. At three-quarters of a mile farther to the west-northwestward an

oiitcrop of iron formation appears above the sand-plain, and rather less than a mile
to the east-southeast a lens of whitish gray and rusty chert occurs in schist. This lens

lo about forty feet wide, and about four times as long. The strike of the band varies

irom N. .50° W. to N. 80° W., and the dip to the southwest at from 59° to 70°. Th^
band is supposed to be a compressd synclinal fold, but no direct evidence bearing on
this point could be obtained. The more southern band is much longer and more con-

tinuous than the northern band. It runs somewhat brokenly for more than a mile
and a quarter, and is cut off by diabase to the east-southeast, and disappears below the
sand-plain at the edge of Evans creek in the opposite direction. Its width is for the
most part somewhat uncertain, but at one point at least it is not less than 250 feat

across. Structurally and lithologiclly, it may be considered as similar to the northern
l^and.
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FRANCES MINE AND NEIGHBORHOOD

The Frances mine range is an irregular-shapod hill presenting steep talus-relieved

cliffs to the north, northwest and east, and grading off to the southwest and northeast

in long sand-covered Elopes.

The only solid rocks appearing in situ on the Frances mine hill are of the Helen
iron formation, and these consist of impoverished banded chert, very ferruginous

tanded chert or soft ore jasper, granular pyritous chert, much oxidized sideritic

chert, and few seams of hematite. The total outcrop has a maximum width of 935

feet and a length of 1,375 feet. The rocks are well exposed both naturally and art'-

ficially, and comparatively easy of field study.

The iron sediments have been crumpled into a series of closely compressed north

dipping isoclinals, each with a decided pitch from east and west, converting them
irto deep canoe-shaped troughs. These relations have been proved by ample field

evidence supplemented by the results of several drill holes. The strike makes many
variations from regularity, but its average may be said to be about north 8.5" west.

The dip with one exception is always to the north at a high angle or vertical. Bv
a careful study of the strike all over the hill it was observed that both on the east

and west sides the strike of the upturned beds converge towards each other, as would
naturlly be expected in synclinal folds. It was also noticed that the angle of convergence

was much more open on the west side than on the east, showing a steeper pitch of the

troughs on that side of the hill. At the Frances the beds are much contorted, and in

many places brecciated—the results of long continued dynamic, strain.

Several small and unimportant bodies of iron ore occur on the surface, and were

the means of first drawing attention to the Frances. All of these ore-bodies are

situated on the top of the hill, and are merely surface deposits. The ore is generally

a rich, compact, soft hematite. It is sometimes a blue-black slate ore, and again a

hydrous hematite, probably gothite. The value of even these small deposits is lessened

by numerous small horses of jaspery chert and geodes of quartz crystal. The larger

of these lenses has a length of forty feet, and a greatast width near the middle of nine
feet. The rock underlying the iron formation is a soft chloritic schist, as discovered'

by test pits and drill holes and as exposed at several places to the south and north or

Frances mine hill.

We have at the Frances apparently excellent conditions for the formation of a large

f-re body : to recapitulate, a series of closed north-dipping, canoe-vshaped troughs,

having a greater pitch from the west than from the east, lying on an impervious-

basement of green schist, a large amount of iron formation from which to draw
material, and this formation brecciated and open to the influence of oxygen and iron-

tearing solutions.

From a careful examination of the hill it would seem apparent that the best

point at which to carry out prospecting work is on the north side, since the prevailing

(Mp is in that direction, and the best location of a drill hole would be towards tho

western end of this side, since there is a steeper pitch on that side, and hence the-

deepest part of the trough containing most of the ore-body might be expected in that

J.osition.

During the time the prospect was being worked by the Algoma Commercial'

Company six drill holes were completed and two more started, the last three being on the

north side of the hill. Two of the others were run from the foot of a shaft sunk on one-

o' the small ore lenses already mentioned. I understand that the.se were drilled, one hori-

zontal to prove the length of the lens of ore, and the other vertical to test its depth.

Both soon got out of ore. Had the latter been continued deep enough, it would doubtless

hiive struck ore again, but even if it had. the proof obtained would have been of little

value, because it was too far east to have reached the main body of ore, and would not

have .shown the lateral extent, which in such closely compressed troughs as occur at the

Frances is an important feature.
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The other three drill holes were carried in either on the southern or eastern side.

The drill hole which was complet-ed on the north side of the hill, was successful

in locating ore, and I am informed that at a depth of 521 feet a considerable stratum

was entered.

Several specimens of iron ore from the small lenses on top of the hill were analyzed,

"*liich proved it to be for the most part of fair quality. Number 13 is a soft, bluish

red ore; other specimens were of a somewhat harder variety.

Fe. S. P.

No. 13 62.46 .02 .02

Brotherton Hill

Apparently Brotherton hill is structurally the same as the Frances hill—that is,

it consists of a series of closely compressed, canoe-shaped troughs with dip at high

angles to the north or almost vertical, and with a general strike of about N. 75" W.
Ihe surface outcrops are, however, not nearly so good and those seen are not is

favorable as at the Frances, and on the whole Brotherton hill may be considered au

inferior prospect compared with the Frances. The total outcrop of the Helen for-

mation is rather over 1,800 feet long, and is at least 900 feet wide at its widest part,

but is generally much narrower.

The rocks of the iron formation at Brotherton hill consist chiefly of banded grayish,

rusty weathering chert, very rarely highly ferruginous chert, granular pyritous chert,

and fine-grained blackish chert. At the southeast corner of the hill and separated from

the highest part of it by a cedar swamp, is an outcrop of a peculiar massive highly

ferruginous pyritous rock which is probably a phase of the iron formation. On tlio

j)Uth side of the hill evenly banded soft grayish phyllites occur close to the cherty

rocks. On the north side there are outcrops of chloritic schists, but none in immediate

contact with the iron formation.

A wide dike of much altered diabase crosses the hill diagonally, and appears to

send sheet-like ofFshoots in between the beds of iron formation, or at least is in part

parallel with the beds rather than traversing tbem. The widespread presence of this

altered diabase materially diminishes the economic possibilities of Brotherton hill:

Firsi, by its impervious nature preventing free circulation of iron-bearing waters.

Second, by its greatly decreasing the amount of iron-bearing formation, from

v,hich to draw ferruginous material. •

South of Kabenung Lake

The broken bands of iron formation lying to the east of No-Fish bay are almo^i!

unworthy of consideration. Roughly speaking there are three narrow bands, never

continuous for more than a few hundred yards, and untraceable for much longer

distances. The strike is in general N. 30^ E., though there are numerous slight da-

partures from this course. From the disparate and irregular distribution of the

outcrops taken in comparison with the comparative regularity of ?he strike and dip,

it is presumed that there must be marked and rapid variations in the pitch of tliJ

folds to have given the present field relations. All outcrops are apparently in generp.l

synclinal, and were evidently once part of a continuous syndinorium.

The southwestern band, if so broken a series of outcrops can be so connected, is

the most important of the three. This band, though the outcrops are for the most

|.art narrow and inconspicuous, shows along its course several extraordinary fairly

vide, lens-shaped masses of very rusty granular chert suddenly rising in cattle-like

torm above the low muskeg. One of these monoliths, about 300 yards east from the

narorws between Big island and the mainland of Kabenung lake, has a width of at

kast 90 vards, but dies out at less than 175 yards in green schi.sts. This abrupt

appearance and disappearance of knobs of the iron formation is very typical of this

.^art of the area.
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The belt of iron formation which is continuous for over one-half mile from the foot

of Perry's bay of Kabenung lake to the south of White Water-Lily pond is also un-

important, having a maximum width of only thirty-five yards and dying out ij

quartz-porphyry schists to the eastward. The dip was observed to be about vertical

or with very slight inclination to the south, and the average strike about east with

variations from S. 55° E. to N. 80" E.

Lithologically, this portion of the Helen formation shows rusty banded cherts,

lianded jaspers and hard black chert. With them is associated black phyllite, and the

formation is bordered by various sericitic schists. On one of the cross valleys, cutting

the low ridge of hills, which represents geographically the Helen formation, and run-

ning at right angles to the main axis of AVhite Water-Lily pond from its western end,

some thin beds of bog iron ore were discovered. This deposit is' small and local, and

hf^nce not of much economic value.

The belt which runs eastward along the low rise from the entrance of Elmo
cteek into lake Elmo is continuous for over one mile, dying out at cither end n

"'tails" in mashed felsites and quartz-porphyries. The band has for the most part

a uniform strike, but shows major irregularities from north 80° east to south 75°

cast, besides numerous smaller contortions; and even breccias occur. It is of extremely

uncertain width, being over a hundred yards across at one point and at a very short

distance beyond rapidly narrowing to less than one-half of that width.

Lithologically, the iron-bearing rocks consist of interbanded chert and magnetite,

and of rusty granular chert. Beds of chloritic green schist of uncertain origin are in

some places interstratified, and very frequently mashed quartz-porphyry appears ii

connection with it. The latter is apparently older than the iron formation, and from

its widespread occurrence, associated with the iron sediments, it is judged that erosion

has removed by far the greatest portion of the iron formation, laying bare the under-

lying material. The lake Elmo band is thus of small commercial value.

Leach Lake Bands

Of the numerous synclinal bands and sub-bands once part of a wide synclinorium,

occurring to the east of Leach lake, only three need be conside^-ed in a detailed way.

These are bands 2, 3 and 4, which, uniting in a high hill about one-half mile to the

northeast of Leach lake, diverge towards the southeast as V-shaped, prevailingly south-

easterly pitching troughs. They are represented topographically by steep hills of

irregular outline separated by deep valleys marking where erosion has cut through the

iron formation and attacked the soft underlying schists.

The rocks of the Leach lake belt have a wide lithological variation, and show almost

every phase of the Helen formation. They consist of rusty, sometimes highly mag-
r.etic, banded chert, often soft ore jasper, sideritic and pyritous chert, rusty quartzitio

rnd granular chert, amphibolitic schist, and of small bodies of hydrous hematite an.l

of silicious magnetite.

Band 2 is a canoe-shaped trough dipping to the southwest at a high angle, or

!^tanding vertically, and having apparently a major pitch towards the southeast. The
iron formation is well exposed, and is seen to be bordered on either side by fine-grained

chloritic schists. The band has a length of about 1,100 feet and dies out in lenses in

.'-chist at both ends, and is partly covered hy sand-plain to the southeast. It has a

ijasimum width, at about 100 yards northwest of the township line, of 225 feet. This

\. idth diminishes in either direction away from the maximum point and has a'l

average of about 100 feet. The strike is as a rule uniform, running about northeast.

The chert often shows an obscure lensoidal banding which may represent a friction

breccia.

Band 3 is much the most prominent of the Leach lake bands, and is continuous

for about a mile and a quarter. Towards the northwest the belt is narrow, having an

average width of less than 75 feet, but at .'lome 500 yards southeast of the point where

it crosses the township line, it rapidly widens to 300 feet and in some places even
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more, maintaining this width for almost one-half mile. Lithologicaily and structurally

it is practically a repetition of band 2, but it was noticed that the rocks were rusltier,

more decomposed, less magnetic and more brecciated in baud 3 than in band 2. Start-

ing from its northwestern extension the strike varies from south 55° eas* to south

HB" east, asl far as a point some 500 yards beyond the crossing of the township line,

^vhere it changes more to the east and finally slightly to the north of east at its point

ol disappearance. The major pitch of the trough is probably towards the southeast

and east, and doubtless there are several minor pitches in the opposite direction not

sbown by the field relations.

About one-half mile east of the township line a wide dike of greenstone cuts

diagonally across the upturned beds, and as this dike is approached from either side,

the iron-bearing rocks become highly ferruginous and locally so much so as to be called

iron ores. At this point from various field relations it seems probable that the pitch

of the syncline is from cither side towards the dike, giving conditions fit for the for-

rtiation of an ore body on either side. Several small ore bodies actually occur on the

surface. One of these, an impure hvdrated hematite, borders the dike on the west

side. Two others on the east side of the dike occur close together and may in reality

be one deposit. The most westerly is at least forty-five feet long and slightly narrower,

while the other is apparently of much smaller dimensions and is as well much mixed

with chert. The ore is a silicious magnetite not of very high grade, as shown by the

following analyses

:

Fe. ?. P.

N.I. i:. 54.60 .OS .029

These lean oresi are indicative of possible greater quantity and of better quality

lower down the trough.

These deposits are known as Scott's prospect, and in the autumn of 1902 some

preliminary exploration was done by the Algoma Commercial Company at this point,

and several small houses erected. See sketch at page 336.

Band 4 is, in its geological structure and lithology, similar to bands 2 and 3.

It merges with band 3 towards tho northwest and dies out abruptly to the east. It

lias a total length of aln ost one mile, and an uncertain width varying from leSs than

75 feet to over 200 feet. The strike changes from south 65° east, towards the western

end of the band to slightly north of east at the other end.

Sub-band A is an offshoot from band 3 at a point some 700 yards east of the place

where that band crosses the township line.

Though the rocks of the Leach lake bands are rather poorly exposed, owing o

the amount of drift on the hillsides, still for the most part the outcrops are sufl5ciently

good to enable one to understand the field relations. Before the forest was so completely

removed by fires this would not have been so easy a matter, for to the eastward, along

the continuation of sub-band A, the forest growth is so thick and the few outcrops
"n small as to make the field sltudy most difficult and unsatisfactory.

East of Qodon Lake

About a quarter of a mile northeast of the northeast corner of Godon lake there
are two low hills of iron formation. The crests of the hills are about 160 yards apart,

and a shallow valley intervenes between the two. This low valley may indicate the
presence of nchist, but if it does not, and certainly no outcrops of schist are visible,

then the total width of iron formation exceeds 150 yards. The band narrows to tha
southward, but is continued brokenly to the base of Diabase hill—a distance of about
three-quarters of a mile. The iron formation comprises chiefly unhanded varieties
of very pyritous and often rusty cherts, and very quartzose cherts. Very small deposits
ol boa: iron ore occur near the north of the band. A specimen analyzed as follows

:

Pe. S. P.
No. 16 52.78 .14 .037
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East of Pyrrhotite Lake

The occurrence of a deposit of magnetic pyrites or pyrrhotite lying to the east

of Pyrrhotite lake and connected to it by a narrows, is scientifically exceedingly inter-

esting as exhibiting a phase of the Helen formation in which the sulphide is the

predominating mineral rather than the accessory. The dimensions of the deposit

could not be accurately ascertained, owing to the amount of drift covering, but the
Helen formation at this point has a maximum width of at least 50 feet and is con-

tinuous for quite 200 feet and probably more beneath the drift-covered hill to the

southeast, though of course the sulphide deposit is much smaller. The deposit is simply

a highly pyritous and pyrrhotitic chert, becoming rusty and much less metalliferous

along its cour.te to the southeast. Sometimes it consists entirely of pyrite and pyrrho-

tite with probably some magnetite, or again chert predominates. In places the sulphides

are oxidized, producing a rusty "iron hat" of limonite.

A very rusty, much silicified, felsite schist borders the band to the northeast and
a weathered sideritic tthist to the southwest. This sideritic schist is also interstratifieil

with the pyritous chert along its southeastern extension. The pyrrhotite does not

carry nickel. The rusty limonite gives the following analysis

:

Fe. 8. P.
No. 17 50.69 .72 .056

Some preliminarj' exploration work was carried out by the Algoma Commercial

Company both east of Godon lake and at the pyrrhotite-pyrite deposits in IDOO.

Eccles Lake Claims

The Eccles lake claims are thirty-two 40-acre claims situated east of the Magpie
river. They stretch from north to south for a mile and a quarter at a distance of 2
miles to 3^ miles above McKinnon's bridge. The claims were staked because of the

occurrence of certain bands of the Helen formation within the green schists of the

area covered. It has already been mentioned that geographically they belong witii

the eastern range, though they have a geological connection with the northern range

as well.

The whole area is more or less rough and rocky, though no very pronounced hills

exist. The valley of the Magpie is for the most part low and drift-covered, often with

a sand-plain, while away from the river both to east and west low ridges of hills are

C'vided by deep valleys. The country is completely bereft of timber, having been

burnt same four or five years ago. Owing to this fact the exposures of rock are ex-

ceedingly gocd, and the solid rock hot being much drift-covered, I had an excellent

chance to study the region, and was enabled to elucidate many of the problems which

had troubled me in other parts of the district.

The rocks of the area are the green schists so typical of the Micbipicoten district.

They con.sist of massive chloritic schists, seriticized and rusty quartz-porphyry schists,

nacreous felsitic schists, which included sheets of fjranite and porphyry, and a peculiar

lensoidly banded quartz porphyry schist, probably an autocla.st, but often bearing

a singular resemblance to a conglomerate. In the quartz porphyry sfchists, and some-

times in the massive chloritic schists, are the lenses of the Helen formation. All these

rocks are invaded by numerous dikes and bosses of dolerite and diabase, and the region

was evidently one of former volcanic activity. None of the lenses of iron formation

are of any economic importance, and most of them are too small to be even discussed,

consisting only of stringers! a few inches wide and dying out within a few feet.

Band A, l.ving about a quarter of a mile south of Eccles creek, consists of a series

of small broken lenses, running in an interrupted belt for some 800 yards. The lenses

are mostly about three feet wide, and are of blackish and whitish crystalline chert,

always intermixed with green schLsts. At half-way along the broken band (some 200

yards east of the boundary line between townships 28 and 29, range 26) the separated

lenses collect to form a decided band of blackish and whitish chert with, in some.
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places, pyritous chert, and with a great deal of green schist. The schist and iron

loimation together are at least thirty yards wide, but the total width of all tho

1' nses of iron formation within the schist does not exceed fifteen yards. Beyond this

I-oint the chert lenses soon narrow and die out in "tails'* or appear as brecciated

fragments of black and white chert or banded jasper in a matrix of soft green schist.

Band B is even narrower than the last, and is practically connected with it—tho

lenses arbitrarily specified as forming one band practically pacing into and giving

place to the lenses of the other. Like the last it consists of much impoverished

magnetic black chert.

Band C lies nearer the northwest shore of Eccles lake. It consists of a number

O' broken lenses of banded jasper occurring in quartz-porphyry schists for some thirty

yards across the strike, and is very much intermixed with schist. The lenses are

traceable for some 190 yards in the direction of the strike, which is north 70° west,

1 lit in this distance the lenses often die out and only brecciated fragments are visible

in the green schists. Again they reappear as tails to continue some sixty or seventy

fi-et, then to die out again or give place to other lenses a few feet to the south or

I orth. The widest lens! was observed to have a maximum width of eight feiet, and the

total width of all the lenses at this point was scarcely twice that width.

Band D, which occurs some 150 yards south of the last, is of much the same general

character. It has a strike of north 80° west, and dips vertically. Like the last, the

ii on-bearing rock is made up .almost entirely of banded jasper, and in places the

magnetite constituent of this rock predominates, and small seams of rather impover-

ished crysf.alline black magnetite and red hematite are found. The band was traced

v.ith several gaps, for over a quarter of a mile. It is widest some fifty yards from the

lake shore, where it has a width of about eighteen yards and consists of blue-blacK

impoverished magnetic jasper interstratiticd with red crystalline chert. Beyond this

point the bands die out, but re^appear prominently at 110 yards and again at 300

jards.

It is evident that the scattered and disconnected lenses of iron formation, observed

cu the Eccles lake claims, are the remnants of former much larger bands which have

been almost entirely removed by erosion, leaving only narrow shallow troughs to mark
irhat were probably minor synclines in a larger synclinorium before sub-aerea!

erosion had proceeded so far as it has at present.

SPECIAL ARE.AS OF THE WESTERN RANGE

Near Mouth of Julia River

Outcropping prominently on the Lake Superior shore about three and a half miles

Sfutheast of the Pucaswa river, on the prominent rocky point beyond the mouth of

the Julia river are ten narrow parallel bands of Helen formation. They differ so

"naterially from each other in lithological characteristics that it will be well to describe

caeh one separately, beginning at the most westerly, and numbering towards the east.

1. Band number 1, of rusty even-banded chert has a thickness of four feet. It is

underlain by soft green schist and overlain by diabase, which appears sheet-like but
which may be a dike cutting across the dip but parallel with the strike. Northwesterly
from the dike along the shore, squeezed porphyrites are cut by numerous diabase dikes.

2. Some seventy feet southeast of band number 1 occurs the second band. It has

1 maximum thickness of' 5 feet 7 inches, and strikes north 40° east and dips at 34°

n a northwesterly direction. It isl traceable for about 125 feet inland from the shore,

lid is then lost beneath drift covering. The overlying green schist looks agglomeratic,

'Ut is probably an old lava. The iron formation consists chiefly of jaspyllite, with
>ands of bright crimson jasper and sparkling specular hematite. Sometimes it is
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slaty and pyritous. A narrow sheet of diabase four inches thick is interstratified. The

jaspyllites are often highly ferruginous. A sample taken for analysis gave the fol

lowing result

:

Fe. 8. P.
No. 18 46.41 .05 .092

3. Band 3 lies some twenty feet southeast of number 2. It dips at an angle of

24"*, has a thickness of three feet nine inches, and consists chiefly of dark grayish

thert. The beds show many faults, of small throw, the planes! of which are cemented

bv calcite. Above the bed lies a schist of agglomeratic appearance.

4. .Sixty-five feet southeast of the third band is the fourth band—a lens of chert

two feet thick. It is underlain by evenly banded schist and overlain by a schist whicn

looks agglomeratic. The band iv traversed by a dike of diabase six feet wide.

5. Band 5, twelve feet southeast of number 4, isi ten feet thick and consists of

mixed impure jaspyllites and slates. It is underlain by a schist which is apparently

an altered amygdaloid.

6. About 12.5 feet from the last band is the sixth band, only three feet thick and

much mixed with phyllite.

7. At 25 feet southeast of number 6 lenses of jasper often very ferruginous, occur

with ferruginous phyllites, the band in all being four feet thick and underlain by

cpidotic and nacreous felsitic schista

8. Twenty-five feet beyond the last is the eighth band, which is a narrow lens of

pyritous banded chert eighteen inches thick.

9. One hundred and twenty-five feet southeast of number 8 is the ninth band,

three feet thick and consisting of chert, phyllite, etc.

10. The last band lies twenty-five paces beyond the ninth. The band consists fro-ff

the bottom up of one foot of banded chert, two feet of soft chloritic schist, then four

feet of banded, often highly ferruginous cherts and phyllites. The whole band ia

I nderlain by chloritic schists with narrow sheets of whitish felsite and overlain bf^
]

thloritic schista.

All the bands of iron formation dip at angles less thary 45° to the northwestward

The structure is apparently monoclinal, and there is no evidence of reduplication bj

faulting or folding It will be seen that in a thickness of about 293 feet of rock

allowijig an average dip of 35° for the horizontal width of 494 feet of schist, about]

42 feet consist of sedimentary rocks of the iron formation, and the rest are apparently'

wholly schists of igneous origin, or for the most part of igneous origin. These bands

lying near the mouth of the Julia do not seem to be of much economic value, unless

the content in iron increases downward as is possible, but they are interesting as

representing the type of all the western range proper—that is, of exhibiting a number
of parallel beds of iron formation interstratified with schists and having what seems

to be monoclinal structure. See sketch, page 336.

Laird's Claim

About three and a half miles north 20° east of the bands near the mouth of the

Julia river is Laird's claim, on which occur several bands of iron formation exposed,

rnd probably others beneath the drift, which though not outcropping are indicated

by a strong magnetic attraction in crossing the strike of the beds. In going north th?

most southern band ist the first prominent outcrop of solid rock which appears abov;

the sand-plain stretching north from Julia river. It rises as a low cliflt about nin<

(eet high. The band of iron formation is about thirteen feet thick at the thickesi

point and consists of magnetic phyllites and hi^hlv magnetic banded chert, composei

of impure magnetite, with bands of grayish black chert. For the most part it i£ almoT

sufficiently ferruginous to be called a lean iron ore. An analyses of a representativ

soecimen gave the following result

:

Fe. 8. P.
No. 19 36.24 Traces. .072
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Overlying the iron formation is a schistose porphyrite, while beneath it is a sott

thloritic schitlt. The band is continuous for about a quarter of a mile, and lenses

out in schikt to east and west. The formation has ia gentle northern dip of about

16° or 18°.

North from this band lenses of magnetic chert appear in the schist for over v.

Ijuarter of a mile. None of these are, however, of any prominence save the most

northerly. This band is about four feet thick and dips to the northward at about

20*". It is) not nearly so ferruginous as the southern band described, and consists

cf somewhat crumpled banded chert, under and overlain by grayish chloritic schist.

Bands North of Julia River

Stretching eastward from Laird's claim is an iron-bearing horizon over a quarter

of a mile in width. This iron-bearing horizon consists by no means entirely of rocks

o1 the iron formation, but within it occur frequent lenses and definite bands of gen-

erally very magnetic chert which are visible perhaps for a few yardsJ only or perhaps

for nearly one hundred yards, and in general the whole is very much drift-covered.

Very detailed investigations will be necessary in this locality before the value of these

scattered lenses of magnetic chert or, often more correctly, impure cherty magnetite, can

be ascertained ; but from the brief survey that we were able to give it, it would seem to

be a horizon well worth while prospecting. I would suggest the carrying out of very

careful magnetic work, and where that work warranted it, stripping, if this were as

all feasible, otherwise the sinking of test-pits or small prospecting shafts.

The most prominent of these bands occurs a few hundred yards north of the Julia

river, and about lour and a half miles north of the Lake Superior shore, north from

n point opposite the first considerable island southeast of the mouth of the Pucaswa
t)ver. The lense consists of bluish-black cherty magnetite, with which is interbanded

some whitish chert and banded grayish chert. In places it is overlain by a magnetio

f.hyllite, and again by a highly schistosle porphyrite. The band dips in a northeasterly

direction at an angle of about 33'^, and strikes north 65° west. The thickness of the

bed is rather uncertain, but it is probably twenty-four feet and may be more. For
the most part the bed is highly ferruginous. The following analysis is that of a

specimen of impure magnetite chert but there are other specimens containing a niiicli

higher content in iron :

Fe. 8. P.
No. 20 38.37 .06 1.8

The bed outcrops for about fifty yards to the westward from the highest point ot

the cliff in which it appears, and is also visible at intervals for 150 yards in the

opposite direction.

David Katossin's Claims

David Katossin's claims lie north of David's lakes, and are staked on bands of

Hon formation which occur in chloritic schists for nearly a quarter of a mile across

the strike, and extend brokenly for over a mile in the opposite direction. The widest
band which is also the most southerly, has at its widest point a surface width of 115

teet. It has a general strike of N. 80^ W., and dips at 45° northward. On the north
side of this band the iron formation consists of interbanded bluish impure magnetite
and grayish chert. In the middle it is rutlty and contains considerably sugary chert,

while on the south side it is a somewhat magnetic chert. An analysis made of a

rich specimen from this southern band gave the following result :

Fe. S. P.
No. 21 43.58 .10 .076

All the lenses and bands of iron formation on David Katossin's claims seem to b?
I't very uncertain widlh and length, and in fact this is a characteristic of tho
whole western range. The bands may have a fair width for a few yards and thea
perhaps suddenly narrow and die out, giving place to another short lens or band,
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uorth or south of the last, which in its turn will extend aome distance, and finally

give place to another. The structure of the bands is apparently a series of mono-
clinal folds. The strike varies from X. 80" AV. towards the west of the claims to

N. 50" E. towards the east where cut off bj' granite near the Pucaswa river. As a

rule the rocks consist of evenly banded magnetic cherts, but sometimes the cherts are

inipoverished, contain very little iron, and are crumpled or even brecciated. Like all

I..arts of the western range, the iron formation on the David Katossin claims is much
tirift covered and in addition it is traversed by wide dikes and bosses of diabase and
gabbro.

North of Maple Lake

Stretching from the edge of the granite on the west and extending along tha

northern shore of Maple lake eastward beyond Lost lake to Cameron lake, is an iron-

bearing horizon in which only occasional lenses of banded magnetic chert or very

cherty magnetite outcrop above the generally drift-covered surface. Xorth from a point

rear the west end of ilaple lake a baud of magnetic and quartzitic chert appears

which is at least thirty-five feet wide. It stands vertically and strikes east. This

lens can be traced brokenly as far as the creek which flows from Maple lake northward

lo a small pond. Along this creek a good section was exposed, and may here be

given in detail, measuring from the shore of Maple lake.

570 ft.—574 ft. Lens of banded black and grayish chert, interbanded with
soft grayish phyllite and narrow sheets of granite.

574 " —665 " Soft green schist.
665 " —670 " Sheet of granite.
670 " —883 " Probably all schist.
883 " —F90 " I.pns of banded magnetic chert.
890 " —927 '• Schist.
927 " ^934 " I^enses of rusty sugary chert.
934 " —992 Probably all green schist.
992 " and northward, granite.

A representative specimen of iron formation from north of Maple lake analyzed

as. follows

:

Fe. S. P.
No. 22 '29.17 .51 .076

North of Lost and Cameron Lakes '

East from Maple lake only isolated outcrops of magnetic chert appear, but it i;

evident from these few scattered exposures that the iron-bearing horizon is continuous,

and that iron-bearing rocks are interstratified with sch-sts all the way. On the hills

rather more than a quarter of a mile uorth of Lost lake three more or less definite

bands occur within a width of about 110 yards, and are continuous to the top of a

I igh hill just west of Floating Heart creek. The widest band 's about 25 yardl.

jicross, and the others not much narrower. As the dip is vertical, the width on the

horizontal corresponds with the thickness. The iron formation consists in the ma'n

of very evenly banded and rusty chert not very ferruginous. The strike is about

N. 70P E.

West of Cameron lake the iron-bearing horizon is very wide. Le ises appear on

the portage from Floating Heart creek into the north end of the lake, and again jn

lie portage from the south end of the lake into the creek again, or more than half

a mile wide. Most of the iron formation, however, is associated in a belt which starts

at the base of the prominent hill about half way down the west shore of the lake, and

if continiious west to the creek—or a little over half a mile in length. This belt if

about 1.50 yards wide and about half of the width consists of iron formation, com-

prising banded magnetic cherts, rusty saccharoidal cherts, whitish opalescent cherts

end non-magnetic banded cherts. With the.se iron-bearing rocks are associated

crenulated and contorted chloritic schists, which often resemble phyllites and soft

whitish felsitic sckists. The dip of the beds is about vertical, and the strike varies

from N. 62" W. to about east and west.
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Near Fall Creek

A great many narrow lenses of iron formation ocrur in the green schists near

the shore of Lake Superior west of Fall creek. Only a few of these are sufficiently

long and wide to deserve mention. One occurs about two and three-quarters miles

r.orth 20*^ west of the mouth of Fall creek. It is about fifteen yards wide and i^

traceable for upwards of a quarter of a mile along the edge of a high cliff rising

above Fall creek. It consists of very evenly banded grayisk and black chert. Another
lense lies in the schists some two miles northwest of the mouth of Fall creek. It

consists of weathered jaspyllite, is where widest about two feet wide, and is trace-

able for a little over one hundred yards. Two narrow bands of iron formation in

c:rcen schists may be seen on the shore of a small bay just west of Fall creek. The
V'Cstern band which is about three feet thick, consists of impure reddish chert mixed
with schist, and the eastern band whicli is three to four feet thick, is composed of a

highly ferruginous jaspyllite. The bands are twenty-five feet apart on the horizonlal, and
between them lie rusty ckloritic and sericitic schists. Both bands dip to the eastward
AC about 45" and strike N. 5'^ E. Beneath llie western band lie rusty sericitic schists,

and above the eastern band rusty chloritic schists.

Edey Claim

From the area just described, belonging to the western Michipicoten range proper,

the iron formation on the Kdcy claim differs very materially. The band has a length

of about 275 yards and a ma.ximum width of about 50 yards. A narrow band appears

parallel witli the main to the south for a few yards. The rocks are but slightly mag-

netic, and consist for the most part of highly ferruginous but non-magnetic banded

cherts and rusty sugary cherts. The structure is very complicated. The band repre-

sents the base of an intensely corrugated syncline, very much faulted, the faulting

taking place chiefly parallel with the axis of the minor longitudinal synclinal folds

vhich make up the main synclinal. The trend of the band is about N. 70" E., and

the dip of the beds usually to the northward at 50*^ to 70" The pitch in the skoit

length of the bands changes in its direction several times, and is often at as high

an angle as 45^. Soft chloritic schists underlie the Helen rocks, and owing to the

cpormous longitudinal folding and transverse folding which the rocks have suffered,

the schists are brought to the surface and appear to interstratify with the Helen

Tocks and even replace them entirely along the strike at the summits of the trans-

verse anticlinal folds. The band is not of much economic importance, since the

amount of iron formation present is probably too small to have ever produced a large

ore body.

Lorne Prospect

Some ten miles north 20° east of the mouth of the Pucaswa river, in a small

i area of hornblendic and micaceous schists, inter-sheeted with and also cut by gneiss-

oid granites, occurs the Lorne prospect. The deposit, so far as the writer knows,

s unique in the Michipicoten area, and consists of a highly mineralized zone in the

s( hists. The metallic minerals present comprise chiefly magnetite, pyrite, chalcopyrite

.'nd pyrrhotite. In a somewhat rough way the deposit may be said to have a length

of about 145 yards and a breadth of a least 48 yards. These dimensions do not mark
the limits of actual mineralization, since the hornblende schists to the eastward and
westward give a strong magnetic attraction and even contain lenses of magnetite.

The surface of the deposit consists in the main of a rusty bog-iron ore of variable

thickness, but never exceeding a few inches. Within the limits of the deposit occur

narrow streaks of relatively rich material within areas of schist of slight mineralizatio:i

01- none at all. The schists vary in strike from N. 55° E. to N. 75° E., and dip at

1 high angle northward. Narrow sheets and dikes of granite, which is often porphyritic

or pegmatitic, occur in and traverse the deposit, and a dike of diabase which runs
about N. 20° W. cuts across the beds near the western end of the hill which represents
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the deposit topographicallj-. The exact limitations of the area of hornblende schist

iti which the deposit is found, were not ascertained ; but it certainly is not wide, and
Hi porphyritic granite outcrops on the shore of McDougall lake to the northeast of

*'he deposit and at a short distance southward along the trail leading southwest to

Camp lake. It is probably but a narrow baud of Huronian schists—an inlier enclosed

by the later granite, and is but a large example of many of the smaller inclusions con-

tained in the post-Huronian acid eruptives. The connection supposed to exist between

this small area of schists, and the arm of Huronian rocks stretching westward from
Iron lake, has already been mentioned.

Magnetite is by far the commonest metallic mineral, but the sulphides are some-
times quite common. The limonite or rusty "iron hat" is probably often merely a

rusty schist. As an ore of iron, surface specimens are too low in iron and often too

•high in sulphur. Analyses were made of representative specimens taken from various

I arts of the deposit. Number 22 shows a schist containing comparatively little mag-
netite from near east end of hill. Number 23, impure magnetite from west end of

hill. Number 24, impure magnetite from south side of hill, near the main test pit

sunk by prospectors recently working on the deposit. Number 25, the rusty limonite

coating from the south side of the hill.

Pe. B. P.
No. 22 25.72 .07 —
No. 23 40.92 3.20 .014

No. 24 40.17 9.39 .024

No. 25 53.75 .34 .03

In general the last three analyses may he considered slightly higl.er thm th^

a\ erage for the whole hill, since the south side is apparently much richer than the

north side.

The origin of this peculiar deposit is uncertain. It was probably originally a bed

of ferruginous chert in chloritic schists, or interstratified beds of cherty iron carbonates

\arying in their content in lime, magnesia and ferrous oxide. By the metamorphism
oi these beds, due to the heat produced by the immense intrusions of granite, the

chloritic schists or cherty carbonates high in lime or magnesia, were converted into

hornblendic schists, while the ferruginous cherts or cherty carbonates high in ferric

oxide were changed into schists rich in magnetite. The otlier metallic minerals may
al&o have been products of metamorphism. However, this may not have been the

origin, the magnetic schists may have originally been ferruginous slates, or some Df

the metallic minerals may have been of secondary introduction, being brought in at

the time of the granite intrusion. Beneath the microscope the hornblende schists

have a somewhat igneous appearance due to the presence of the mineral plagioclase,

but this mineral is entirely of secondary origin, and hornblende schists undoubtedly
produced by metamorphism of sedimentary rocks are certainly found in Michipicoten

as seen north of Narrow lake and lake Charlotte.

A considerable quantity of low grade impure magnetite certainly exists at the

Lome prospect, and possibly further prospecting work, of which very little has yet

been done, may prove the presence of richer material. If the schists are a much
compressed series enclosed in a basin of eruptive granite, it would seem natural to

expect an enriched deposit towards the base of this basin resting on the enclosing

granite. The presence of this enriched deposit may be discovered when stripping m'

test-pitting has been carried out in the low ground around the base of the hill near

the narrow sheets of granite, or may only be located by small prospecting shafts cr

diagonal drill holes.

Resume

It will be seen from a perusal of this short disquisition on the iron formation

that by far the greatest part of the once extensive Helen sediments have disappeared.

Poubtloss enormous quantities of disintegrated ores were carried away by the strong

2-2;i M.
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glacial corrasion which has laid bare the rocks in every part of the Michipicoten

district, and these ores have by no means been appreciably replaced by concentration

since glacial times. On the other hand glacial denudation has been most unequal .n

different parts of the district, doubtless more or less influenced by pre-glacial topog-

raphy ; and whereas in some parts of the district the entire formation, both disin-

tegrated and non-disintegrated, has been removed, in other parts a considerable

I'ortion of the latter still remains, and it is to these parts attention ought to be

diawn.

In the northern range the beds are everywhere folded into intensely compressed

folds, and concentration of the ores has been found to take place at or towards the

bottom of the troughs. Only in so far as the lower part of the trough was in the

zone of corrasion would the concentrated ore be swept away. Therefore in the still

existing deep troughs, since by far the greatest part of ore concentration took place

prior to the period of glacial denudation, when the Helen formation was still exten-

sivo, it is reasonable to expect that ore-bodies of considerable magnitude may be found.

Deep troughs of this nature may be said to exist at Iron lake, at the Frances mint",

at Brotherton hill, and at the Leach lake bands, especially near Scott'a prospect.

In the western range structural conditions are very different from the northern

range. The beds are broadly folded, but not nearly so intensely corrugated as on the

northern range. For this reason we get them appearing in monoclines, or what

appear to be monoclines, though the angle of dip of the beds varies from 12° to

vertical. Gentle cross folds may traverse the monoclines, producing shallow troughs

iu which ore enrichment might be expected, or dikes or bosses of eruptive rocks, un-

doubtedly present, may have in some cases given the necessarj' basin. It is very

possible that faulting, particularly faulting parallel with the dip and strike, may bo

\ery common in both the northern and western ranges, and this may in many cases

give departures from the general rule of ore deposition and ore deposits.

In general, the iron formation at the surface in the western range is much more

highly ferruginous than on the northern range. This is supposed to "be due not so

much to any original difference between the beds in the two ranges, but to the fact

that, owing to the more broken up, brecciated, jointed and faulted condition of the

iron formation in the northern range, concentration of the iron ores at the bottoms

of troughs has gone on to a much greater degree there than on the western range.

On the whole, this may be considered an unfavorable sign for the western range.

It may be suggested that the beds of iron formation on the western range are not

sufiBciently wide to have ever produced a large ore body. At first sight this would
seem to be the case all over the range, and probably for many localities this objection

IS a good one. However, it must be remembered that in the case of the western range

we speak usually of the thickness of the beds and not of the width of the bands, as in

the case of the northern range. In the northern range, owing to the intense plica-

tion, the width of the bands represents the thickness of the individual beds, many
times multiplied. For example, in the case of the Iron lake area we have no means
of telling how thick the original bed of iron formation was, but we do know the width
of the band—often 600 feet or more. Now that width probably represents the thick-

ness of the original bed at least twenty-five times repeated, so close has been the
folding. It may be supposed that the lateral extent of the original beds of iron for-

mation was not less on the western range than on the northern range, proportionate
of course in both cases to the thickness. For this reason we might naturally expect
a,5 large an ore-body to be derived from a fairly thick bed of wide extent, along the
strike and down the dip, as from a wide band of considerable depth, within the
limitations that the amount of iron formation was approximately the same in both
cases, that the two iron formations were equally rich in iron, and that the means
by which concentration took place were equally good for both. Among localities of

fairly favorable appearance on the western range may be mentioned Laird's claims,

Julia river bands, David Katossin claims and Lost lake.
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In general, the exposures of the Helen rocks are not nearly so good on the

western range as on the northern, and the structure in many cases could not be S3

v.ell ascertained in the former as in the latter. The great folding on the Edey claim,

as compared with the comparatively gentle folding on the Julia river bands and else-

where, may be explained by the fact that the Kdey claim is close to the centre of

greatest plication (close to the edge of the granite), whereas the more gentle folded

areas are more remotely removed. For a similar reason, the beds of iron formation

fiom Maple lake to Lo^st lake stand at higher angles than those of other localities.

THE UPPER HURONIAN

Dore Formation

In a general way the Dore Formation is spoken of as the Dore conglomerate, but

there are Dore agglomerates, Dore tuffs, and Dore slates, contemporaneous with the

conglomerate, though the latter composed by far the greatest part of the formatioa.

PETROGRAPHY OF THE CONGLOMERATE
The Dore conglomerate is the most extensive true waterlaid sediment in the

region. It is an exceedingly mashed rock consisting of a rather fine-grained matrix
ill which are embedded fragments of every size from those truly microscopical up *3

ethers two feet in diameter. All the pebbles are elongated, some nearly oval-shaped,

others drawn into long narrow ribbons, or again completely granulated, their character

lost and oven under the microscope scarcely distinguishable from the matrix proper.

Megascopically, the matrix often resembles a soft grayish chloritic schist, very mucli

decomposed, occasionally rusty, and where pebbles are absent in some places indis-

tinguishable from a schist formed from an igneous rock. Beneath the microscope
rlie prevailing clastic material of the matrix consists of quartz and chlorite, the former
in small rounded grains, the latter in irregular frayed flakes. > ^A'ith these primary
minerals occur a great deal of .secondary infiltrated carbonate, often more or less

oxidized with the formation of hydrous iron oxide; mucli chalcedonic silica, much
srricite, fairly coarsely crystalline quartz ; foils of muscovite and idiomorphic crystals

of pyrite. This latter secondary material occurs as re-cementing substance chieflv

with the crushed and granulated matter formed from the contusion of the smaller

pebbles. These crushed pebbles, generally derived from rocks of igneous origin, mix
with the altered material of the original matrix strained plates of various decomposed
feldspars, and more or less worn grains of much altered ferro-magne.sian minerals

Thus the matrix is given in many places the appearance of a typical igneous rock, and
with all the pebbles comminuted, might easily be mistaken for a rock of that origin

;

lut as a rule the real nature of the rock is apparent in the field and the extreme
phase of dynamic metamorphism is rarely seen even beneath the microscope. Even
where the matrix includes no additions derived from the pulverization of the pebbles,

it contains comparatively little original njaterial and consists chiefly or in great part

of secondary minerals. Thus its former character is entirely changed, and little cluo

as to its primary condition is gained by its microscopic study. Probably it was
originally a rather sandy, argillaceous material.

In some parts of the areas, as southwest of Black Trout lake, near the Magpie
river, the matrix of the conglomerate very strongly resembles a rusty sericite schist

—and since it contains many rounded fragments of bluish quartz, it has the general

appearance of being an altered quartz porphyry. In addition to quartz grains the

matrix contains zircon, magnetite, and altered feldspars which are probably primary

fragments, and biotite and chlorite which may or may not be secondary.
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Like the matrix, the pebbles are much decomposed. The following rocks are

If presented : chert, quartz, quartz-porphyry, massive basic igueous rocks, fine-grained

s.' histose rocks of various colors, porphyrites, black slate, and finally in places granite.

Ir was seen that the proj)ortion of these rocks to each other varied greatly from point

tc point. In some places, particularly adjoining the iron formation, cherty rocks

{.redominate, or are at least of great consequence, while farther away they are entirely

wanting. Pebbles of a light colored soft rock, with blebs of glassy quartz occurring

in a sericitic ground-mass—probably an altered quartz-porphyry—and others of a

grayish much altered and generally porphyritic granite, are perhaps in general the

most common. The pebbles of the former sort are probably derived from the mashed

quartz-porphyries which form such an important part of the volcanic rocks of the

Lower Huronian, but the derivation of pebbles of the latter description is not so easily

found, and to my knowledge there is at present no similar granitic rock of age earlier

than the conglomerate exi.sting in Michipicoten from which these very characteristic

D(irc conglomerate, near Michipicoten Haibor.

pebbles could have been derived. It is very likely that pebbles of the softer schists

and less silicious rocks were originally much more common than they are at present,

and often are still seen, but the intense shearing which the formation has undergone
has as a rule so broken them up that they are no longer visible or are indistinguishable
from the matrix. In soniQ places the pebbles in the conglomerate are so closely packad
as practically to exclude the matrix, again the matrix may very much predominate
and pebbles be visible only at wide intervals. The granitic pebbles do not general'

f

resemble the post-Huronian granites. They are much more porphyritic than is usu.al

with the granites of that age.

The quartz pebbles result evidently from the disintegration of the small stringers

and \-einlcts of this mineral which are of common occurrence in the Michipicoten
schists, but not from the larger veins which are probably of later age than the coa-

glomerate. The pebbles derived from the Helen iron formation included in the Dore
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couglonierate are mostly of the coarsely granular chert or "sandstone jasper" type,

though a few show distinct banding and are obtained from impoverished bands.]

jaspers. The occurrence of these pebbles of banded jaspers seems to me a further

pi oof that not all of these rocks composed of interbanded layers of iron oxide and of

chert, have re.sulted from the metasomatic alteration of cherty carbonates, since thcM'

alterations could not have taken place beneath water and the disintegration of th3
Helen formation started as soon as it was elevated above water.

The pebbles of the massive basic igneous rocks are so much changed that their

criginal character can barely be guessed, but it is presumed that they are derived

from the coarse-grained greenstones, often schistose, which are so common near the

base of the Lower Huronian series. Pebbles of the more easily decomposed schists are

scarcely visible in the conglomerate, save as long drawn out ribbon-like lenses and
these, completely chloritized, so much resemble the matrix as to be indistinguishable

fiom it, save occasionally by the difference in color in the hand specimen. A few

J
ebbles of black slate or phyllite were observed in several places, and the fact of their

occurrence in the conglomerate is of interest in showing that at least some of the

rocks of this character belong not to the Upper Huronian but to the Lower.

PETROGRAPHY OF THE AGGLOMERATE

At some few places associated with the conglomerate and grading imperceptihly

into it, is a soft greenish schist containing numerous rounded, lensoid or ribboned

I'-ebbles, or more correctly what at first sight appear to be pebbles, but which on closf^r

examination are seen to be all lithologically similar, and are apparently bombs, lapilli,

or other volcanic ejectamenta. The matrix of this agglomerate very closely resembles

megascopically that of the Dore conglomerate, but microscopically the igneous origin

of the former is shown. In the field the pseudo-pebbles weather lighter than th^3

matrix, giving it a peculiar blotched appearance which is very distinctive. Typical

exposures of this pyroclastic rock are visible on the portage from Pitch-pine lake fj

Ibe Dog river and on the portage from the Frances mine to the Dog river.

In both these instances the agglomerate is directly interstratified with the con-

glomerate. Where, however, agglomerates occur which are not directly associated

with conglomerates, then it is not so easy to consider them of Dore age. Agglomeratic

rocks which are probably Lower Huronian in age are common, and these can hardly

be distinguished from those of Upper Huronian age. Agglomerates appear on th.?

shores of the sixth lake north of Dog River harbor, on the route to lake Michi-Biju,

which are of uncertain age. The ground-mass is a light green'sh, chloritic, felsit>c

schist, in which are embedded the felsite and quartz fragments, elongated parallel to

the schistosity. Similar rocks are found on the Lake Superior shore, about two miles

west of the Dog river ; on Catfish creek, some three miles north of Catfish lake ; at

the northeast corner of Catfish lake, and at many other points. Without direct

association with Dore conglomerate there is no reason why these rooks can be classed

with them, and for the present they are considered Lower Huronian.

A somewhat rare phase of the Dore agglomerate is one in which the larger frag-

liients disappear. The agglomerate may then be considered a tuff. From the occut-

rence of the Dore agglomerate it is evident that volcanic activity continued durmg
Upper Huronian times, laying down volcanic beds in connection with the waterla-d

sediments of the conglomerate.

At a great many places in the Dore formation extensive and unequal denudation

has brought to the surface the underlying green schists, some of which, as already

described, are altered tuffs. These may resemble the agglomerates and fine-grained

tuffs contemporaneous with the Dore conglomerates, and may not easily be separable

from them.

1.1
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PETROGRAPHY OF THE SLATE

A somewhat uncommon phase of the Dore conglomerate is one in which pebbles

are entirely lacking. ThLs is practically a slate or phyllite, closely resembling the

argillaceous rocks belonging to the Lower Huronian, with which it might be erron-

eously classed from lithological considerations, were it not for its intimate connection

vvith the Dore conglomerate. The long point which divides Minnesota bay from the

southwestern bay of Iron lake is composed at least in part of this Upper Huronian

iKirO C'i>Hglomerate, Iron lake

.

phyllite, and similar rocks occur with the Dore conglomerate, just east of the mouth
ci the Dog river.

The Dore conglomerate must not be confused with the various pseudo-conglomer-

ates which occur so widely and are almost indistinguishable from the water-formed

rock. Several of these have been already described. They are usually autoclastic

locks, and a typical example is that resulting from the brecciation and subsequent

rounding by mashing of small lenses of ja.sper and quartz occurring in soft quartz-

porphyry .schists. This phenomenon is well observed on the Eccles lake claims, where

in places the sericitic schists form the matrix of false-pebbles of quartz jasper.

DISTRIBUTION OF THE FORMATION

The distribution of the Dore formation is extensive throughout northern Michi-

picoten. Starting near the entrance of Farwell creek into the eastern branch of the

Puca,swa river on the west, it extends as a continuous belt in a direction north 70"^

east to the south shore of Iron lake. South of the western end of Minnesota bay the

formation outcrops for slightly over a mile across the strike, and as a sand-plai i

1 orders it to the southward, this width may be somewhat increased. From Iron lake

fhe band gradually narrows, and where it crosses the Dog river is probably under haif

a mile in width. An isolated outcrop of the conglomerate filled with chert pebbles,
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occurs in the eastward continuation of the trough between the two bands of iron

formation on the Katossin claim. This outcrop is probably one-quarter of a mile

north of the main belt of the Dore formation, and indicates its former greater ex-

tension. The pliyllites occurring at the Rapid of tlic Drowned on the Dog river and

cut by a small dike of acid quartz porjjliyry at the soutlicrn end of the portage from

Pitchpine lake to the Dog river, are probably of Dore age.

Prom the Dog river the formation runs east towards Paint lake. At the wester i

end of the lake no outcrops of the formation were seen, but it reappears north of

I'aint lake and continues eastward to Kabenung lake, just south of and opposite

Iscrhoff island, where it is cut off by granite intrusives. North of Paint lake the

Dore- formation is nowhere continuous and unbroken, exposures of the conglomerate

alternating with outcrops of sericito schists, and other earlier rocks. Kvidentlv

erosion has cut through the later rocks and exposed the underlying. An isolated

r.ppearance of a conglomeratic looking rock was seen about half a mile west of Cray-

fish lake, just beyond the boundary of the granite. It is doubtful whether it is to

be connected with the Dore formation.

North of the Kabenung granite mass, the Dore formation reappears along

the north shore of lake Charlotte. West of lake Charlotte outcrops of the conglomer-

ate are wanting as far as the northern neck between east and west Kabenung lake,

xrhere the formation is observed to be running about southeast, and it continues

in this direction as far as White Water-Lily pond. Here it turns abruptly and passes

olt to the north of Leach lake in a more or less ea.sterly direction, than northeasterly.

North of Water-T/ily pond the width of the formation is some 700 yards, but appear-

ing frequently with the conglomerate are outcrops of the mashed quartz-porphyry,

again showing that erosion has eaten in many places through the Upper Huronian
and brought the older rocks to the surface. North of Leach lake the Dore formation!

bends around the intruding granite boss, and passing to the north of Lonely lake

crosses lake Desolation.

Eastward from lake Desolation no rocks certainly belonging with the Dore con-

glomerate are found, but there are rocks which may be part of that formation and I

which are tentatively classed with it. These rocks wiiicli consist of a fine-grained I

cliloritic and micaceous matrix, with many "pebbles" or what appear to be pebhlesl

of granite, felsite, and rarely quartz embedded within it, may be conglomerates ; but!

from the fact that no definitely claslic material is discoverable beneath the microscope

they cannot be definitely said to be water-formed. Moreover, the pebbles consi.st in

the main of the same elementary minerals as the ground-mass, which gives it the

ceneral character of a volcanic breccia or agglomerate. However, the fragments are,

fiequently rounded and resemble pebbles or cobbles worn in or by water. Again, on
the other hand, they are sometimes drawn into long lenses, but certainly true con- .

glomerates contain pebbles drawn into similar lenses. Another point which seems >

to suggest their not being true conglomerates is the absence of pebbles of all rocks.

not of the same character as the matrix, save quartz. "Fragments" of quartz arc

comparatively rare, and those found may not in reality be true fragments, but maj
be material introduced by solutions after the laying down of the rocks, since they ar<

generally long and lensoid, like tiny veinlets. In the field, however, these rocks looK^

distinctly like conglomerates and are at present considered as such. They outcrof

at about two and a half miles north of lake Pasho-Scoota, southeast of the lake O'

the north boundary of township 29, range 2G, near Evans creek, and on the easteri

side of the Magpie on Cradle Creek, less than a mile above its mouth. At the last

named place the fragments of granite and granitic rocks are particularly common i

the matrix. One thing that may be remarked in connection with these doubtfu
ccnglomerates is that they always occur close to the edge of the granite.

Bands of conglomerates appear on the southern boundary line of township 2f'

range 26, at and below McKinnon's bridge, at the Steep Hill portage on the Magpiil

and near Black Trout lake, and a wide area extends eastward from the mouth of tl
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Dore river for some six miles. The Dore river band has been described by Professor

('oleman'6 and need not be mentioned here. The Dore conglomerate southwest of

Black Trout lake has, as has been mentioned, a ground-mass very much resembling

a quartz-porphyry schist. The pebbles consist chiefly of quartz porphyry, granite, anJ
quartz, though narrow lenses of dark greenish material may represent drawn-ouX/

gieen schist pebbles. Often the rock has a distinct agglomerat'C appearance, and
Piay indeed sometimes be an agglomerate.

( iiU'is.<-a,i;giuimT;ite. tiadlr cret-k, Michiiiicoteii.

The conglomerate which, occurs just above and just below McKinnon's bridge oi
Ihe Magpie river, contains pebbles much squeezed and elongated, parallel to the

foliation, and varying in size from those visible with the microscope up to others sis

inches long. Felsite and acid porphyrites are the commonest pebbles, but several 'jf

ivsty chert may also be observed. The phylHtes which appear on the right bank oi

the river just below the conglomerate, are apparently of the Dore formation. They
are for the most part almost black, but have interbanded, much narrower bands of

light gray phyllite, which is sometimes somewhat coarse-grained and resembles a

graywaoke. The outcrop shows well the relationship existing between true bedding
and cleavage. The bedding planes strike N. 34° W., whereas that of the planes of

schistosity (or slaty cleavage) is N. 60° W. The true dip also is vertical, whereas the
dip of the planes of schistosity is in a northeasterly direction at about 60«. The out-
crop very strongly resembles that of phyllites and arkose on Reed lake already
described. It has already been mentioned in describing that occurrence that the age
of these rocks was uncertain, and they may in reality be Upper Huronian.

Tn the western Huronian area, outcrops of the Dore formation are rare. There
IS a characteristic exposure of Dore conglomerate with associated phyllites just east

of the mouth of the Dog river. This band runs in a direction N. 40° W., and I

16 Eighth Rep. Bur. Mines, 1899, p. 132; Ninth Rep., 1900, pp. 183-4, and Eleventh Ren.,
1902. pp. 155 and 162.
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believe crosses the Dog river a short distance above its mouth. The most common
pebbles are of granite, and nest to granite those of chert. The schist pebbles aro

much flattened, and all pebbles are elongated parallel to the foliation. None of the

pebbles are very large, those six inches long being about the longest. There is a

wide outcrop of Dore conglomerate near the eastern branch of the Pucaswa river^

southwest of lake Ellen. The ordinary pebbles occur and the matrix is of character-

if.tic appearance. The width of the band is at least a mile at the widest point, but

la this distance earlier rocks than the Dore conglomerate appear at the surface an J

indicate the removal by erosion of part of the conglomerate, and tTie laying bare li

the underlying rock.

It is impossible to estimate the thickness of the conglomerate in northern Michi-

picoten, owing to its complexly folded character. It has been observed that its width

scuth of Iron lake Ls at least a mile. At this point folding is particularly close, an;l

its beds are almost all standing in vertical attitude. It is probable that the thicknes.-?

is many times repeated. Secondary structures are strongly developed. Cleavage ami

schistosity are parallel to the axes of the isoclinal folds, and to the boundary betwe!?n

the Helen formation and the Dore formation. Truly ascertained bedding is seldom

seen, excepting in the more slaty varieties of the conglomerate. In the conglomerate

occurring just east of the Dog river, considering the dip to be uniform at 90" or

vertical across the bed and presuming there is no reduplication, the width and

thickness correspond at 109 yards (68 yards conglomerate and 41 -J- yards phyllite).

THE POST=HURONIAN ACID ERUPTIVES
Note.—To accord with the new system of Archean nomenclature, and also to correspond

with previous mapping of the region by Professors Coleman and Willmott, these rocks shoald,
in part at least, he called "Laurentian".

—

T.W.O.

The post-Huronian acid eruptives consist of granites, felsites, syenites and quartz-

jorphyries. These rocks are all more or less sheared, but never as much so as are

the acid schists which they intrude, and this fact is occasionally a method of dis-

tinguishing them from the older rock. As they are intrusive through the Lower
Huronian schists, and the Helen formation, as well as through the Upper Huronian

Dore conglomerate, they are of course younger than these formations. This relation

is obtained from ample evidence seen along the contact of the granfte with, the various

lormations, and representative instances will be given later.

So far as certainly known, all the post-Huronian acid igneo\is rocks were eruptiv'?

rather than effusive, but some of them may have been the latter, as shown by an

Lsclated example to the northwest of Iron lake, where a devitrified lava, probably a

t! achyte, with a felsitic ground-mass, shows faint evidence of flow-structure, From
this single occurrence little information can be gained, but doubtless very careful

study along the contact of the Huronian rocks with the po.st-Huronian acid eruptives

would do much to elucidate this as well as manv other difficult problems.

il
Petrography of the Eruptives

From a textural standpoint the acid eruptives are divisible into two distinct

phases—the porphyritic facies, and the granitoid facies. To the former belong not only

the quartz porphyries, and syenite porphyries, but the felsites which are always more

or less porphyritic with feldspar phenocrysts. To the latter belong the granites anl

syenites.

The post-Huronian quartz-porphyry does not differ materially in macroscopical

pppearance from the rocks of the same species belonging to the Lower Huronian, save

as a rule in that the former is less porphyritic. fresher, and somewhat less strained

than the latter, but sometimes near the contact they are almost indistinguishable.
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Tlie typical quartz porphyry shows an aphanitic ground-mass dotted with varioa.s

phenocrysts. Beneath the microscope the ground-mass is seen to Be ahnost micrj-

tplsitic in texture, and to consist of various feldspars (hardly recognizable but prob-

ably orthoclase, microcline and acid oligoclase) with biotite, hornblende, and quartz.

Muscovite is a common secondary product of the feldspars, and with it is often

associated some carbonate. The biotites are often chloritized. Pyrites is a common
accessory. In this ground-mass are embedded the comparatively large phenocrysts

of quartz, with others of orthoclase and acid oligoclase. Many of tiie quartzes are

granulated, and those which are still intact show undulatory extinction. The feld-

spar phenocrysts, always strained, are surrounded by a halo of degradational minerals.

By an increase in the quantity of feldspar and in the ground-mass, and by a

decrease in the number of phenocrysts, the quartz-porphyry grades into a felsite.

Bj a decrease in the quantity of quartz both as phenocrysts and in the ground-mass,

fnd a relative increase in the number of feldspar phenocrysts and of biotite and

hornblende in the ground-mass, the type passes into a mica syenite porphyry. This

is really the transitional rock between the rocks of porphyritic texture and those or

gianitoid texture, for though it contains numerous phenocrysts, the ground-mass

is not felsitic but granitoid. In some cases tlie phenocrysts are so common as almost

to exclude the ground-mass. They are often large and consist of oligoclase i .^n^^ Ab;.,)

iiicrocline and microperthite. Oligoclase in large automorphic plates is the most

Cimimon species. It occasionally shows zonal decomposition, and is with the othiT

feldspars much squeezed, sometimes comminuted, and often surrounded by rings of

secondary minerals. The ground-mass contains the original minerals biotite, quartz,

apatite, titanite, pyrite and the feldspars. Biotite is not a very common mineral,

and is sometimes chloritized. Quartz is rare, but secondary chalcedony has developed

from the decay of the feldspars. Apatite occurs as inclusions in the feldspars and even

in pyrite. Titanite is common within all the feldspars as small irregular rhomboids

ana occurs independently in large granular masses. Pyrite exists in regular squaro

I

Hnd triangular forms. Calcite, muscovite and secondary microcline are alteratioi

products of the original feldspars.

From the ground-mass of the mica-syenite porphyry the norma' granite type

differs only in an increase in the amount of quartz and a decrease in the amount of

piagioclase, as compared with orthoclase. As a rule it is a medium to coarse grained

icck containing the following original minerals—quartz, microcline, orthoclase, oligr>-

clase, biotite, rarely hornblende with titanite and apatite. The rock is always sheared,

nil the minerals show strain, and zones of granulated quartz with various metamor-
I'liic minerals; muscovite, epidote, chlorite, calcite, etc., occupy the spaces betwee i

the larger but always more or less corraded individuals.

By a decrease in the quantity of ferromagnesian minerals the normal gran'te

passes into a quartz-microcline granite, almost free from ferromagnesian minerals.

By an increase in the ferromagnesian minerals, and by a decrease in the amount of

iiuartz, the rock becomes a hornblende granite or normal syenite. The quartz micro-

cline granites, hornblende granites, and syenites are all common rocks in the acid

fvuptive complex of Michipicoten.

The post-Huronian acid eruptives which enclose the areas of Huronian rock=!,

are of extremely irregular outline, but they are all apparently connected with the

immense area of gneissic and granitic rocks which form such a prominent part of th<>

Archean of Central Canada. However, considering the slight knowledge of the granites

' and gneisses lying north of Michipicoten, this may seem rather a bold statement, and
'C is probable that there are granites and gneisses of more than one age in this huge
complex.

Distribution of the Eruptives

Beginning at the Magpie river on the east, the boundary of the acid eruptives
may be traced as follows. The boundary crosses the Magpie about one mile south
r>f tke foot of the Long Rapid. It then strikes northwesterly, north of the lake oa
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li-e northern boundary of township 29, range 2(5. Thence it follows a somewh.it

westerly course to the eastern end of Kabenung lake, and beyond that body of water

north of lake Charlotte to lake George. It then siiddently turns east, and crossing the

Dor river near the mouth of the Crayfish, it continues an eastward course south of

lake Charlotte. Thence it bends southeastward, and encloses Big island of Kabenung

lake, forming the Kabenung granito boss. From Kabenung lake the boundary sends

off an apophysis which cuts the Helen formation at mount Raymond. It then bends

north and recrosses the Dog river at the head of the rapids, just north of Heart lako.

Fiom the Dog river its course is in a general west-southwesterly direction, as fac

as a point about seven and a half miles west of Ellen lake. Here the Huronian rocks

seem to die out, and the granite boundary turns east, and running first in an east-

northeasterly direction and then straight east, it crosses the Dog river just below

the mouth of Ekinu creek. Thence it continues eastward and crosses the northern arm

of .Jimmv Kash lake. From Jimmy Kash lako it runs northeastward to Lac Poisson

.loiiited granite, Lake .Superior ^bnre, near Eagle river.

Gris and encloses Leach lake. From Leach lake it bends southerly and then south-

westerly, crossing the southern boundary of township 31, range 26, near the crossing

oi the Dore river. Thence it bends southeast almost to Catfish lake and then turns

nore southerly to Black Trout lake. From the southern end of Black Trout lake it

pursues a general southwesterly course, south of Dore lake, reaching the shore of Lak<

Superior between the mouth of the Dore and Little Bear rivers.

Occasional very small isolated outcrops of Huronian rocks are said to appear

along the shore of Lake Superior westward from the mouth of Little Bear river ; but ni

decided Huronian area is seen until a point about one mile west of Mountain Ash rivei

is reached, and this may be said to be the boundary between the post-Huronian acid

eruptives and the Huronian rocks. From here the line between the two series ruus

northeastward to the Dog river, which it crosses about eight miles above its mouth

It then turns southward and crossing the western bay of Duck lake, it continues tb-
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same course for about two miles, where it bends eastward to a point about three

miles north of the mouth of the Eagle river, whence its course to the Lake Superior

short is about south.

For fifteen miles west of the Eagle river granites prevail along the Lake Superior

shore, then near Pilot harbor schists reappear. The boundary between the schists

and the granite strikes north-northeast from this point to the eastern branch of the

I'ucaswa river. It then bends in a generally easterly direction to the shores of lake

Aficlii-Biju, of Michi lake, and of Katzenbach lake. Thence it turns south

follows close to the eastern margin of Katzenbach lake, and then bends west around ths*

South of lake Jliohi-Biju. Froni the western bay of this body of water it strikes

Bouth-southwest to Floating Heart lake, whence it runs west-southwest north of

Lost lake and Maple lake. West of Maple lake it bends easterly again and pursues

a general east-southeasterly course for about six niilos, then it turns northeasterly

Laurento-Hurrjuiaii C(.intact, near liigle river, Lake Superior.

I for four miles, and then generally easterly for four miles as far as the crossing of

;he boundary of the Michipicoten Mining Division. Thence the boundary gradually

( :ircles around from east to northeast, then north, and then northwest, and finally

1
ivest to Miron lake. From Miron lake it bends northwesterly as far as a point three
ind a half miles west of Ellen lake. From this place its course to the Lake Superior
hore is about west-southwest, a distance of some miles. I have placed the boundary
(t'tween the post-Huronian acid eruptives and the Huroniau rocks on the point be-

veen Richardson's harbor and the mouth of the Imogen river. Previous geologists

1 the area have put it at Otter Head, some six and a half miles farther west. I
ave placed it on the point west of the Imogen because the few areas
f schists which appear west of this point are small and unimportant, and ar3
pparently merely inclu.sions within the predominating granite. On the other hand,
'<'

^
prominent areas of post-Huronian acid eruptive rocks occur eastward from this

omt until the large area of granite near Pilot harbor commences
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Besides these large areas of granite which enclose the Huronian rocks, there are

many dikes and bosses of post-Huronian acid eruptives which are found within tho

limits of the Huronian rocks.

Contact with the older rocks

Among the post-Huronian acid eruptives there is a tendency to assume the po.'

phyritic or felsitic phase towards the contact with the older rock, while away from

tke contact the coarse-grained granitoid type prevails. Furthermore, it was noticed

that these porphyritic or felsitic rocks were in some places near the contact '^o

schistose that often they closely resembled the Lower Huronian acid igneous rock.=i.

;;nd the boundary was in these places, in consequence, delineated with some difificulty.

This highly foliated phase of the acid rocks is more common towards the edge of the

main mass, or its larger offshoots than in the less prominent bosses, and often the

emaller apophyses injected into lower formations are coarse-grained. It may be

presumed tliat the latter were intruded in depth, while the former owe their por-

phyritic and felsitic character to intrusion n^t far from the cooling influence of the

surface.

Aiitii-liiial structure, shown by folded slieet of granite, near mouth of Eagle river, Lake Superior. !

A very interesting contact is that seen north, of lake Charlotte. This body of ,

water is situated in the long, narrow, westwardly opening embaymeut of Huronian

rocks bounded to the south by the Kabenung granite boss, and tw the north by th(

main mass of post-Huronian acid eruptives. The contact here described is probably

mapy times repeated along the edge of the Huronian areas, but at this particular

point it is better shown than elsewhere because all the vegetation has been remove<

by a fire which swept the country around lake Charlotte. The rocks exposed along thf

northern shore of the lake include banded rusty cherts, hornblende schists, micaceoui

.schists and epidote schists. The hornblende schists are for the most part bande'
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cherts changed by contact luetamorphism, and the micaceous and epidotic schists,

chloritic schists similarly altered. With them are interstratified narrow, very light

colored silicious quartz-porphyry sheets. Passing northwards from the lake the sheets

of quartz-porphyry and gneissic felsite increase in number in the schists, the sheet;

become wider, and the bands of schist narrower and more intensely metamorphosed.

Numerous apophyses connect the various sheets. Still fartker north the irruptive

rocks prevail over the invaded, and at a little more than a quarter of a mile back

f;om the water alone appear.

Folded sheet.< of granite i ? i or felsite i?) near nioutli of Eagle Kiver, Lake ^^uperior.

South of lake Charlotte and between that body of water and Nematequin lake

occurs the contact of the green schists with the Kabenung granite boss, which is

entirely different from th/o northern contact. It is abrupt, decided and closely

demarcated. The granite is coarse-grained and often porphyritic, encloses numerous

fragments, and sends off short apophyses into the schists.

The best visible contact of the acid eruptives with the Helen formation is that

seen at mount Raymond, just west of Paint lake. Here an arm from the K.abenuU'j

granite boss cuts across the belt of Helen sediments. The alteration of the Helea

sediments to various amphibole schists, of the slates to epidote schists, and the occur-

rence of wide veins of quartz and of deposits of very impure magnetite—all contac''

phenomena due to the intrusion of the huge granitic mass—have already been described

The changes in the intruding rock a gneissoid granite porphyry, are also interesting

The immediate edge of the boss is highly foliated and towards the centre it is coarse-

p.vained and but slightly schistose. Numerous fragments both of the iron formation

end of the schists which border it, are enclosed within the irrupitve toward the edge.

The eruptive relations of the post-Huronian acid igneous rocks with the Dore
formation are not so well shown in the northern part of Michipicoten as in the southern

part. However, on the shores of East Kabenung lake and to the south of lake

Charlotte, narrow dikes of granite, apophyses from the Kabenung granite, cut the
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formation. An excellent contact of the Dore formation with the post-Huronian granite

occurs on the Lake Superior shore a few miles west of the Dorc river, and distinctly

shows the irruptive relations of the latter.

.Somewhat interesting is the geological section exhibited along the Lake Superior

shore from Otter Head eastward. Owing to the constant washing of the waves

the rocks are excellently exposed, and the relations existing between them well shown.

At Otter Head tke rocks consist of small areas of evenly b.andcd gneiss, ordinary light

rr-ddish gran'te, coarse-grained pegmatite, quartz and calcite veins, and diabase. The
frneiss is composed of alternating bands ono-quarter of an inch and less in width of

dark colored minerals, chiefly biotite. and of light colored minerals, chiefly ortholcase,

ciigoclase and quartz. The light colored gianite, which is probably the commonest
reck, is a typical post-Huronian eruptive. The pegmatite, consisting chiefly of largo

individuals of feldspars, quartz and biotite, was probably formed as the result of

steam acting upon the hot granitic magma, either during or immediately following

its intrusion. The veins are later than either granite or pegmatite, but probably

they owe their origin to the circulating thermal waters which followed and were the
result of the granitic intrusion. Eastward from Otter Head the inclusions of gneiss

appear of finer grain, though always very evenly banded. Gradually they become
more common, increase in width, become definite bands alternating with areas of

firanite and more closely resemble the ordinary types of schist. Sometimes the bands
of schistvs are crossed by dikes of granite joining two sheets of this rock. Finally,

at about sis and a half miles east of Otter Head, the granites give place to the schists

and the Intter become the prevailing rock.

The patches of acidic gneiss which occur at Ott«r Head are interesting a?, exhibit-

ing a rock which is very common in the acid eruptive complex stretching northward
towards James bay, often in considerable areas. It is my opinion that this acid

gneiss represents a much metamorphosed quartz-porphyry or the metamorphosed
plutonic equivalent of a quartz-porphyry, and that it is of the same age as the Lower
Huronian acid schists. My reasons for thinking that this gneiss is of the same
age as the Lower Huronian schists are

:

(1). All around the contact of the post-Huronian granite with the Lower Huronian

schists, we find these areas of gneiss, and there seems often (o be gradual transitions

between the true gneiss and tke schist inclusions, similar to but more metamorphosed

than those schists outside the granite. (See north of lake Charlottel.

(2). There is no evidence of greater straining of the minerals composing the gneiss

than of the minerals composing the quartz-porphyry schists.

(3). There seems to be no unconformity at the base of the Lower Huronian (iT

for that matter we know what rocks of the Lower Huronian lie at its base).

I have mentioned the fact that there is found very commonly in the Dore con-

glomerate a certain sort of granite pebble very characteristic of that formation, and

that no earlier granitic rock is known which could have supplied these pebbles. Now
this granitic rock must either have been entirely removed or completely covered bv

later rocks, or else have changed its state, been re-fused or re-granitized. It can

hardly have been altogether removed or covered because the area is large and th

»

granite pebbles of this sort occur everywhere within the Dore conglomerate. In favo"

of the hypothesis of a chanqre of state there seems to be visible support in the many
areas of acid gneiss within the granites,'^ and in the fact that these gneisses wherever

they occur, have a peculiar irregular contact with the granite, as if the gneisses haJ

been re-fuvsed or in some way re-crystallized. Perhaps the word "re-granitizatior."'

is better than "re-frsion" since in our present knowledge of granites it is not known

v/hether or not they are a product of fusion. Thus the areas of gneiss may represent

the metamorphosed remnant of the rock, from which the granite pebbles of the Doro

i''The«e arons of acid gneis.'^ greatly predominate over the e'-onites in the aeid ieneons eompiex. e«T>eo-

iallv northward awav from the contact* The pneis«e.« and ffrnnite are penerally cla.'i.^ed tngo'her as Lanrenlian
and are often very dilhcult to ,«eDarate ; hnt it will he understood that the granites and allied rocks are con-
eidered Post-Huronian— the gneisses. Lower Huronian.



1905 Iron Ranges of Michipicoten West 353

conglomerate were derived. During the folding of the Huronian rocks and in the main
the direct result of it, came the re-granitization of the Lower Huronian acid igneoai
rocks, which must have existed in quantities largely predominating all other rocks

and the consequent intrusion of vast masses of granites and allied rocks. This is

rather too large a question to be considered here in further detail.

Most of the quartz and calcite veins which appear in Michipicoten were the direct

result of the granitic intrusions. Some smaller quartz veins must have existed before

Upper Huronian times, as evidenced by the presence of quartz pebbles in the Dore
conglomerate. The post-Huronian veins are probably for the most part of the type

of fissure veins. Veins are rare in northern Michipicoten, but they are of common
occurrence in the western area. Just at Otter Head there is an interestino; vein of

Big quartz vein, Lake fSuperior shore, near mouth of Pucaswa river.

orthoclase and calcite, parallel with the structure of the gneiss in which it is enclosed,

and with a width of from eight inches to one foot. Several prominent quartz veins

outcrop on the point between the mouth of the Imogen river and the Pucaswa river

in a soft felsite schist. One vein containing both pyrites and chalcopyrite, is about

3 feet 6 inches wide at its widest part near the lake shore, from which it narrows
1.1 either direction. To the north about seventy-five feet another vein appears, and
this may be the same as the one just described from which it has been faulted, the
plane of the fault being occupied by a diabase dike. A short distance still farther

r.orth along the shore another vein appears prominently both above and below the

23 M.
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water. It rises as a ridge two or three feet kigh above the gravel of a small bay,

and four or five feet beyond in the enclosing schists. Jt is three feet wide and dips

vertically, lensing out upward in the schists. Both veins are apparently quite barren.

Small calcito veins are common in schists along the walls of the falls near the

ipouth of the Pucaswa river. From the Pucaswa river southeastward along the shore

numerous veins show up, in some of which a little prospecting work has been dons,

but nothing of commercial value obtained. A small calcite and quartz vein about

one mile from the mouth of the Pucaswa river was found to carry gold to the valiio

of $4.40 to the ton, and copper to the extent of 3.85 per cent. A specimen from

another vein of quartz near a small shack on the lake shore about five and a half

miles southeast of the mouth of the Pucaswa river on analysis gave traces of gold.

A somewhat remarkable mass of quartz occurs near the mouth of the Eagle river,

f>hich I believe was originally staked as an iron location. Its width is about forty

feet and its length is traceable for about a hundred and twenty-five feet, dLsappear-

ing in either direction beneath the drift. In character it is often stained rusty or

red by iron oxides, again it appears kaolinic or jasperoid, at other times it resembles

greenish chert. It seems to cut the enclosing green schists, but these are much con-

torted and this relation could not be definitely ascertained. Stringers of calcite

traverse the quartz mass in one place at least. Sometimes the mass appears brecciated

A deposit of molybdenite is found in a coarse-grained quartzose pegmatite on the

shores of Molybdenite lake on the route between Michipicoten Harbor and the Frances

mine. I was unable to visit the locality during the past summer, but I understand

that the deposit is not of commercial importance, as proven by some exploration wor'j

done on the property Rome years ago.-

THE POST-HURONIAN BASIC ERUPTIVES
In northern Michipicoten the post-Huronian basic igneous rocks are apparently

i'.€ver effusive, but eruptive. They have a wide though limited distribution throughout

(he entire area, and being the youngest rocks in the distriet, they cut all the kowtr

formations, including the post-Huronian acid eruptives. They occur as numerous

narrow dikes cutting the sediments and enclosing rocks, as elongated bosses includeJ

within the schists, conglomerate and granites, and as narrow sheets, generally off-

shoots from the wider bosses, especially apparent when occurring within the Helen iron

formation. Sometimes the dikes are of economic value, along the iron ranges, by

creating dams against which iron ores may be deposited by iron-bearing solutions

passing down troughs leading to the dikes. The sheets on the other hand are usually

detrimental by retarding the lateral flow of iron-bearing solutions, and by giving a

smaller area from which ferruginous material can be drawn.

The most important bosses are those intrusive, in the schists and granites nort'l

of and southeast of Paint lake, that one occurring south of lake Michi-Biju and ex-

tending east to Katzenbach lake, and that one cutting the schists and Helen

formation near David's lakes. The sheets are most evident at Brotherton hill, and

along the MacDougall promontory at Iron lake, where their occurrence within ths

iion formation has already been briefly mentioned. The narrow dikes are seen

commonly everywhere, and are especially evident along the Lake Superior shore.

Petrography of the Basic Eruptives

All the post-Huronian basic rocks are of the gabbro family and consist essentially

of a light colored pyroxene, probably diopside, of a basic plagioclase (maximum ex

tjnction 32'' on 010) and of more or less magnetite or ilmenite. With these primary

minerals are usually associated a variety of secondary minerals. The pyroxene i

frequently replaced by the paramorphic amphibole, uralite, and less commonly b;



1905 Iron Ranges of Michipicoten West 355

biotite. Chlorite is the principal final product of alteration. The plagioclase alters

to mixtures of epidote, quartz, muscovite and carbonate. Olivine, though rarely seen,

is in some few places quite common, and serpentine often indicates its former pres-

ence. Most of the bosses and wider dikes away from the influence of the iron

formation show fairly fresh, very little strained rocks, but the sheets and dikes

connected with the Helen formation are always extremely changed and consist of a

structureless mass of chlorite, epidote, decomposed felspars, quartz, leucoxene, and

carbonate. These metamorphosed rocks are often with difiSculty recognized as of igneoous

origin. The extreme phase is seen in the chloritic sideritic schists which intercalate

with the iron formation at Iron lake and elsewhere, and many of which were at first

?ight considered as sedimentary rocks.

From a textural standpoint the basic eruptives show several facies. The mo«t

common of these are the coarse-grained granitoid phase, and the finer grained some-

times aphanitic ophitic phase. Lamprophyric rocks are rare.

The granitoid type is represented by the true gabbros or dolerites. These, often

coarsely crystalline, are the prevailing rocks in the larger bosses and show no especially

remarkable features. Frequently they are altered to epidiorites, and their margins

are often strongly magnetic.

The ophitic type is shown in the diabases, which sometimes occur as a textural

differentiation on the edge of the larger gabbro bosses, and also in many of the smaller

bosses, in all the smaller dikes, and in most of the intrusive sheets, though as has been

said, the original character of all dikes and sheets occurring within the iron formation

has been lost
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ment of newer at 10. 68

Hills of Michipicoten Huronian area

40
105
33

24
99
14
54
85
174
12

244
60

132

122
269
292
325
282
273
313
317
59
44

211
313
259
320
12

122

247
87

17S
61

116
49

. 71

281
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Hixon, H. W 72
HoUandia lead mine 15, 79
Hornblende, 198, 204, 206, 210, 211,
255 302

Hornblende schist 305,309
Hot test for cement 182
Hudson iron formation 97
Hungerford, W. A 76
Hunt, Dr. T. Sterry, on origin of

oil and gas 94
Hunter, J. C 13
Hunter, R. M 13
Huntingdon township, marl deposits

in 122
Huronian area, original 274
Huronian Company 34, 71
Huronian formation 209, 269
As defined by Committee on Nom-
enclature 276

Contact of with acid eruptive 346, 350
Contact of with Laurentian 210
Michipicoten Huronian area 278
Structural break in 275
Lower Huronian 254, 277
Agglomerates 342
Extent of 276

In Boston township iron range ... 262
In Michipicoten area 299

Middle Huronian 277
Upper Huronian 254, 277
Dore formation of 340, 346
Extent of 276
In Michipicoten area 299

Hutton iron range 12, 278
Hutton township 10
Hyatt system of concrete re-inforce-
ment 176

Ideal gold mine 51
Illinois University, tests of re-in-

forced concrete beams at 175
Ilmenite 302, 354
Imperial Portland Cement Co 144
Imperial Natural Gas Co 108
Incorporations. See Mining compan-

ies incorporated.
Indians 253, 297
Ingall, E. D. 270
Inorganic origin of oil and gas, theor-

ies of 91
Intermittent kilns 126
international Asbestos Co 87
International Peat Co 24
International Portland Cement Co. 146
Inter-state Consolidated Mineral Co. 54
Iron-bearing district, Loon Lake 254-260
Iron carbonate 257
Iron creek 285
Iron lake 290
Iron lake area 317, 339
Iron lake prospect 320, 321

Analvsis of ore of 320
Iron locations M. R. 4-24, boundaries
and descriptions of 263-267

Iron mines.
Atikokan range 12
Boston range 13, 261-268
Coe 80
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Frances 328
Hutton range 12
Ledyard 78
Radnor 12, 77
Temagami range 12. 31, 78 |

Williams 12, 44, 59 l|

Iron mining fund 14
Iron ore.

Analyses of 259, 320, 322, 327 329
331, 334, 335, 336 338

Explorations for at Loon lake ... 44
Concentration of in Loon lake dis-

trict 259
Production of 11-13
Statistics of 1, 3
See also Hematite, Magnetite, etc.

Iron, pig, bounty on 14
Production of 13-15
Statistics of 1, 3
Table showing production 1900-

1904 14
Iron pyrites, production of 19. 72
In Boston iron range 265
In Helen iron formation 311

On Campbell's Island 64
Statistics of 1, 3

Iron pyrites mines 72, 78
British American Pyrites Co 78

James lake 73
Jarman 78
Steep Rock Lake 72

Iron range, Boston township, Report
on by Willet G. Miller 261-268

Iron Ranges of Michipicoten West.
Report on by J. M. Bell 278-355

Bibliography of the region 280 .

Canoe routes 289 H
Dog river to lake Michi-biju ... 291 "

Frances lake to Lake Kabenung 292
Frances mine to Dog river 289
Frances mine to Iron lake 290
Lake Kabenung to Magpie river 292

Lake Michi-biju to Lake Super-
ior 292

Lake Superior to Frances mine. 289

Missanabie to Magpie river 294

The Grand Portage 293

General conditions in the region... 295

Forest resources 295

Game and fish 297

Native inhabitants 297

Soil and climate 296

Water power sites 299

General Stratigraphy 299

Distribution of the greenstone... 302

Geologic history 300

Metamorphosed schists 305

Michipicoten schists 300

Other types of the schist 304

Petrography of schistose green-

stone 302

Real sedimentary rocks 304

Schistose greenstone 301

Helen formation 307

Extent of 313

Genesis of iron-bearing rocks 311

Iron-bearing cherts 308
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Iron Ranges of Michipicoten West.
—Con.
Metamorphosed ferruginous

cherts 309
Northern band of northern

range 313
Petrography of the phyllites . . . 310
Southern band of northern range 315
Structure of Helen formation... 307
Western range 316

Michipicoten Huronian area 278
Post-Huronian acid eruptives 346
Contact with older rocks 3.50

Distribution of 347
Petrography of 346

Post-Huronian basic eruptives 354
Petrography of 354

Physiography of the area 281
A region of hills and valleys ... 281
Dog river 285
Effects of glacial action 288
Lakes 286
Magpie river 286
Pucaswa river 283
Rivers of district 282

Resume 338
Special areas of iron formation ... 317
A promising prospect 321
Brotherton hill 329
Dimensions and relationship of
bands 318

East of Godon lake 331
East of Heart lake 325
East of Pyrrhotite lake 332
Eccles lake claims 332
Evans creek area 327
Frances mine and neighborhood 328
Iron lake 317
Katossin claims 321
Leach lake bands 330
Magnetic point 326
Morse mountain 325
North of Narrow Lake and lake
Charlotte 326

Ore possibilities 324
Ore showings 320
Paint creelj and Mt. Raymond 323
South of Kabenung lake ". 329
West of Dog river 322

Special areas of Western range ... 333
Bands north of Julia river 335
David Katossin' s claims 335
Edey claims 337
Laird's claim 334
Lome prospect 337
Near Fall creek 337
Near mouth of Julia river 333
North of Lost and Cameron lakes 336
North of Maple lake 336

The Upper Huronian 340
Distribution of Dore formation... 343
Dore formation 340
Petrography of agglomerate ... 342
Petrography of conglomerate ... 340
Petrography of slate 343

Iron silicate 258
Ironwood formation 271

Page.
Iroquois falls 186
Water power at 208, 230

Irving, E. D 256
Isaacson, Isaac, accident to 25
Isabella lake 289
Ishpeming formation 270
Island Granite Co 24

Jackfish lake 294
Jack-pine 197, 202, 207, 295
Jack-pine plain 218
Jackson, E. Y 139
Jackson oil well 116
James, Joseph 87
James lake iron pyrites mine 73
Jarman iron pvrites mine 78
Jasper ! 255, 262, 308, 319
Jaspilyte 262, 266, 309, 319, 321
Jenkins. Charles, feldspar mine ... 19. 82
Jimmv Kash lake 289
Johnson, Prof. J. B 175
.Journal of Geology 280
Journal of Royal Inst, of British

Architects 180
Julia river 282, 284

Iron formation near mouth of ... 334
Iron formation north of 335
Ores of, analysed 334, 335

Kabenung hills 282
Kabenung lake 285, 344
Canoe routes to 292
Iron formation south of 329

Kahn system of concrete re-inforce-

ment 179
Kamiskotaia river 183
Kamshogooka lake 294
Kaolin 210
Kapinchigania lake 293, 306
Katossin iron claims 316, 321, 335
Analvses of ore of 322, 335

Kay, G. F 240, 250
Keewatin formation 254, 277
As defined by Committee on Nom-
enclature 276

In Boston township iron range 262, 265
In Lake of the Woods district ... 273
In Penokee-Gogebic district 271

Kennedy, M 144
Kenogami lake 248
Kenora. See Rat Portage.
Kent Bros 20
Mica mine 86

Kent county oil field 90, 109
Log of wells in 109, 110

Kevi, D. G 40, 74
Keweenawan formation 254, 273, 276, 277
East of Loon lake 256
In Michipicoten area 299

Killown, J. M 148
King Edward gold location 51
Kingston Feldspar Mining Co. ... 19, 81

Kitchi schist 270, 277
Klugh, A. B 240
Knechtel, D 142

Knife lake 285
Knife slates 271, 276
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Knobel <fe Flaherty 254
Knox township 201

Analj-sis of soil of 244
Description of 233
Township East of, description of ... 233

Kona dolomite 270
Krean hill nickel-copper prospect... 71

Labradorite 305
Lacey mica mine 84
Laccolithic sills 256
Lac la Plonge ;.... 289
Lac Poisson Gris 293
Lafricain, S 240
Laird's iron claims 316, 334
Analysis of ore of 334

Lake of the Woods district 269
Geological series of 272, 276

Lake of the Woods gold region 3
Lakefield Portland Cement Co 148
Lake Orion Oil and Gas Co 116
Lake Shore Natural Gas Co 24
Lake Superior Corporation 59
Lake Superior district, geological

series of 270
Lambton county oil field 89, 111
Logs of oil wells in 112

Lands sold and leased 23
Lang. John L 184
Langrill, Dr. A. S 162
Larch sawfly 189
Carose silver mine '. 5
Lash, Miller 133
Latour, Eli, accident to 26
Laurentian formation.
As determined by Committee on
Nomenclature 277

Contact of with Huronian 210
Eruptive contact of 206
In Boston township iron range ... 262
In Michipicoten area 299

Laurentian gold mine 4, 62
Mining class at 42

Laurentide Mica Co 86
Lavant township, marl deposits in ... 122
Leach lake 315

Iron ore deposits at 330, 339
Ore analyses 331

Lead mines 79
Frontenac 79
HoUandia 79

Lead ore. production of 15
Determination of, at Assay ofiBce 33
Statistics of 1. 3

Lead, pig, production of 15
Statistics of 1, 3

Leamington Oil Co 25, 116
Leamington oil field 21, 90. 115

Oil and gas wells in 116
Logs of wells 115, 116

Leases of mining lands 23
Leckie, Major R. G 73
Ledvard, iron mine 78
Leith. C. K 258, 269
Leucoxene 210, 211. 302, 355
Licensed mining companies. 1904 ... 25
Licensees, list of, Michipicoten min-

ing division 35, 36
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Licenses, miners and prcspectors ... 23
Lily lake 148
Lime.
As ingredient of cement 124, 125, 162
For calcium carbide 88
Mortar vs. cement 170
Production of 16
Statistics of 1, 3

Lime lake 137
Lime paste 172
Limestone 271
Analysis of 183
Cornifei-ous 88
Crystalline 264
For concrete 173, 174
111 Michipicoten area 304
In original Huronian area 274

Limonite 211, 308, 320, 332, 338
Lind, John 141
Little Bear river 282, 285
Little Master gold mine 53
Little silver mine 5
Little township 197

Description of 224
Logan, Sir W.. on Michipicoten
Huronian area 280

*

Lonely lake 293 I
Long, H. E 67*
Long Sault rapids 186 i
Long Tom copper location 67 y
Loon lake area, geological series of... 273 •

Loon Lake iron-bearing district, Re-
port on by W. N, Smith 254-260

A Mesabi extension 254 v
Animikie formation 256 3

Animikie iron-bearing formation... 25/J
Concentration of the ore 259*
General geology 254 -

Greenstone and granite 25&':;

Keweenawan or Nipigon zones ... 256^
Schistose graywacke 255
Structure 257

Loon Lake iron range 12, 29. 44
Lome iron prospect 316, 337

Analyses of ore 338
Lost lake 285, 316

Iron formation north of 336
Loughborough Lake, marl doposil in 121
Lower Helderberg formation 98
Lower Huronian formation. Hee
Huronian.

Lucinda gold mine 59
Lucinda Gold Mining Co 59
Lund lake 293

McCann township and N. W. of Lake
Abitibi, Report on by J. K.
Workman 248-253

McCann township 248
Rock exposures 249
Soil 249
Timber 249

W'ork on Base line 2.50

Chin river 251

Climate 253
Exploring under difficulties 251

Indian occupation 253
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Fauna 253
Fish 263
Flora 253
Soil of Base line region 253

McCart township 195
Description of 227

McCharles, A 10
McConnell graphite mine 87
McConnell, Rinaldo 22, 86, 254
McCool lake 67
McCuan, D. J 77

McDougall, W. H 299
McFadden, James J 67
MoGowan, John, M.P 133
McKay lake, marl deposits on 122

McKenzie, B. E 160
McKinley-Darragh silver mine 5
JlcKinnon tote road 313, 315
McLaughlin, James 141
McMillan, James G., Report by on
Explorations in Abitibi 184-212

McNab, J. W 133
McNab lake 159
McNab township, marl deposits in ... 121
McNaughton, G. W 84
McPhcrson's falls, power development

at 10, 68
Macfarlane, Thomas 4
Mackenzie, Mann & Co 13. 72
MacLaren, A. F., M.P 146, 149
Macmillan, N., accident to 26
Madawaska river, development of
power on 87

Madoc Mining Co 25
Magnesia, in natural cement 162
Atagnesium, carbonate of 120
Magnetic Point, iron formation at... 326

Analysis of ore of 327
Magnetite 198, 210, 211, 262, 302, 305,

309, 319, 338 354
Magpie river 278, 282, 285
Iron formation East of 332
Water power on 299

Maguire lake 293
Maitland, J. W. 144
Majinimungshing lake 279
Major oil syndicate 116
Mandel, Julius 175
Manitoba Peat Co 23
Manitoulin Island, petroleum on ... 89
Mann, D. D 13
Mann township 197, 211

Description of 224
Second township north of, descrip-

tion of 226
Township north of, description of... 225

Maple lake 36
Iron formation north of 336
Ore analysis 3.36

Mareniscan "schist 271, 277
Marcellns shales 99
Marian lake 294, 316
Marl.
Analyses of 183
As ingredient of cement 118
Composition of 120
Deposits of 121
Not always organic product 119

Page.
On Montreal River 210
Value of 122

Marlbank cement plant 137
Marquette district 269, 276

Geological series of 270, 277

Marquette iron range 278
Marten 242
Massey copper mine 11, 60
Mining classes at 41

Mattagami river 186, 188, 219
Mattagami valley 188, 194

Mattawin iron range 278
Mayo Mining and Development Co. 24
Mazinaw lake 84
Medina formation 97
Medina Gold Mining Co 80
Melan system of concrete re-inforce-

ment 178

Mendeljeff, M., on origin of oil and
gas 92

Menominee iron range 278

Merritton carbide factory 88
Mersea township oil field 90

Oil and gas wells in 116, 117

Mesabi district 269, 276

Geological series of 271, 277

Mesabi iron series 254, 258, 278

Mesnard quartzite 270
Metamorphosed schists 305

Mica 266
Production of 20, 83

Statistics of 1- 3

Mica Mines 83-86

Baby 85
Bob's Lake 8b

Freeman 85
General Electric Co 84

Hanlan 83
Kent Bros 86

Mills & Cunningham 86

Montgomery and Adams 85

Mica schist 198

Mica trimming works at Ottawa 86

General Electric Co 86

Laurentide Mica Co 86

Munsell, E. & Co 86

Michi-biju lake 287

Canoe routes to 292

Michigarame slate "70

Michigan, Geol. Survey reports, 119, 120

Michi lake 287. 292

Michipicoten bay 278

Michipicoten Division Mining agency,

35 36
]\Iichipicoten Harbor _ 288

Michipicoten river 278, 288

Michipicoten West, Iron Ranges of.

Report on by J. M. Bell 278-355

Microcline 308, 312, 347

Microperthite 347

Middle Huroniau formation. See

Huronian.
Miller, AV. G., Provincial Geologist,

17, 111 :
269

Renort by on Boston township Iron

Range 261-268

Miller, James 240
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Mills and Cunningham feldspar mine 83
Mills and Cunningham, mica mill ... 86
Mineral production, summary of, 1904 1

Expansion of, 1895-1904 2
Table showing progress of 1900-
1904 3

Mineral Range Iron Co 77
Miner's licenses, receipts from 23
Mines Act 23
Mines of Eastern Ontario, Report on,

by E. T. Corkill 76-87
Actinolite and Asbestos 87
Calcium carbide 87
Copper mines 80
Feldspar mines 81
Graphite 86
Gold mines 76
Craig 76
Star of the East 76

Iron mines 77
Mineral Range Iron Co 77
Radnor 77

Iron pyrites 78
American Madoc Mining Co. ... 78
British American Pyrites Co. ... 79

Lead mines 79
Hollandia 79
Frontenac 79

Mica mines 83-86
Baby mine 85
Freeman mine 85
General Electric Co 84
Kent Bros 86

Mica Trimming Works at Ottawa 86
Phosphate of Lime 86
Talc 87
Zinc mines 79

Mines of Western Ontario, Report
on, by W. E. H. Carter 43-75

Copper mines 60-67

Campbell's Island 64
Eagle 62
Hermina 61

Massey Station 60
Peyton location 66
Reynolds property 67
Superior 62
Whiskey lake area 62

Corundum 74, 75
Canada Corundum Co 74
Ontario Corundum Co 75

Gold Mines 45-59

A L 200 57
Avon 58
Baden-Powell 48

Big Master - 54
Bully Boy 45
Cameron Island 47

Combined 48
Eldorado 49
Giant 53
Gold Coin 51

Golden Horn 47

Grace 49
Ideal 61
Laurentian 52

Little Master 53
Lucinda 59

Page.
Paymaster 54
Pioneer Island 48
Queen Alexandra 51
Redeemer 49
Shakespeare 57
St. Anthony Reef .54

Sultana 47
Sunbeam 56
Twentieth Century 61
Volcanic Reef 62

Iron Pyrites and Arsenic 72-74
Arsenic Lake 73
James Lake 73
Steep Rock Lake 72

Iron mines 59, 60
Helen 59
Williams 59

Nickel-copper mines 68-72
Canadian Copper Co 69
Copper Cliff 70
Creighton 69
Evans No. 2 72
Huronian Co 71
North Star 72
Vermilion and Krean Hill 71

Victoria 71
Minnescta Geological and Natural
History Survey 280

Mining Accidents 36-29
Table of 28

Mining Agencies 34-36
Michipicoten Mining Division 36
Rat Portage (Kenora) 34
Sudbury 34

Mining classes, Summer, Report on
by W. L. Goodwin 37-42

Mining companies, incorporated
1904 , 24

Licensed 25
Mining lands sold and leased 23
Mink ." 242
Mink lake, marl deposits in 121

Minnehaha Mining and Smelting Co. 25
Minnesota Iron Co 311, 317
Mispickel mine, Arsenic lake 73
Histo-ogo river 202, 232
Missanabie station, canoe route from,

to Magpie river 294
Mohawk Natural CKis, Ltd 24
Molath, John 52

Molybdenite 354

Mona schist 270, 277

Mond Nickel Co 9, 10, 34, 72

Mondoux, O 184.

Monier system of concrete re-inforce-

ment 176

Montague copper location 67

Montague, J. A 67

Montgomery and Adams mica mine. 85

Montreal & Boston Cons. Mining
and Smelting Co 24

Montreal and Ottawa Peat Co. ... 23, 24

Montreal river 5

Peat on 209

Pyrites on 209

Moodv township, description of 233

Township East of 235

Moore, D. H. & E. V 23
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Moore Oil and Gas Co 112
Moore Oil field HI
Logs of wells 112

Moose 242, 251, 297
Moraines 288
Morse Mountain 314

Iron-bearing rocks of 326
Mortar 17q
Cement 170," 183
Impervious I73
Lime 170
Lime paste for 172
Sand for 171

Mosser tower cooler 132
Mountain Ash river 285
Mountain river 285
Mount Chanmanis 262
Mount McKay Brick and Tile Co. ... 24
Mount Raymond 282, 314
Iron ore near 323

M R 4-24 iron locations 263-267
Mud lake, marl deposits in 121
Mud lake, Michipicoten 287, 292
Munsell, Eugene & Co 86
Murphy, J. E 154
Murphy township to Mattagami riv-

er, description of 219
Muscovite 84, 304, 306, 347
Muskegs 191, 194, 209, 217
Muskrats 242
Muskrat lake 293
Muter, M. J 142

Narrow lake 314
Iron formation north of 326

National Portland Cement Co 149
Natural Cement. See Cement.
Natural Gas and Petroleum, Report
on by E. T. Corkill 89-117

Natural gas.

Export of prohibited 91
Fields 90
Origin of 91-96
Production of 21
Statistics of 1, 3

Neelands rapids 186
Contact of Laurentian and Huron-
ian at 210

Negaunee formation 270
N^ewberry, Dr., Experiments by, on

cement composition 124
Theory of, on origin of oil and gas 95

Vew Caledonia, cobalt production in 9
'^ew Liskeard, mining class at 41
\ewTnarket township 205
Description of 227

Jew Ontario silver mine 5
lew York Lake Erie Oil and Gas Co. 24
jfiagara formation 98
Jiagara Quarry Co 24
ackeL
Determination of at Assay oflBce 33
In silver-cobalt ore 10
Production of 9-11, 44, 68
Statistics of 1 , 3
Table showing production of 1900-

1904 11

24 m.

X- 1 ,

Page.
iNickel mines.
Canadian Copper Co 69-71
Copper Cliff 5_ 70
Creighton 6, 10, 41, 69
Krean Hill prospect 71
^°- 2 ::;; lo
Vermilion 5_ 71

Evans No. 2 ' 72
North Star '.'.'.'.'.'.'

10,' 34, 72
Victoria 5, 10, 71
.SVe also silver-cobalt-nickel mines.

Night Hawk lake 199
^'fPJgon formation 256, 277
Nipigon iron range ' 278
Nipissing Mining Co ...5, 24
No-fish bay '315
Norfolk county oil and gas field 108
Log of wells in 108

Nomenclature, pre-Cambrian, Report
of Committee on 29, 269-277

North American Chemical Mining &
Development Co 15g

North Cayuga township, log of gas
."ell in 105
Northern Devolo[)ment Co 54
.Northern Iron and Steel Co 24
.Northern Light Mines Co 4, 48
North Star Nickel-copper mine, 10, 34. 72
Nova Scotia, mineral products of ... 2

Obatonga lake 285
Ogishke conglomerate 271 276
O'Grady De C 13
Ohio State University, experiments
with impervious mortar at 173

Oil Springs, oil wells at 89, 113
Logs of wells 113

Olden zinc mine 15
Mining classes at 39

Oligoclase 303, 347
Olivers' Ferry graphite mine 22
Olivine 211, 355
Olympia gold mine 34
Onondaga formation 98

'

Ontario Corundum Co 19
Ontario Corundum Co's mine 74
Ontario Crude Oil Co 24
Ontario Graphite Co 22. 86
Ontario Mining * Smelting Co 15
Lead mine of 39

Ontario Portland Cement Co. ... 18. 154
Ontario Smelting Works 8. 69
Accident at 25

Orford Copper Co 6, 8
Organic orfgin of oil and gas, theories

of 93
Oriskany formation 98
Orion Mining Co 24
Orthoclase 210, 211, 303-347
Orton, Dr. E., on origin of oil and
gas 93

Osmiridiiim 8
Ottawa Carbide Co 18, 87, 88
Otter 242
Otter Cove 284
Otter Head, geological section east

of 352
Otto township 268
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Owen Sound Natural Gas and Oil

Co 24
Owen Sound Portland Cement Co.,

164 172

Pacific Coal and Oil Co .'.... 25
Paint creek 285, 292
Canoe route by 289
Iron ore deposits on 323

Paint lake 292, 314

Bog iron ore on 324

Paloeozoic rocks 96

Palladium.
Production of 6-8

Process of extracting 7

Statistics of 1, 3

Uses of 7

Palms slate 271

Parks, Dr. W. A 205, 250

Parry Sound Copper Mining Co. ... 80

Partridges 253
Pasho-scoota lake 293
Patten's first base 193
Paymaster gold mine 64
Pearce gold location 76

Peat 189, 194

Analyses of samples of 209

Areas of in Abitibi region ... 209, 217

In Gowan township 191

In Wark township 190

On Montreal river 209

Peat bogs. See muskegs.
Peat fuel, production of 22

Statistics of 1> 3

Peckham, S. F., Theory of origin of

oil and gas 95
Pegmatite 352, 354

Pelee island, oil and gas on 117

Penekee-Gogebic district 276

Geological series of 271, 277

Iron district 258, 278

Pentila, M., accident to 25
Peridotites 211

Parley, G. H 23
Perry, F. M 62
Perry's bay 315
Petrography.
Of Abitibi region 209-212

Of acid eruptives 346

Of agglomerate 342

Of basic eruptives 354

Of conglomerate 340

Of phyllites 310

Of schistose greenstone 302

Of slate 343
Petrolea oil field 89. 113

Log of oil wells in 113

Petroleum.
Bounty on 20
Prices of 21
Production of "f

Statistics of •• !• 3

Petroleum and Natural Gas, Report

on by E. T. Corkill 89-117

Borings for Oil and Gas 99

Brant county 106

Esses county H^
Haldimand county 105

Page.
Kent county 109
Lambton county Ill
Norfolk countv 108
Pelee Island ." 117
Welland county 99

Geological Scale of Ontario 96
Clinton formation 98
Comiferous formation 99
Guelph formation 98
Hamilton formation 99
Hudson River formation 97

Medina formation 97
Niagara formation 98
Onondaga and Lower Helder-
berg 98

Oriskany formation 98
Portage-Chenung formation 99
Trenton formation 97

Utica formation 97
Natural gas fields 90

Origin of oil and gas 91
Origin by secondary decomposi-

tion 95
Rock pressure of gas 94
Primary decomposition theory... 96
Theories of inorganic origin ... 91

Theories of organic origin 93
Petroleum fields 89

Peyton copper location 65
Phenocrysts 303, 347

Phlogopite 83
Phosphate of lime, production of 86
Phyllites 301, 307, 343, 344
Petrography of 310

Pickerel 242, 251, 29?
Picrites 213
Pig iron. ,

Bounty on 14

Production of 13-15

Statistics of 1, 3
Table showing production 1900-

1904 14

Pig lead, production of 15

Statistics of 1, 3

Pike 242, 253. 297;

Pine, red 200, 207, 296^

Pine, white 223, 296

Pioneer Island gold mine 48

Pioneer Island Mining Co 48

Pipe river 282, 28'

Pipe, sewer. See Sewer pipe.

Plagioclase 210, 211, 302, 351

Platinum.
Determination of at Assay ofiSce...

Production of 5, (|

Statistics of 1.
'•

Pleistocene formation 25
Point Pelee Oil and Gas Explora-

tion Co 2

Pokegama quartzite 27

Poplar, 189, 190, 195, 199, 203, 205,

207, 215 29

Poplar knoll 21

Porcupine lake 1?

Porciipine river 25

Porphyrites 198. 3^'

Porphyry 189, 206, 3(! .

Portage-Chemung formation !
i
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Port Arthur, projected blast furnace

at 13
Portland Cement. See Cement.
Post-Huronian acid eniptives... 346-354
Post-Huronian ba.sic eruptives... 354, 355
Pottery, production of 16

Statistics of 1, 3
Pre-Cambrian formations 254, 262
Pre-Cambrian Nomenclature 269-277

Introductory note bv C. R. Van
Hise .' 269

Report of Committee 269
Primary decompo.sition theory of ori-

gin of oil and gas 94
Prospector's licenses 23
Prosser township 194
Description of 221
Region north west of, description

of .• 222
Second township north of, descrip-
tion of 223

Third township north of, descrip-
tion of 235

Township north of. description of 222
Provincial Assay office, Report of.. 31-33

Provincial Natural Gas and Fuel Co.,
21, 91, 102, 104 108

Pucaswa river 282, 283, 313
Water power on 299

Pulp-making, opportunities for 208
Punk lake 294. 315
Pyrite, 198, 199, 201, 210. 246, 263, 347
In Michipicoten area, 302, 306, 313, 338

Pyroxene 354
Pyrrhotite 193, 313, 332, 338
Pyrrhotite lake 293, 315

Iron ore deposit east of 332
Ore analysis 332

Oua-ka-gpshick lake 294
Quartz, 64. 65, 201, 206, 211, 302,

.306. 308 354
In Dore conglomerate 341

Ouartz diorite 211
Qiiartzite 64. 206. 271, 275. 312

It Abijik 270

fl Mesnard 270
Pokegama 271

Quartz-pnrnhvrv, 210, 211. 262, 301,
.303, 318 346

In Dore conglomerate 341

^ueen Alexandra gold mine 51

)ueenston Cement Works 163

iadnor iron mine 12, 77
Mining class at 39

lainfall in Clav Belt 240
?ainy Lake district 269, 276

Geological series of 272, 277
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COBALT=NICKEL ARSENIDES AND SILVER

BY WILLET a MILLER

Introduction

What is known as the Archean protaxis, or that rugged, rocky region which stretches

away from the St. Lawrence river, expanding to the northwestward, and occupying a

large part of northern Ontario, has produced and is constantly producing, a group of

wliat may be called unique, or at least comparatively rare, economic minerals. Pro-

bably as great a variety of minerals is produced here in proportion to the number of

inhabitants as is derived from any other country. Among these economic deposits

are:

The nickel mines of Sudbury, which is one of the two important nickel producing

localities of the world, with the bye-products, platinum and palladium;

The corundum deposits of north Hastings, south Renfrew and other areas in eastern

Ontario, which now supplies by far the greater part of the corundum consumed in the

world

;

The unsurpassed feldspar and mica deposits of Frontenac and adjoining counties

and the apatite, graphite, pyrite, talc, gold, copper, zinc, lead, fluorite and barite of

th? same district;

The iron ranges, which extend over a great territory in northern and northwestern

Ontario, but which, up to the present, have not been developed to a great extent.

In addition to these, it may be said that a few years ago north Hastings possessed

the only arsenic plant in North America. More recently the auriferous-arsenic ores of

Temagami were made known, and lastly a discovery has been made of the series of

Cobalt-Nickel Arsendies and Silver, which are unique, so far as known, on this

continent, and are paralleled by deposits only in Saxony and adjacent regions of conti-

nental Europe.

The eastern part of this region is also noted for certain minerals which can

scarcely be said to be of economic value, but are of great scientific interest. The largest

and finest crystals of the mineral zircon in the museums of the world come from eastern

Ontario, as do also sphenes, pyroxenes, scapolites and other crystals. Sodalite, marble

and other decorative materials are also found here.

Situation and Discovery

A brief description of the character and modes of occurrence of the Cobalt-Silver

ores of the area examined during 1904 is given, as marginal notes, on the colored geo-

logical map which accompanies this report. For practical purposes, it is not necessary

to add much to these. In the report which was published in the Thirteenth annual

volume of the Bureau of Mines an account of the discovery and location of the ore

bodies was given. It may be well to repeat briefly some of the information there given.

These ore bodies which carry values in silver, cobalt, nickel and arsenic, were

discovered during the building of the Temiskaming and Northern Ontario Railway. In

fact, it may be said that the railway discovered the deposits, as it runs

almost over the top of what is probab'y the most important vein yet found."

The finding of such rich ore within a short distance of the shore of lake

I It may be added that the Canadian Pacific railway virtually discovered the Sudbury nickel

deposits. 90 miles to the southwest of Cobalt. It can thus be said ih^t each of the two rail-

ways thus far built in this part of Ontario, brought to light an important and little dreamed of
mineral field.

[5]
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Temiskaming, a stretch cf water w'lich has been a well-travelled route to the
north by wuite men for 200 years or more, and the deposits being only about four
miles from the town of Haileybury, show the possibilities there are for the discovery
of important mineral-bearing areas in the vast hinterland of Ontario, much of which
IS littlcj known. The cliief of these ore bodies which have been worked lie within half

a mile of what is now known as Cobalt station, distant by rail about 103 miles
from North Bay junction on the transcontinental line of the Canadian Pacific, and 330

miles almost north of the city of Toronto.' It may also be added that one of the oldest

know ore bodies in North America, the argentiferous galena on the east side of lake

Tomiskaniing. is distant only 8 or 9 miles from Cobalt station. This galena deposit

was apparently discovered by voyageurs over 150 years ago. A map of the lake

published about 177^ h:is a bay marked on it with the name "Anse a la Mine," thus

showii.^- that the deposit was known at least at that date and probably much earlier,

owing to the fact that the ore outcrops at the water's edge and is of such a character

as to attract attention.

Some of these veins in the vicinity of Cobalt station were apparently noticed by
the men employed in railway construction in the spring of 1903, but, there being
no miners or prospectors among them, littje interest was aroused and nothing was
heard of the discovery by prospectors till October of the same year. At that time
Mr. T. W. Gibson, Director of the Bureau of Mines, then in that part of the Province,
was given a sample of niccolite which the donor thought was copper ore, the color of

this mineral being like that of copper as the German name, kupfer-nickel, indicates.

Mr. Gibson, however, recognized the value of the sample and forwarded it to the
writer, who was then in the eastern part of the Province, and asked him to make a
report on the occurrence as soon as possible. The writer, although he knew the speci-

men represented high class ore, hardly expected to find ores of the character and in

the quantity which he saw on his arrival.3 This mineral, niccolite, had been found

3 The nime cob.-ilt .Tppe.irs o come from tlie nerm.m KohrAd. meaning goljlin or house
spirit. The metal was so called by the miners because its ore, being arsenious, was poisonous
and (lifBcuIt to treat. The writer felt, however, when he suggested ,;he n^.rae for the town,
that in this age such a name would not be considered unlucky.

3 At the time of the writer's arrival in the district, in November. 1903. 4 veins, all of which
were very r'c'i. hrid been found. Three of these were within sight of the railway and the fourth
was a short distance to the southeast. The blackened, tarnished silver had up to that time at-
tracted little or no attention although it occurred in profusion in two or three of the weathered
outcrops At the present time Over 40 veins and stringers, the majority of which can be worked
at .1 profit, have been found. They are distributed over approximately 25 forty-acre lots, and
are m the hands of 15 or 20 individuals or companies. Other veins are being found every few
d;iys Although the vri'pr's first report of his eyaminnti .n of this oobalt-siher area was
published in November, 1903. the public evinced little interest in the field until about eighteen
months afterwards, when reports were made of shipments from various properties. The lack
of interest was apparently due to the fact that the evil effects of the mining boom of a few
years ago had not died out, and the public were more or less sceptical of reports on minins.
no matter from what source they might emanate. By .June. 1905. interest w.as aroused in the
district throughout North America, and the rush to Cobalt has been greater than has been
seen before in the mining fields of Ontario.

The following extracts from letters written in the autumn of 1903 by Mr. T. W. Gibson.
Director of the Bureau of Mines, may now have some historical interest.

(Extract of Letter from T. W. Gibson to W G. Miller, then inspecting mineral properties in
the vicinity of Perth, Ont.)

"Bureau of Mines. Toronto. Oct. 26th. 1903.

"I am enclosing herewith a fragment of a larger sample of what I take *o be kupfer-nickel
recently found along the line of the Temiskaming & Northern Ontario Railroad. The locality
of the deposit is in the unsurveyed territory immediately south of the township of Bucke. I
have not learned anything as to the extent of the discovery, but if the deposit is of any con-
siderable size, it will be a valuable one on account of the high percentage of nickel which this
mineral contains. I think it will be almost worth your while to pay a visit to the locality
of the discovery before navigation closes. I am under the impression that the find was made
while making the cutting for the railway. Mr. Ferlnnd. of Haileybury. showed me a sample
of the mineral when I was there, but he did not appear to recognize it or know its value,
deeming it a compound of copper. It would be rather remarkable should our nickel deposits
turn OT't to bare a wider range than has hitherto been supposed, and especially if the new
OUtcro,. should be a large one containing ore of so high a grade."
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some years before in association with the lower grade nickel ores of some of the Sudbury
deposits, but no great quantity of it lias up to the present been discovered in the
Sudbury field, the town of which name lies about 90 miles southwest of Cobalt station.

It may, however, be stated that the Sudbury ore deposis are quite different in character

and in origin from those at Cobalt, although the metal nickel is an economic constituent

in each. The Sudbury deposits have received a great deal of attention from geologists

during the last fifteen years or more, and two important reports have recently been

published on them. These are by Dr. A. E. Barlow, of the Geological Survey, and by

Professor A. P. Coleman, of this Bureau. Nearly all the writers agree that the ores

are essentially of igneous origin,—that is, that the nickeliferous magnetic pyrites or

pyrrhotite and copper pyrites have separated from a molten mass of rock. The deposits

at Cobalt, on the other hand, occupy narrow, practically vortical fissures or joints

which cut through a series of usually slightly inclined metamorphosed fragmental rocks

of Lower Huronian ages (Fig. 1). A few veins, of similar form, have also been found

in the adjacent diabase. Some of the recently discovered veins near the centre of

location R. L. 404 appear to be partly or wholly in the Keewatin, which is here in

contact with the Lower Huronian.

The material in these veins has, in all likelihood, been deposited from highly

heated and impure waters which ciiculated through the cracks and fissures of

the crust and were probably associated with the post-Middle Huronian diabase and

gabbro eruption. ( It is rather difficult to predicate the original source of the metals

—

silver, cobalt, nickel, arsenic and others—now found in these veins. They may have

come up from a considerable depth with the waters or they may have been leached out

of what are now the folded and disturbed greenstones and other rocks of the Keewatin.

Analyses of various rocks of the area have not given a clue as to the origin of the ores.

As these ore bodies in the vicinity of Cobalt station may be said to be unique among

those known in North America we have no chance of instituting comparisons on this

continent. Some European veins, however, such as those of Annaberg, Joachimsthal and

other localities which will be again referred to. show a similar as.sociatioii of minerals.

The origin of these has been explained by most authors by the supposition that the

metals were leached from the surrounding rocks. TJie writer has found, however, from

the descriptions which have been published of most of these European occurrences, that

there are usually basic dikes in the vicinity of the veins. These dikes appear to have,

in some cases, the same relation to the ore bodies that those of diabase and gabbro

have in the Ontario cobalt region.

(Extract from Letter from T. W. Gibson to W. G. Miller, addreBsed to Haileybury.)

"Bureau of Mines. Toronto, Nov. 13th, 1903.

"I duly received your letters of the 6th nrd 9th inst. respecting the prosresa you are making
In looking up the really wonderful finds which appear to have been made in the locality where
you are. I hope you will he ahle to procure a first-class set of samples for the Bureau from

all the discoveries, and am waiting with some degree of anxiety your reiport on the western

deposit, name'y, the one at Loon Lake."
On November 16th, 1903. the Toronto "Globe" had a half column .article, based on letters

of W. G. Atiiier to the Bureau of Mines. The following sentences indicate the tenor of the

article: "Eich discoveries along government railway. . . . Exceeding rieh in nickel. . . .

Silver, cobalt and arsenic also found. . . . One specimen of silver obtained by Mr. Miller

was about the size of his hand, and half an inch thick."
On November 20th another half column article, an interview with W. G. Miller, appeared,

in which are these sentences "Temiskaming minerals. Prof. Miller returned with samples. Says
there is no doubt as to the importance of the find. . . . One large piece of silver weighs
about ten pounds."

Interviews of this date also appeared in several other Toronto newspapers.

4 The waters are considered to be associated or connected with the diabase eruption in the

sense that they probably represented the end product of the eruption. In many volcanic

regions hot springs are present long after the rocks have iolidified. In the Cobalt area the

fissures and joints now occupied by the ores were probably produced by the gradual shrinkage
on cooling of ihe- diabase, the ores being deposited by the waters which represented the last

stage of vuloanlolty.
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Ores and Minerals

The more important ores in the veins under consideration are native silver,—

-

associated with which is usually some dyscrasite, argentite and pyrargyrite and other

compounds of the metal—smaltite, niccolite and related minerals. Many of the minerals

occur mixed in the ores, and for this reason some of them have not been clearly identified.

.\Mothor character of the minerals which renders their identification difficult, is the

fact that most of them occur in the massive form. Crystals when present are small, being

almost microscopic in size. The writer has, however, identified the following minerals,

which can be conveniently classed under the headings

:

I.—Native Elements :

Native silver, native bismuth, graphite.

II.- .4rgenide.« :

Niccolite, or arsenide of nickel. NiAs ; cbloantliite, or diarsenide or nickel, Ni.\s., ; smaltite,

or diarsenide of cobalt, C'o.'^.s.,.

III.— .Vrsenates :

Krvthrite, or cobalt bloom, Co., As., 0, • '^1I.,<) ; and annabergite, or nickel liloom, Ni;, A&>

OsiSILO.
IV.—Sulphides :

Argentite, or silver sulphide, Ag.>S
; niillerite, or nickel sulphide, NiS.

V.—Sulph-arsenide :

^lispickel or suli)h-arseni(ie of iron ; Ke As8, cobaltite, Co.\sS.

VI.—Antimonide :

Dyscrasite, or silver antimonide, AguSb.

VII.—Sulph-antimonides :

Pvrargvrite, or dark red silver ore, Ag.|SbS,; tetrabe<lrite. or sulpb-antimonide of copjier,

Cu,Sb;.-<,. "
^-

In addition to the above minerals there are a number of .secondary or decomposition

products with rather indefinite characteristics, such as asbolite, which may be called a

much weathered form of cobalt bloom. It consists essentially of the oxides of cobalt,

manganese, etc. The cobalt bloom and annabergite occur intermixed, at times, in pro-

portions such that the red color of the former counteracts the green/ color of the latter,

a white clay-like substance being the result. There are occasionally other sulphides

present than those mentioned, especially in the wall rock. These consist of copper

pyrites and bornite, which are the sulphides of copper and iron
;
galena, the sulphide of

lead; and iron pyrites, the disulphide or iron. Zinc blende is found occasionally. These

minerals in the wall rock were probably deposited before the vein minerals.

One is struck with the great variety of these comparatively rare minerals, some

of which occur in a high percentage in the deposits. The number of metals is also

large.

One characteristic of the group is the subordinate part which sulphur plays in

comparison with arsenic. Antimony, which is not abundant, is found in some com-

pounds where we would expect to find arsenic, since the latter is so much more abun-

dant. For instance, while we have both native silver and arsenides in abundance, no

compounds of arsenic and silver have yet been recognized, although they are probably

present. Then one would also expect to find some compounds of bismuth since this

metal occurs in the free state in considerable quantities in some parts of the deposits.

It might al.so be expected that native arsenic would occur at times.

It will be seen from a following page that nearly all the chemical groups of minerals

found in the celebrated Joachimsthal deposits of Bohemia are present in the Temiskam-

ing ores. The most important exception is uraninite or pitchblende, which came into

prominence a few years ago on account of its being the chief source of the element

radium. The Austrian Government finding they had a practical monopoly of pitch-

blende are reported to have piohibited its export.

These Bohemian deposits appear never to have been so rich in silver, cobalt,

nickel or ar.sonic as are these of Ontario.
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NOTES ON MINERALS

The 5 or 6 veins, with one exception, which have been producers during the last

few mouths, all carry high values in silver, as do those discovered more recently. The
outcrop of the non-silver beai ing vein was about 14 inches in width of practically

solid ore, which had a gray color and was not unlike mispickel in appearance. Very

little veinstone, such as calcite or quartz, was present. AVhen examined carefully in

hand specimens, this apparently massive, uniform, gray ore is found to contain two

constituents. Set through the gray ground mass are grains of the coppper colored

niccolite, the ground mass itself being smaltite. Occasionally this ore in tiny vugs

shows crystals large enough to be recognized. Minute crystals of smaltite also occur in

the wall rock. No crystals of the niccolite have been recognized. There are probably

(onio other closely related arsei ides of cobalt in addition to smaltite in this ore

The diarsenide of nickel, chloanthite, is also present. At times some massive tetrahe-

drite is seen, and it is usually associated with copper pyrites, which helps one to identify

it. It is, however, usually readily recognizable by its black color and bright appear-

ance.

Much of the surface of this ore shows the decomposition product, cobalt bloom, the

arsenide having been changed by atmospheric agencies to the arsenate,

the oxidized form. There is at times some green decomposition material, which
is the arsenate of nickel, known as annabergite. Occcasionally the cobalt bloom shows
a crystalline structure, being in the form of delicate rosettes. The bloom, which is of a

delicate pink color, can be easily recognized, if one has any diflSculty in distinguishing it

from certain shades of red oxide of iron, by heating it gently, when it will take on a

blue color. This is characteristic of all hydrated salts of cobalt. They are pink or,

if in dilute solutions, almost colorless. Sympathetic ink, for instance, is a dilute

solution of a cobalt salt. If a pen be dipped into it and used for writing on paper, the

writing is invisible until the paper is heated, driving off the water and dehydrating the

salt, which then takes on a distinct blue color.

In most of the veins where silver is found in important amounts, a uniform massive

structure like that of the vein just referred to is not exhibited. There is more or less

calcite present, and at times a little quartz. The veins sometimes show a crudely

banded structure. The writer is, however, unable to say that there is any special

arrangement of the ores in these veins.

The ores are frequently grown together. Arsenides of cobalt and nickel, for

example, have native silver intimately mixed with them; at other times there is almost

massive smaltite or niccolite. Some of the veinlets which form junctions with the

larger veins contain much silver in various forms. The chloanthite occurs chaiacteris-

tically in small spheroidal masses in calcite.

The native silver is in masses and also occurs in films, flakes, sheets and wire-liko

forms, especially in calcite. On analysis it is found to contain, usually, some antimony

and occasionally bismuth. The dyscrasite is usually closely associated with native

silver. Pyrargyrite is not very abundant, and only one slab or angular piece of ore

which the writer examined contained crystals of this mineral. These were of sufficient

size to be examined with a reflecting goniometer. Fig. 2 represents one of these

crystals which has been kindly measured by Professor Gold.schmidt, of the University

of Heidelberg. The pyrargyrite is rather easily recognized by the color of its streak.

Argentite occurs in a number of the veins, and is easily recognized by its softness,

cutting like lead, from which metal it may be distinguished by its black color.

Only one sample containing the delicate needles or hairlike forms of the sulphide

of nickel, millerite, was found, although it is likely this mineral occurs in most of the

deposits. Being so delicate, the crystals are easily destroyed.

Native bismuth has been found in all of the deposits worked. On freshly broken

surfaces it has almost the color of native silver and is not readily recognized unless it

is cut. Being softer than silver, it is rather easily determined, its color distinguishing
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it from argcntite. Native bismuth, however, soon tarnishes on exposure to the air,

and takes on a rather striking yellowish color, something like that of pyrite or bornite.

The following analyses will give some idea of the characteristics of the minerals and
of the value of the shipments which have been made from a number of the deposits, the

material in one vein being similar to that in most of the others.

Fig. 2.

The following note on the pyrargyrite crystalg from the La Rose mine is'by Prof. Nicol

:

" The crystals occur as an incrustation on the surfaces of chinks or cracks in the country-

rocks, intimately associated with argentite or silver glance.

"The crystals are more or less well developed hexagonal prisms, terminated in some caseft

by rhombohedrons and scalenohedrons. The crystal reproduced in the drawings shows a

somewhat peculiar develnpment—only five faces of the prism of the first order a are present ;

the sixth face h is a single representative of the prism of the second order.''

Shipments and Analyses

The production for the first quarter year ending March 31st, during which

shipments were made, was 354.05 tons of ore valued at $293,552. The ore thus

averaged $829 a ton. The average percentage of the metals in the ore was as fol-

lows :

Silver .

Cobalt .

Nickel .

Arsenic

The 4.802 per cent, of silver represents 1,406.27 ounces a ton.

Per cent.

4.802

8.264

4,739

34.606

The cobalt, nickel

and arsenic in one car load are not included, no returns having been made.

During the second quarter, March 31st to June 30th, the shipments were 537 tons^

valued at $394, .552, or an average of $734 a ton.

The average percentage of the metals in the ore for this quarter was

:

Per cent.

Silver 4.158

Cobalt 6.890

Nickel 3.091

Arsenic 30.912

The metals in the ore were sold at approximately the following prices: Silver, 5.5

to 60 cents an oz. Troy for 90 per cent, of the contents, cobalt, 65 cents, nickel, 12 to

15 cents and arsenic about 1 cent a pound.
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During the first quarter there were four companies or individuals who made ship-

ments, namely, Messrs. Timmins, Dunlap and McMartin, of the La Rose mine, or

J. S. 14, Mr. W. G. Trethewey, of the New Ontario mine, or J. B. 7, Messrs. H.

Gorman and Co., of the McKinley & Darragh mine, or J. B. 1, and the Nipissing

Mining Company, who worked the Cobalt Hill and Little Silver veins in the north-

west and southwest corner of R. L. 404, respectively. During the second quarter small

shipments were made from one or two other properties. In the third quarter there

will probably be fourteen or more shippers and the production will be greatly increased.

The ore shipped up to the present has been sorted by hand. Much ore that would be

considered high grade in most mining camps is accumulating on the dumps. This will

no doubt be milled in the not distant future and will add materially to the output.

Further reference is made on page 20 under the heading of Veins, to the value of

shipments.

The uses made of cobalt and a table showing the production of the metal in various

countries are given on following pages. The uses of arsenic are also mentioned.

Exhibit of Cobalt-Silver Ores

Through the Bureau of Mines, arrangements were made for securing a collection of

the cobalt-silver ores for exhibition at the Louisiana Purchase Exposition, held at St.

Louis in 1904. These were obtained at the request of Mr. William Hutchison, Domin-
ion Exhibition Commissioner, who has since purchased the samples exhibited with the

object of keeping them as a permanent exhibit. They are now at the Liege Exhibition,

Belgium.

The following notes given to the writer by Mr. W. E. H. Carter, late Provincial

Inspector of Mines, show the composition and character of the exhibit. While the

exhibit was at St. Louis it was sampled by Mr. Carter, who has this to say of the

various specimens: "The niccolite contains silver not only disseminated but in pure

stringers and nuggets as well. These nuggets and stringers were not included in the

sample taken for analysis, but should be considered as very considerably adding to the

value of the ore represented by my sample.

"I. Cobalt-Silver Ore, Sample from R. L. 404:

(a) 50 lb. decomposed material with silver, containing by

estimate 30 p.c. silver, which amounts to 291 oz., and

at 56c. per oz $160 05

(a) 14 pieces wall rock silver \ ... . ... t, ^-.n ,<
,' „. . , ,^ ^5 pieces weighing 6,610 lb.
(b) 61 pieces cobalt ore j

This 6,610 lb. contains by assay

—

Silver, 2.58 oz., per ton, at 55c

Cobalt, 18.04 p.c.,—1,174.4 lb., at 65c

Nickel, 5.52 p.c.,—359.35 lb., at 15c

Arsenic, 68.24 p.c.,—3,791.42 lb., at Ic

$4 62
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There are aboub three tons in the sample $5,517 21

'III. Tretliewey's Cobalt-Silver Ore, Location J. S. 7 on map:

145 lb. in all. Of this, 15 lb. is by estimate pure silver

—

291 oz.—and at 64c $157 14

And 130 lb. is cobalt ore containing silver, and valued

at $1.50 per lb 195 00

Total value $352 14

"In valuing the above ores I have taken the prices paid by the dealers at New
York for the crude ore, which are as follows for the several metals :

Silver Market value.

Cobalt 65c. per lb.

Nickel 15.'. per lb.

Arsenic '. Ic. per lb."

The value of these samples of ore, which are to be kept for exhibition purposes,

is approximately as follows

:

(1) Sample of cobalt-silver ore from R. L. 404, weight,

6,560 lb., value $1,019 84

(2) Niccolite-silver ore fjom La Hose mine, exact weight

not given but, if it is three tons, as stated, the value

of the sample is 5,517 21

(3) Trethewey cobalt-silver ore, 145 lb. in all, value 352 14

Total value of collection $6,889 19

The cobalt is contained essentially in the mineral smaltite, which is a diarsenide

of this metal. Most of the nickel in the samples occur as the arsenide, niccolite, but

some of the metal is in the diarsenide form, chloanthite. The greater part of the silver

is in the native form, although the sulphide, argentite, the sulph-antimonide, pyrar-

gyiite, and other compounds of the metal are found in the deposits.

Sample from Trethewey Mine

Through the courtesy of Mr. W. G. Tretbewey the Bureau of Mines has obtained

a sample, for preservation in its collection, of the richer ore from his vein on location

J B 7. This sample weighs 79 lb. (Fig. 3). Drillings, obtained by boring into the

sample, show it to have the following composition. The calcium and magnesium car-

bonate represent the veinstone. The cobalt and nickel exist as arsenides and the silver

is essentially in the metallic form. Some of the iron shown in the analysis may have

come from the drill.

Per cent.

Silver 66.67

Cobalt 2.15

Nickel 41

Iron 1-60

Arsenic •.
7 .03

Antimony 9-67

Sulphur 22

Calcium carbonate 6.72

Magnesium carbonate 1-23

Insoluble 3.29
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The value of the silver in this 79-lb. sample, at 58 7/8c. an ounce Troy, the present

market price, is $451.16.

White Bloom

Associated with the cobalt bloom in the weathered parts of the La Rose and other

veins there is a white, clay-like material, which resembles in form the moist cobalt

bloom. The writer suspected that the white color of this material was due to the

intermixture of the green nickel arsenate, annabergite, sometimes known as nickel

bloom, with the pink cobalt bloom. An analysis made by Mr. Burrows confirmed this

V'iii. 3. Slabs of silver from the Trelliewey jMine, location J. H. 7. The slab standing
upright by the hammer is the 79 pound spL-cimen referred to in the text.

opinion. It is a rather interesting occurrence. In pottery the blue cobalt compounds
are used in small amounts to destroy the delicate reddish tinge due to iron in the

ware. In this white bloom we see one color destroyed by another in nature.

Per cent.

Nickel oxide 29.E0

Cobalt oxide 6.43

Arsenic pentoxide 38. ol

Lime .84

Magnesia 1.12

Iron 30

Water 24.04

Total 100.24

Mr. Burrows says: "In evaporating the solution of the metals I had a very

interesting result. The solution is quite concentrated, and on cooling, green acicular

crystals of the nickel compound separated out, while the solution above and around
them was quite pink. The original solution before the crystallizing out of the nickel

compound was quite blue."

2 M. (TI)
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Mixed Dark Mineral

There is a niiiioial, or mixture of minerals, of fairly common occurrence in sonio

of the narrow stringers which run off from the La Rose vein and elesewhere. Some ot

this was sent to Mr. Burrows for analysis. He has, however, not been able to get a
,

sample which he (oiisidercil rcpro.s(>ntcd a siiigk' niinoral. From one specimen sent to

him by the writer he obtained the following percentages:

Per cent.

Silver 57.40

Sulphur 15.94

Antimony 7 .92

Iron 3.88

Arsenic .52

Mr. Burrows afterwards analy.sed other samples but with unsatisfactory results.

For instance, he found the following percentages of silver: 47.24, 47.38, 64.29, 62.56,

63. He also proved the presence of lead in samples examined later. In one case he

got 9 per cent, of lead, and in another only about 1.8. He found these samples to

show considerable free silver, which no doubt accounts for the varying percentages of

this metal, and that the mineral did not look the same in all parts, some of it being

of a dull lustre and other parts bright.

Chloanthite

A sample of chloanthite, in nodular form, from La Rose mine, J S 14, analysed as

follows

:

Per cent.

Nickel 23.Z4

Cobalt 4.11

Silver 2.78

Sulphur 2.18

Arsenic 67.17

Antimony
f
— .... none

Total 99.48

Niccolite

A sample from the La Rose mine, consisting essentially of niccolite^ was found to

contain 5.02 oz. of silver to the ton, and nickel, 26.64; cobalt, 6.16; arsenic, 45.64 per

cent.

Cobalt Hill Ore

The deposit known as the Cobalt Hill Vein, in the north-west corner of R L 404,

was described on page 99 of the Thirteenth Report of the Bureau. For comparative

purposes it will be well to again refer to that description. The workings at this vein

can be seen from the railway track on the west side of Cobalt Lake. The vein was one

of the four which had been discovered at the time of my visit to the district in Noveni-

tier, 1903. The ore is unique in that unlike that of the other important veins of the

area it does not carry silver in paying quantities the values being in cobalt, nickel

and arsenic. From a glance at the plan it will be seen that the strike of the vein,

north-west and south-east, is unlike that of most of the other veins. Moreover, this

vein contains little calcite or other gangue. It is believed that the calcite, which is

found in considerable quantity in the other veins, is, for the most part, later in age

tlian the cobalt-nickel minerals, and that it is older than most of the silver at least.

The silver frequently occupies cleavage tracks in the calcite.

The more or less well banded slaty greywacke, through which the Cobalt Hill vein

cuts perpendicularly, dips westward towards Cobalt lake at an angle of 20 or 30 de-

2a M. II.
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giees in the direction in which the vein strikes. The rock is slightly arched over the

vein, thus producing a gentle anticline, which pitches towards the lake (Fig. 4). The

vein is at a height of 100 feet above the lake.

The vein at the points where it was originally exposed, showed a width of 14 inches

of massive ore, and vugs two feet or more in the wall rock from the edge of the vein

contained cobalt bloom. It may be added that in certain of the other veins the wall

rock is impregnated with native silver, which is found even in the centre of boulders

of granite in the conglomerate.

Fig. 4. Cobalt Hill vein, northwest corner of location R. L. 404. The |jluitoi;raph shows
the fractured character of the rock and a gentle anticline. The vein is seen to be in step-like

forms as if it had lieen affected by hori/ontal faults, but the ore s not brecciated.

The ore has a rather dark-gray color. When closely examined it is seen to be

composed of a grey mineral, which is chiefly smaltite, set through which are grains of a

reddish mineral, niccolite. Smaltite and the corresponding arsenide of nickel, chloan-

thite, are said by most authors to pass into one another by the substitution of cobalt

for nickel and vice versa. Niccolite, in the analyses quoted by Dana and others, carries

only a small percentage of cobalt and iron, while smaltite frequently contains a con-

siderable percentage of nickel and iron. In the ore under consideration the cobalt and
nickel appear to be, for the most part, in distinct compounds. In the analysis (No.

1) if we consider the 7 per cent, of nickel to exist as niccolite, and the percentages of

iron and cobalt 6.3 and 16.8 respectively, to represent smaltite. the theoretical per-

centage of ar.senic in the ore should be 68.47 instead of 69, as found by analysis. The
percentage of niccolite by weight would be 1.').94, or about one-seventh part of the

whole by volume, since niccolite has a somewhat higher specific gravity than smaltite.

5

Specimens of the ore. when examined with the magnifying glass, appear to agree with
this.

5 Specific gravities: niccolite 7.33-7.67, smaltite 6.4-6.6. native silver 10.1-11.1.
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Conatituent.

Cobalt
Nickel
Iron
Arsenic
Sulphur
Insol. silica, etc .

Water

16.8
7.0
6.3

0.9

16.7
6.8
7 5

62.0
7.0

16.76
6.24

66.60
3.37

19.80
4.56
6.20

60.30
4.09
2.40
2.00

Totals . 100.0 100.0 S9.3.5

21.70

8.>9
63.5.T

5.38
0.06

99.92

Of the above analyses, Nos. 1 and 2 were made by Mr. 0. S. James. The former

represents a hand specimen from near the surface, and the latt«r a specimen from a

depth of about 20 feet ; 3 and 4 are of average samples collected by the writer, the

lormer from the uppermost opening on the hill, and the latter from the middle or

main opening, the analyst being Mr. A. G. Burrows. Sample 3 contained considerable

cobalt bloom. Analysis 5 is by Dr. J. AVaddell. It represents a specimen collected by

Prof. Xicol. This specimen was not taken, like 3 and 4, with the object of determin-

ing the average composition of the vein. Prof. Nicol states that a qualitative analy-

sis showed the presence of small amounts of copper and lead, and the absence of

antimony, bismuth and zinc.

7

Fig. 5. Smaltite crystals from the Cobalt Hill vein, meas-ured and drawn by Prof. William
Nicol of the Kingston School of Mining. C=cube, P=octaheilron, d=r.=d()decahedron.

Minute, brilliant, silver-white, or tin-white, crystals, occur sparingly, imbedded in

the wall-rock and in the ore. The crystals are cubes and combinations of this form,

with the pyritoliedron or rhombic dodecahedron, and octahedron. Prof. Nicol, who
has measured some of these on the goniometer, has found them to be smaltite, (Fig. 6).
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The wliite or gray colored arsenides show a tendency to form globular or spheroidal

masses, wi:h a radiated structure. Some of these masses in calcite have a diameter of

over half an inch.

The ore is at times somewhat porous, spaces being left between the globuWs, wlnnn

are tarnished almost black on their surfaces. Where the surface of the ore has bet-n

exposed to the action of water and ice it has a dark color not unlike that of the wall

rock, bloom, the product of decomposition, having been carried away. The fresh ore

is coated with a fraction of an inch of the dark decomposed material.

Small grains of quartz are found sparingly in the ore.

The proportion of nickel to cobalt in this vein is less than that in the La Rose vein

particularly.

Copper pyrites, with which is usually associated gray copper ore, tetrahedrite, is

found in the deposit. Native bismuth is also of frequent occurrence.

Tetrahedrite

Mr. Burrows found a specimen of the tetrahedrite, which occur massive, to possess

the following composition :

Per cent.

Copper 36^04

Sulphur 22.86

Antimony „ 21.86

Zinc 8.14

Iron 9.84

Cobalt none
N ickel none
Lead none
Arsenic not det.

98.74

Tetrahedrite is frequently met with in the Trethewey mine, J B 7. Native bismuth

has been found in practicallly all the veins which have been opened up.

Native Bismuth

Per cent.

Bismuth 99.20

Cobalt distinct trace

N ickel trace

Iron .40

Silver t race

Arsenic trace

Antimony none

Total 99.60

This analysis represents a sample from the Cobalt hill vein.

Veinlets at Lake Shore

Two veinlets outcrop near the water level on the east side of Cobalt lake, not far

from the point where the north boundary of location R L 404 meets the shore. A
sample was taken from these veinlets and was found to have the following composition,

showing that it is much like the massive ore of the vein in the north-west corner of

R L 404 :
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(2)
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Per cent.

I'ime 55.72

Magnesia none
Iron and alumina .12

Carbon dioxide 43.74

Insoluble residue none

Total 99.58

Other Silver Ores of the Region

What has been known for years as the Wright silver mine is on the Quebec shor«

of Lake Temiskaming. It is distant about nine miles north-eastward of Cobalt station

and lies about seven milts liorthward of the village of Ville Marie. Some of the rock

ijere is conglomerate, associ:itcd with wliich is porphyry. The latter is similar to rock

in Minnesota which has been considered to be of doubtful origin. The ore body lies

in a zone of fracture which penetrates both of the rocks mentioned. Angular frag-

ments of these rocks, sometimes a foot or more in diameter, are cemented together by

calcite and galena. The pure galena has been found to contain from 18 to 24 oz. of

silver to the ton of 2,000 lbs. Iron pyrites is found in small quantities associated with

tlie galena, and is thought to be the source of the trace of gold usually present in the

ore.

Four years ago the writer visited this mine when it was in operation. The depth

of the workings, which in the lower levels had the form of a circular chamber, was

said to be about 200 feet. Work ceased shortly after this and has not been resumed.

The equipment consists of a concentrating plant, including jigs, tables and other

machinery. There is also a small smelter on the grounds. Considerable capital ap-

pf'ars to have been expended in experimenting. Whether the deposit could be worked
at a profit under proper management does not seem to have been proved. The con-

centrates were shipped to Europe.

The ore body is unique. An outcrop near the water's level together with the

material on the dump afford an opportunity of learning its character. Two or tliree

rather basic dikes are seen near the workings. These are probably of the same age

as the fracture zone now occupied by the ore body.

On Lady Evelyn and Cross Lakes

Silver-bearing galena is found at Cross Lake, which lies south-east of Lake Tema-
gami, and at Ladv Evelyn Lake. According to Dr. Barlow there are quartz veins on the

Matawapiki. as the last stretch of Lady Evelyn lake, before reaching the Montreal

river, is called. These quartz veins are found here on both sides of the lake, and occur

at the contact of the intrusive diabase and the banded slate, and in the latter. The
minerals are galena, copper pyrites, iron pyrites, and zinc blende.

There is a deposit on an island in Cross lake, which lies immediately east of the

south arm of Temagami. The minerals are galena and copper pyrites in calcite. A
sample showed the following values per ton : gold $2.00. silver $9.20. copper $4.20,

lead. $4.00, or a total of $19.40.

Galena and copper pyrites Lave also attracted attention in the vicinity of the

Blanche river, especially along the upper part of the north branch.

THF COBALT=SILVER VEINS

It is not considered necessary to give a detailed description of each vein

in the district, the character of one being usually so much like that of

another. The distribution and strike of those found up to June, 1905. are

shown on the plan which accompanies this report. Many veins have since been dis-

covered, especially on the older properties. Scarcely any of the veins have been stripped
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for their full length. Most of those worked have been developed in the form of open

cuts. The vein first discovered on the La Rose claim J S 14, on which several others

have since been found, has been developed more systematically than any other in the

district. A shaft has been sunk and about 250 feet of drifting has been done at the 80

foot level, following the vein in both directions from the shaft. The drifts prove that

the vein is at least as large and as rich at this depth as it has ever been. In the 2.50

feet the drifts have passed through comparatively little barren ground. Approximately

$1,000,000. worth of ore has been blocked out on this vein. As the ore body here is

probably the largest yet found in the area it would not be correct to infer that smaller

veins can be followed as persistently. The La Rose ore differs somewhat from that of

the other veins in that it contains a higher percentage of niccolite, the nickel averaging

about 10 per cent.

To give an idea of the character of the ore of one of the other veins it may be said

that an open cut, about 50 feet long and 25 feet deep, on the Trethewey vein, location

J B 7, has produced approximately $200,000 worth of ore, the maximum width of the

vein being not more than 8 inches. The amount received for one car load of 30 tons

of ore from this mine, at the prices for the contained metals mentioned elsewhere in this

report, was between $75,000 and $80,000. A shipment of 50 tons of the ore gave on

analysis approximately the following percentages of metals:—arsenic, 38; cobalt, 12;

nickel, 3.5; and 190,000 ounces of silver. Pay was received for cobalt and silver only.

Most of the cobalt-silver veins occur in what is called on the map which accom-

panies this Report the Lower Huronian. A few have been found in the diabase.

There is no reason, so far as the writer can Bee, why the veins should not also occur

in the under-lying Keewatin and some of the more recently discovered ones, near the

centre of location R. L 404 appear to be in this group. The Keewatin greenstones and

other rocks are tougher and do not fracture with the same ease as the over-lying series

of the Lower Huronian. Hence the solutions have not had the same freedom of move-

ment in the former as in the latter. In so far as the precipitation effects which the

rocks of either series may have on solutions working through fissures in them there seems

to be little difference between the two. Many of the pebbles and boulders and much
of the cement material in the Lower Huronian have been derived from the under-lying

Keewatin. Hence one would think they would have about the same influence in precipita-

ting substances from solutions as the rocks of the latter formation. The distribution

of the Lower Huronian, as will be seen from the map, is irregular. At one time, in all

likelihood, it formed a complete layer or mantle over the uneven surface of the older

rocks. This has been removed to a considerable extent by erosion, leaving the rocks

now in more or less isolated belts and patches.

The more important veins so far found in the Lower Huronian lie in what may be

called three parallel belts. Those first discovered are in a belt which runs abou; par-

allel with the railway in the vicinity of Cobalt lake. A small belt connects the north-

eastern corner of Peterson lake with the northwest corner of Cross lake. A third belt

stretches from Giroux lake to the southeast end of Cross lake, in which imporcant de-

posits occur. Although these three belts have a strike approximately in a northeast and

southwest direction, the strike of the veins is not uniform, as will be seen from the

plan. Those on J B 7, J B 6, and on the location immediately southwest of the latter

claim strike east and west. The veins on J S 14 and J B 1 strike approximately north-

east and southwest, while that in the northwest corner of R L 404 strikes northwest

and southeast. The vein in the southwest corner of this location strikes east and west,

which is the direction of strike of the majority of the veins.

Dimensions

None of the veins are wide. The width of ore in the Trethewey vein on J B 7, for

instance, liad a maximum width of about 8 inches, while the vein in the northwest

corner of R L 404 has 14 inches of ore and that on J S 14 showed about 18 inches
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Some veins which have been traced 100 feet or more average not more than one inch

in width (Figs. 6, 7, 8, 12).

The surface, being uneven and more or less covered with loose deposits and with

green timber, does not afford an opportunity of tracing the outcrops of the veins any

great distance, and it is not known definitely how long most of the loutcrops would

prove to be if the material referred to were removed from the surface of the solid

rock.

It is also impossible to give much definite information concerning the depths to

which these veins will reach. As already said, most of them do not appear to cut

throu<i-li the older Keewatiu series which forms an uneven surface below the Lower

Fig. 6. Trethewey vein and discovery post, J. B. 7, May, 1904.

Huronian. In the vicinity of Cobalt station the latter rocks are found on hill-tops

which stand about 500 feet above the low water level of Temiskaming, where similar

outcrops are found. We have reason for saying, therefore, that the Lower Huronian

conglomerates and other rocks associated with them may in some places have a thick-

ness 'of at least 500 feet. In other places this series is entirely wanting, outcrops of

the older Keewatin and later diabase forming the surface.

The depth to which a vein may reach depends, therefore, on whether it descends

into an old valley of the older rocks or whether it lies above a former hilltop. No one

can tell this of course without diamond drilling or sinking a shaft. Evidence of the

probable thickness of the Huronian or vein-bearing formation can, however, be deter-

mined by noting the outcrops of the Keewatin or the intrusive diabases. An exposure

of Keewatin surrounded by the Lower Huronian represents an old hilltop. It is there-

fore evident that a vein which strikes towards this outcrop is likely to have a less
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depth near the outcrop than some distance away from it. Similarly, if a diabase dike

or mass cuts through the Lower Huronian in a vertical direction we have evidence of a

greater depth in an adjacent vein than if the diabase cut through the Huronian at a

lower angle. In tlie latter case the vein may be disconnected or cut through by the

diabase at no great depth from the surface. Examples of both of these occurences can

be cited in the field. It is likely, however, that in some cases, at least, a vein passing

downward tlirough Lower Huronian conglomerate or slate will penetrate sheets or sills

of diabase which it may encounter. Similarly veins starting at the surface in a dia-

base sheet or sill will likely penetrate underlying conglomerate or slate, judging fro'ii

what we know of the veins of the Port Arthur district were the diabase bears a similar

relation to tlie fragmental series.

Kig. 7. Vein showing on the wall of a pit at the La Uuije mine November, lii04. The
witlth ol the vein is equal to the space between the head of the hammer and ilie man's hand
on tlie handle.

Across the railway track from the La Rose vein, and only a short distance from

it, there is an exposure of diabase. This diabase dike, however, shows a vertical face

and therefore is seen not to affect the vein. The diabase in some parts of the field has

a laccolitic or sill-like structure, overlying the conglomerate and slate, as for example

on the western edge of Diabase Mount east of Peterson lake.

Distribution of Veins

The veins in the vicinity of Cobalt lake are indicated on the map by the sign- —
the direction of the line indicating their strike. Some of the veins in the other two
small belts which were mentioned above are not thus indicated, as little work was done
on them at the time of writer's visit. They are shown on the plan which accompanies this

paper. Smaltite, associated with native bismuth and other minerals, has been found
on the north end of lot 15, concession 1, of Bucke, and also on lots not far from the

shore of late Temiskaming in the second concession of this township. These are not

shown on the plan.
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Ore in Diabase

There are three or four exceptions to the statement that the veins occur in the

Lower Huronian. Near the north-west corner of Cross lake, for instance, silver and

associated metals are found in diabase along the face of a steep cliff. This diabase

mass is, however, overlain in the vicinity by fragmental rooks. Lower Huronian, and it

is probable that these originally contained veins whicli have been worn away, the mate-

rial in the diabase representing the downward continuation of the veins. On the north

end of lot 2 iu the third concession of the township of Dymjnd, and on the south end

of lot 2 in the third concession of the same township, cobalt bloom has been found in

tlie diabase. This knoll of diabase is, however, overlain around its base by Lower

Huronian rocks which have at one time undoubtedly covered the whole of the diabase

mass. Here too it is likely that veins at one time occurred in the over-lying series

which has been removed. Veins have recently been found in the diabase on the Handy
and Jacobs locations.

^JJ*" -.'>• ilt^

Fig. 8. The hammer is on two veins i>r branches of a vein on the face of a pit at the

La Rose mine November, 1904.

On lots 9 and 10 in the sixth concession of the township of Ingram, 30 miles north

of Cobalt station, quartz veinlets in diabase contain bloom and smaltite. Considerable

bloom and smaltite have also been found in Keewatin greenstone on the east side of

Trout lake and for a mile eastward. This lake lies south of the head of Bay lake

on the Montreal river.

Distribution of Ores

A peculiar occurrence of cobalt and nickel with gold has recently been discovered

on Rabbit lake, east of Temagami and about 30 miles south of Cobalt station. The

outcrop is at the water's edge and the deposit has not been uncovered back from the
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shore. The rocks here have been more disturbed and are much more highly metamor-

phosed than are those in the vicinity of Cobalt station. They appear, however. :o

belong to the Lower Huronian conglomerate—greywacke series. The ore body, about

18 inches wide, is in a zone of fracture. Through the chlorite schist which occupies

this disturbed zone is a reddish felsitic matorial. which cannot be definitely named

without a microscopical examination. Veinlets and impregnation of a grey cobalt-

nickel ore occur sparingly in both the chloritic and felsitic material. An analysis

of some of the more highly mineralized material gave the following results

:

Per cent.

Arsenic 22.53

Cobalt 8.76

Nickel 6.56

Gold $8.80 a ton.

Silver 1.10 "

This unique deposit is of interest since it sliows that cobalt-nickel ores are to be

looked for so far south of Cobalt station. The Rabbit lake occurrence is about the

same distance south of Cobalt station as those of the township of Ingram are north if

it, thus showing that the cobalt-nickel ores are distributed over a distance of at least

60 miles in a north and south direction.

A tract of country 75 miles or more in length, stretching from the vicinity of

lake Temagami northward to the height of land and beyond, contains outcrops similar

to those which are shown on the map of the area under consideration. As our map
shows, the outcrops form a patchwork-like structure. In some part of the area the

conglomerate outcrops are much larger than they are in others. In a few of the areas

the conglomerates and other members of the Lower Huronian have been practically all

removed by erosion, leaving the surface composed of the Keewatin, Laurentian or

later diabase. Areas of considerable size are occupied by the arkose and quartzite of

what we have called the Middle Huronian, in which no veins have been found. In

any area containing conglomerates and greywacke-slates of the Lower Huronian, it

is possible that cobalt-silver veins, similar to those in the vicinity of Cobalt station,

may be discovered.

ORES OF THE KEEWATIN

Associated with the greenstones or schists of the much disturbed Keewatin are

characteristic ores.

These rocks are found in numerous localities in northern Ontario between the west-

ern boundary of Quebec and the eastern boundary of Manitoba. In many places they

are iron-bearing, the typical iron formation being composed of interbanded magnetite

or hematite with ja.sper or some other closely related silicious material.

These outcrops of the iron formation, or iron ranges as they are called, have at-

tracted the attention of many writers. Some of the most important of them are the

following : those of lake Temagami ; that in the township of Hutton ; the Michipicoten

iron range, and farther west the Mattawin and the Atikokan. In fact, all of the iron

ranges of the northern part of the Province, with the exception of those in the Animikie

or Upper Huronian series in the vicinity of Port Arthur, and the titaniferous iron ores

which are found in a number of places, belong to the Keewatin. There are two or

three interesting occurrences in the area under review which show that this Keewatin
iron formation has at one time been well developed here. Immediatelj- south of Sharp's

Landing, near the shore of Temiskaming, there is an outcrop of the interbanded material

which is only about 25 feet in length. Xo other rocks of the Keewatin are here ex-

posed, the Lower Huronian being distributed over the rest of the surface in the locality.

The rocks consist of conglomerate and greywacke slate. The pebbles in these show nu-

merous representatives of the iron formation.
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A Buried Iron Range

It is tlius seen that we have here a portion of a buried iron range. The strike jf

the interbanded material in the exposure is somewhat north of west. In the outcrops

of conglomerate which are shown on the map in the township of Hudson are found

large blocks of this iron formation in the direction from the outcrop at Sharp's Land-

ing represented by the strike of the interbanded material at the Landing. We have

thus good evidence that the iron range or formation lies at no great distance from the

surface in this part of Hudson. Between these outcrops of conglomerate and Sharp's

Landing the range is cut through by diabase and it is overlain by Niagara limestone and
recent clay deposits in addition to the Lower Huronian. Tliis iron range no doubt

extends farther west tlian Hudson. It has been covered up since Lower Huronian
times, as shown by the fact that it is overlain by rocks of this series, and has therefore

not been subjected to glaciation, which is supposed to have produced injurious effects

on the iron deposits of Ontario, it having been held by some writers, for instance, that
the soft ores in these deposits have been gouged out and carried to the southward.
Near the .southwest corner of Cross lake in the town.ship of Coleman there is a small
exposure on the shore which al.so carries large angular blocks of the iron formation.
There is, in all probability, a portion of a buried iron range in this vicinioy. Much of

the conglomerate in various parts of the area contains jasper pebbles and other mate-
rial derived from the iron formation.

In addition to the iron ranges which are found in the vicinity of lake Temagami,
2.5 miles to the south of Cobalt, there are outcrops of similar material in the township
of Boston to the northward. The outcrops in this township are described in another
paper in tliis report.

Iron Pyrites

The iron pyrites deposits of this part of Ontario also belong to the Keewatin.
One of these is shown on the map near tlie Montreal river, south of the township of
Coleman. Others have been worked still farther to the southward between this point
and lake Temagami. Copper pyrites has attracted attention at numerous places in
this series, but, so far as the writer knows, no large deposits of tliis mineral have as
yet been found.

Arsenic

Near the railway track, a short distance north of lake Temagami, two deposits of
auriferous mispickel are being worked in the Keewatin. These are known as the "Big
Dan" and "Little Dan" prospects, respectively. Mispickel is the sulph-arsenide of
iron. It seems strange that it should be gold-bearing while 25 miles to the north the
arsenides of the metals cobalt and nickel, which are closely related to iron, are silver
bearing. Arsenic occurs, therefore, in this district in considerable abundance. The
rule derived from the deposits already worked is that the ores of this metal in the Kee-
watin are gold-bearing, while those in the over-lying Lower Huronian are silver-bear-
ing. Why this should be the case is difficult to explain. It may also be added that the
pyrite, especially in the vicinity of lake Temagami, practically always carries some
gold, frequently from one to two dollars per ton. Gold has, however, been found in
Lower Huronian ore. That of the Benn mine, lot 15 in the first concession of Bucke.
showed $5.20 to the ton in one sample, the ore being cobaltite. a compound related to
mispickel, and that from Rabbit lake is also gold-bearing.

The ores of Temagami and Cobalt station, both being rich in arsenic, would seem
to warrant the erection of an arsenic refining plant somewhere along the railroad bet-
ween these two points. In so far as the writer knows there is not another site as prom-
ising tor a plant of this chaiacter in North America. Water power is available

Arsenic is marketed in the form known as "White arsenic," As._, 0;,. This oxide
IS produced by roasting various minerals containing the metal. These minerals contain
a much lower percentage of arsenic than do ores from most of the Temiskaming cobalt-
silver deposits.
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Up to a few j'ears ago the only arsenic plant in North America was that at Deloro,

Hastings county, Ontario. Here the ore is a gold-hearing mispickel, similar to that

of Temagami. More recently an arsenic plant has been erected in the state of Wash-

ington and another in Virginia. The production of these plants is not large.

White arsenic contains theoretically 75.8 per cent of arsenic and 24.2 of oxygen.

One pound of arsenic in an ore, if roasted, will therefore produce, theoretically, about

one and one-quarter pounds of white arsenic.

During recent years white arsenic has been worth about $60.00 a ton or three

cents a pound. In the year 1903 the United States imported $256,097 worth of white

arsenic, metallic arsenic and arsenic sulphide.

The greater part of the white arsenic produced at tlu> Deloro works was consumed

in the plate glass industry of the United States. It is said that if the glass manufac-

tures were assured of a constant supply at satisfactory prices they would use white

arsenic in place of the oxide of antimony which they commonly employ as an oxidizer.

Other uses of white arsenic are in Paris green and various paints, in sheep dips,

insecticides, aniline dye works, etc.

An instructive paper, by Mr. J. Walter Wells, on the manufacture and uses of

arsenical compounds is published in the Eleventh Report of this Bureau, pages 101 to

122. Papers by Messrs. Kirkegaard and Wright are to be found in the transactions of

the Canadian Mining Institute, vol. 2, 1897, and vol. 4, 1901-2.

LIMESTONE

It will he seen from the map that the Niagara limestone forms some large outcrops

on the islands and in the vicinity of the shore near the northwest corner of lake Temis-

kaming. This limestone affords stone suitable for building and for the production of

lime, and on this account should be of considerable value in the years to come, since

limestone is a somewhat rare material in most of this northern part of Ontario. The
district to the west and north is being rapidly settled and will soon contain a large

population which will need much material for building purposes. The following is an

analysis of a sample of limestone taken from Farr's quarry, Hailejbury :
—

Per cent.

Insoluble residue 1.60

Ferric oxide and alumina .66

Lime 29.50

Magnesia 21.59

Carbon dioxide 46.84

Sulphur trioxide .70

100.89

This limestone fo-mation extends northward, although overlain by clay and similar

deposits in many places, and has been observed by the writer along the south branch

of the Blanche river below what is known as the Mountain portage.

Considerable attention has been paid to the limestone area, Sir William Logan

having first described it years ago. It has been shown that the series here is more

closely related to the Niagara of Southern Ontario than it is to the Niagara areas to

the north and west.

CLAY

A couple of miles northward of Cobalt station the agricultural region of this part

of northern Ontario is met with. The soil is essentially a well banded clay (Figs. 9, 10).

Between this point and the height of land, or watershed, between the Hudso.i Bay and

Ottnwa river waters, the cLiy does not form a continuous mantle, but there are large

areas of tillable land which is being rapidly settled. Outcrops of solid rock, in many

cases representing hill tops which project through the clays, are seen. North of the
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height of land, however, is a large agricultural area, estimated at 16,000,000 acres, and
known as the "great clay belt," in which exposures of solid rock are few in number.
The clay on both sides of the height of land is pretty uniform in character. Following

is an analysis of the clay in a cut on the railway between Haileybury and New Lis-

keard. It will be seen that the lime and magnesia are rather high. This is owing to

alternate bands containing considerable marl. The clay effervesces strongly in acid.

^..

. V;

X

V-JJL^.
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Fiji. 9. Ueilileil clay in railuay out bet.vm-n Haileybury au'l Xew Liskeanl.

Per cent.

Silica

Alumina '

Ferric o.xide

Lime
Magnesia

Potash

Soda

Sulphur trioxide

Loss on ignition

52.00
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group lies immediately south of Glen and Kerr lakes in the southeast of the rectangle.
It will be seen that while the belts of the fragmentary rocks, of what we have called
the Lower Huronian, strike approximately northeast and southwest, as for example
the Glen and Kerr lake belt, the majority of the veins have a strike different from
this. It would also appear that the veins in this area have little connection with the
disturbance or disturbances which caused the great majority of the larger rivers and
chains of lakes in the district to follow one or other of two well defined directions.

A glance at a general map, such as the "Map of Part of the District of Nipissing,"
pul)lished by the Department of Lands and Mines of Ontario, will convince the reader
that the system of water courses in the district is a truly remarkeble one. The Nipis-
sing and Temiskaming map sheets published by the Geological Survey, Ottawa, show the
system to hold over a still larger district. The chief water courses, as the maps show,
follow either a northeast and southwest, or a northwest and southeast direction.
AVhilo both of these courses are indicated clearly on the maps, the latter is the more
prominent.

Fig. 10. A part of the face of the cut shown in Fig. 9 enlarged.

N.W —S.E. Water System

The Temiskaming and Northern Ontario Railway, recently completed from North
Bay junction, on the main line of the Canadian Pacific railway, has naturally been
constructed along the line of least resistance, or in other words, it has been built for

the most part along a line of depression in order to avoid costly rock cuts. The map
shows that this road practically parallels, running in a northwestern direction, the Otta-
wa river and lake Temi.skaming for the first 90 miles or more of its course, to the crossing

of the Montreal river at Latchford station, the railway being 15 or 20 miles to the west-
ward of the Ottawa At Latchford the railway turns northeastward and runs for 12 or

14 miles, parallel with the second great sy.stem of water courses, to Haileybury on Lake
Temiskaming. The direction followed by the railway for the first 90 miles of its course
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proves that there is a line of depression here, parallel with the Ottawa river and

Lake Temiskaming although it is not indicated by water courses on the map along the

greater part of the route.

Continuing northwestward from AVabi bay, the northwest corner of Lake Temis-

kaming, and in line with the direction followed by the main body of this lake and the

Ottawa river for about 75 miles, there is a water course, Wabi creek, which flows

southeast for about 15 miles. In line northwestward from this point on AVabi creek

the map of Nipissing does not show any prominent water course in a direction north-

west and southeast for about 15 miles, although two branches of the Blanche river

cross this space on the map in a direction northeast and southwest, parallel with the

other great system of water courses. Fifteen miles in line northwestward of that part

of Wabi creek referred to, the Lake Temiskaming-Ottawa river line is continued north-

westward by what is here known as the south branch of the Blanche river. For 15 miles

northwestward here the river is represented by lake expanses, Long and Kenogami

lakes, and for 15 miles above the upper of these lakes, the river is ascended in a

northwest direction to the limits of the map of Nipissing, to which reference has beea

made.

The length of the line followed northwestward from Mattawa by the series of

water courses mentioned—Ottawa river. Lake Temiskaming, Wabi creek. Long and

Kinogami lakes and the upper part of the south branch of the Blanche river—ia

approximately 135 miles.

It will be seen, however, that there is a bend in Lake Temiskaming near the point

where the Montreal river enters it. The lower part of the lake and Ottawa river ar?

therefore more in line with the Montreal river than with Wabi creek.

The Blanche river enters the northeastern expansion of Lake Temiskaming and
the main stream and Round lake branch follow a northwest line for a distance of 35
or 40 miles. This northwest axis of the Blanche lies parallel with the Wabi creek-Lake

Temiskaming axis and 9 or 10 miles to the northeast of it.

A third water course which shows a striking parallelism to the two described is

that of the Montreal river, which lies 10 or 11 miles southwest of the northwest axis

of the Ottawa river. From the railway crossing at Latchford station northwestward
through Bay lake and the townships of Auld, Barber, James, to the edge of the

Nipissing map, the line of the river holds its northwestward course for over 50 miles.

Southeastward from Latchford station the line of weakness, if we can so call it, is

continued through Straight, Johnny and Rib lakes for 9 or 10 miles. It will be seen

that in the township of Barber and immediately below Latchford station, for example,

the river changes its course for 3 or 4 miles, here following the direction of the other

great system of water courses, that is the northeast and southwest one, but it gets back

again into its normal northwest and southeast couise.

Immediately east of the Cobalt-Silver area there is a chain of small lakes—Cross,

Kirk, Chown and Goodwin—with cojinecting streams, which follows a clearly defined
noithwest and southeast direction, parallel with the shore of Temiskaming, distant 3
miles to the eastward.

N.E.—S.W. System

The water courses and lake axes which lie in a northeast and southwest line are
not so prominent on the map as are the northwest-southeast ones just described; still

they form a not indistinct system. If a line be drawn on the map from near the
mouth of the Quinze river, at the north-east extremity of Lake Temiskaming, south-

westward to Latchford station on the Montreal river, a distance of 22 or 23 miles,

and beyond, it will be seen that it follows the main axis of the large north-east bay of

Lake Temiskaming, and that the longer axis of Cobalt lake lies parallel to it.

Several other small lakes—Short, Pickerel and Bass—lie approximately on this line,

as does also that part of the Montreal river between Latchford station and the Sandy

3 M. (II)
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portage. Farther southward it will be sten that one I0115 narrow arm of Lake Tema-
gami and adjacent bodies of water follow a northeast and southwest line for over 20

miles. Rabbit lake, cast of Temaganii, has one Erm 5 or G miles in length lunning in

the same direction and another whose axis follows a northwest-southeast line. The

two arms of Obabika lake, to the west of Temagami, show a similar relationship, one to

the other.

The most striking water course following a northeast-southwest line is, however,

the northeast or what is sometimes called the Abitibi branch of the Blanche river.

There is a string of eleven lakes here between Windigo lake, north of the township of

Ingram, and the Quebec bounda-y, a distance of 15 miles. To the southwestward in

the townships of Armstiong and Henwood the south branch of the Blanche follows

about the same direction. Otter and Wright creeks which run from the Quebec

boundary into the Blanche river, between the head of Temiskaming and Tomstown,

flow in a southwest direction.

At points where the two systems of water courses join a number of striking V-like

turns are shown in lakes and rivers, as for example, those formed by (1) the two arms

of Rabbit lake. (2) the northeast arm of Temagami with the main body of the lake, (3)

the turns in the Montreal river at Latchford station and at the Sandy portage. (4) the

longer axis of Wabi bay with that of Paulson's bay at the head of Lake Temiskaming.

The angles thus formed appear to be slightly less than a right angle and the V in all

but one of the cases mentioned points southward. The axes of the two arms of Oba-

bika lake form an angle greater than a right angle, which points eastward.

Considering the great variety of rocks cut through by the water courses of the

two systems, the regularity of their courses over such a large district is remarkable. A
few lakes and streams have their longer axis lying in a north and south or in an

east and west direction, but they do not form a system comparable to either of the

other two.

Origin of the Systems

Concerning the origin of the two great systems of water courses little can be said

at present. It is impossible to say whether the courses follow fault lines or simply

folds. They have doubtless been due to regional disturbance in post-Middle Huronian

times. :Much of the surface of the country is covered by recent and glacial dposits,

and the rocks where exposed present such a complex of igneous and metamorphored

fragmental material, with minor faults and folds, that it will be difficult to prove the

existence of what may be called regional faults or folds.

At Cobalt lake, which has its longer axis parallel with one of these regional axes,

if we may so call them, the beds of the Lower Huronian greywacke-slate and conglomerate

dip towards the lake, as shown at the veins on location J. B. 6 and on Cobalt hill,

location R. L. 404. The lake, judging from the dip of these rocks, occupies the axis

of a syncline. The hills where the dip was observed lie at an elevation, on both locations,

of about 100 feet above the railway track at Cobalt station. At the powder house

vein, however, on location J. S. 14, near the foot of Cobalt lake, the slate is seen

to be practically horizontal. The vein here referred to is at the base of a cliff which

rises to a height similar to that of the hills across the railway track to the westward

on the southern part of R. L. 400. In the former case, the hill is composed entirely

of the greywacke-slate, while on R. L. 400 the rock is conglomerate of the same series.

It would thus appear that the railway here follows approximately a line of fault, espec-

ially as the main shaft on J. S. 14 penetrates conglomerate, similar to that in the

hills on R. L. 400, at a depth from the surface of 80 feet. There may, thus be a fault

here parallel with the main axis of the synchinal fold and Cobalt lake. The strike

of the main vein of the La Rose mine, J. S. 14, near the foot of Cobalt lake and that

of the McKinley and Darragh vein at the head of the lake are approximately parallel

with the main axis of the lake. The outcrop of diabase across the railway track opposite
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the La Kose vein appea -s to be in the form of a dike, as does also the diabase near the
McKiiiley and Darragli vein. These dial)ase outcrops seem to indicate a line of weak-
ness parallel with the lake and the railway.

CHARACTER AND STRIKE OF VEINS
The accompanying plan of the veins, prepared by Mr. W. A. Begg, .shows that the

strike of few of them conforms to the directions or lines of weakness followed by either

of the two great sj'stems of water courses, which have been described. It would
appear that thcie is more uniformity in strike among the veins which lie to the

westward of Cobalt lake than in any other part of the area. The vein on which the

Trethewey mine is siiuated has a strike of about N. 86" W. A narrow stringer immed-
iately north of this has a similar strike, as have also the seven veins on J. B. 6. On the

Dennison location, immcdintely southwest of J. B. 6, two narrow veins liave a strike

Fig. 11. Coluuiujir jointing iierpendit-ul r to the planes o! bedding in graywacke-slate.
The structure is due to the effects of intrusive diabase on the slate. A .section ol a small column
is on top of the lartrer one. Lot 15 in the first concession of Bucke.

similar to that mentioned, as has also the vein worked on the claim to the southwe.st

of Dennison's. The strike of these veins, on J. B. 6 at least, is parallel with ohe dip of

the enclosing rocks. The dip can be determined here in but few places. On J. B. 6

at one point it was .seen to be about 20° to the eastward.

"It is not always possible, in a shattered rock, to discriminate between joints and

those lines of division to which the term fissures is more usually restricted. Many so

called fissures may be merely enlarged joints. "* This holds true in the cobalt-silver area.

While the openings occupied by some veins, or part of a vein, can be called fissures,

there are many more to which the writer is inclined to apply the term joint. The

openings in the greywacke and conglomerate are in many cases connected withcolumnar

6Geikie, Text-Book of Geology, p. 688.
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jointing in these rocks. A vein may occupy a distinct fissure-like opening for some
distance, then it may split up, the stringers thus formed running around columns out of

the former course of the vein and coming back some feet ahead into the line first

followed. The columnar jointing is well shown in the rock cut along the railway a

short distance south of Cobalt station. Several of the trenches, 20 feet or more in

depth, from which ore has been extracted, illustrate the same phenomenon.
The well banded greywacke-slate on the north part of lot 15 in the first concession

of Bucke, has this columnar structure very perfectly developed in its (Fig. 11). The

columns here have a much smaller diameter than those just mentioned. They

are developed at right angles to the bedding of the slate w-hich is almost flat-lying, and
they are nearly as perfect in form as those sometimes found in basalt. On this lot in

Bucke the columns are developed at the contact of the slate with intrusive diabase.

That columnar structure of this kind is not uncommon in fragmental rocks is seen from

the following statement: "Contact with eruptive rocks has frequently produced a

prismatic .structure in the contiguous masses. Conspicuous illustrations of this change

are displayed in sandstones through which dykes have risen. Independently of the

lines of stratification, polygonal prisms, six inches or more in diameter, and several

feet in length, starting from the face of the dyke, have been developed in the sand-

stone."?

Whether we call the openings occupied by the cobalt-silver veins ard stringers

fissures or joints, it seems likely that they have been produced by the diabase which

intruded the Lower Huronian rocks in which the veins are found. This diabase formed

sheets or sills, in many cases, which appear to have had a great horizontal expansion.

Owing to denudation diabase outliers are now found at many points overlying the

older fragmental rocks. The sills here appear to be comparable with those in the

vicinity of Port Arthur, on the north shore of Lake Superior. As previous!}' shown, a

few cobalt-silvfcr veins have been found in the diabase. Silver veins in the Port Arthur

area also cut both the Huronian and diabase, many of them passing from one rock into

the other.

METAMORPHISM OF SILVER AREA
As already shown, there is a similar assemblage of rocks, to that s.irrounding Cobalt

station, over an area which is at least 75 miles in length from north to south. The

question then arises as to why deposits as rich in silver as those near Cobalt have not

been found here and there all over this large area. The only answer to this question

which the writer can give at the present time is that the rocks in the vicinity of Cobalt

station appear to have been less disturbed and less highly metamorphosed by the re-

gional disturbances than have those in the surrounding areas. For instance, while

much of the Lower Huronian in the productive area lies in horizontal beds or in those

which dip at a low angle, similar rocks a few miles north, near Sharp's Landing, dip

at angles of 60° or more. In the vicinity of Temagami and Rabbit lakes to the south-

ward similar rocks have been rendered schistose. South of Wendigo lake, 30 miles co

the north of Cobalt station, the conglomerate and greywacke-slate while frequently lying

almost horizoutaKy appear to have been baked and hardened much more than those in

the productive area. Quartz stringers appear to be characteristic of the more disturbed

areas.

It would appear then that the rocks in the productive area had escaped the greater

disturbances and nietaniorphisni to wliiih those in surrounding areas have been sub-

jected. This left them in the right physical condition to be readily jointed and fis-

sured by the contraction of the diabase. After the deposition of the cobalt-nickel

arsenides, which seem to be among the first mine~als deposited, the veins appear to have

been slightly disturbed, giving rise to cracks and openings in w'bich the silver and later

minerals were deposited. Veins which escaped this later, slight disturbance contain

little or no silver.

rQeikie, Text-Book of Geology, p. 769.
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There may be other differences between the productive area and those which sur-

round it. Intrusions of rocks later in age than the diabase and gabhro may have played

some part in the formation of the ores. Only one such incrusion has been observed

in the field. This is the Cross lake basalt, referred to on another page. It is very

difficult, in most cases, to distinguish these basic rocks of different periods of eruption.

Keewatin diabases may be misiaken for those of later age, and rice I'crsa.

Fig. 12.—A typiral f<ilver-ci)balt vein on J.B. 6. Tlie head ot the lianimer shows the width.

THE ROCKS OF THE AREA

Owing to the fact that the surface is covered with green timber and there is much
drift material, contacts, and good exposures are difficult to find in places. Facilities

for mapping will be much better in a couple of years, as mining progresses and the

timber is removed.

From the colored map which accompanies this Report it will be seen that there is

a considerable variety in the pre-Cambrian series. The Niagara of the Silurian system
also shows prominent outcrops. Between the Niagara and the Pleistocene or glacial

there are no formations represented in the district. The pre-Cambrian has been separ-

ated into the following series by the writer. It is possible, however, that unconformi-
ties exist which have not been located as yet.

In mapping the area I had the valuable assistance of Messrs Cyril W. Knight and
R. Anson-Cartwright. The mapping of some parts of the field is entirely the work of

these gentlemen.

Keewaiin and Laurentian : The oldest series in the district consists of an igneous
complex which contains diabases, and related rocks of different periods of eruption to-

gether with granite-porphyry and other igneous material. Sediments are represented

by the jasper-iron ores. The basic rocks or greenstones occur in much larger volume
than do those of a more acid character. The name Keewatin is applied to this series.

It has been subjected to folding and other disturbances, and is cut through by medium
to coarfe-graincd granite, especially in the township of Lorrain. to which the name Laur-
entian is applied. The Keewatin rocks, however, have been folded before the intrusion

of the Laurentian.
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Huronian: After the Laurentian intrusion the surface was subjected to erosion,

and these rocks, together with the Keewatin, were worn down. This period of erosion

was a long one, and the surface was rendered very uneven, being cut into hills and

valleys somewhat like those of tho > r sent si'rfrce. The o'de^t finf^montal niiterial

whicli lies directly on the eroded Keewatin and Laurentian surface consists of cong'om-

erates, greywacke-slate and impure quartzites. These rocks contain fragments of the

granite, greenstone and other representatives of the older series, and their relation-

ship to the latter is quite easily proved by contacts in a number of localities.. This

older, or, as it is called on the map, Lower Huronian, is of special interest since it

contains most of the cobalt-silver veins.

The association of the members of the Lower Huronian is somewhat variable-

There is usually a little coarser material, conglomerate, at the base. This is frequently

followed by a considerable thickness of well banded greywacke-slate. The slate in many
cases passes gradually upwards into a feldspathic or impure quartzite which is succeed-

ed by a coarse conglomerate. The greater part of the conglomerate is undoubtedly

younger than tho more slaty members. The relationship of these members of the Lower

Huronian is well seen in the I^iittle Silver vein cliff in the southwest corner of R. L. 404.

The veins cut through all these series, but the most productive parts of the veins

are usually in the recks which coitain more or less coarse fragments. It is believed

that the fissures now occupied by these veins were produced at the time of the er-

uption of the younger diabases and gabbros which will be referred to agaiii

This Lower Huronian series lias at one time had a greater thickness than it has

at present. Being laid down on an uneven surface, it is impossible to say what the

thickness of the series is at any one point ; it may be a few feet or it may |)e a few

hundred feet. In some places it is entirely absent, the older series or floor on which

the Lower Huronian is laid being exposed at the surface. The hills near Cobalt station,

however, where these conglomerates and other members of the series outcrop, are 500

feet above the water level at the sliore of lake Temiskaming, wliere similar outcrops

aire found. It would thus seem that the Lower Huronian may in some cases have a

thifknes- '-f a"^ least 500 fert.

Middle Huronian-. The series of ark slS, or what have been 'called by some writers

sea-green quartzites, together with conglomerates and quar:zites of the township of

Lorrain, form another series in the Huronian, the present writer having found that

they are unconformable to the Lower Huronian. This series in the eastern part of the

area has been derived chiefly from the erosion of the Lorrain granite, and much of the

area between Chown and Goodwin lakes on the west and Paradis bay on the east con-

tains small patches and outliers of this series. It is impossible to represent these on

the map, the passage from granite into the decomposition products being so gradual.

On lot 4, in the twelfth concession of Lorrain, a striking contact between the Lower

Huronian and Middle Huronian is seen, fragments of slate of the former being cemen-

ted in the arkose of the latter. Fig. 17 shows a specimen from this contact.

On the eastern shore of Temiskaming the two series, so far as seen, appear to

be conformable.*

8 Sir William Logan (then Mr. Logan) explored Lake Temiskaming in 1845-6. The account
of his trip published in the report of the Geological Survey for those years, pages 69-70, is of
interest. .

".\8cending Lake Temiscamang, the slates come Id upon the gneiss about three miles below
the mouths of the Montreal and Metabecchuan Rivers, on the west bank, and about three miles
ajboTe tihem. on the cast ; and they occupy both sides to within two and a half miles of the
Hudson Bay Company's Post. In this distance they may have a direct breadth of about seven
miles in which they are affected by at least one undulation, and probably more, and constitute
hills of 300 to 400 feet. .Vs gathered from the map of Mr. D. Taylor's exploratory journey from
Lake Huron to the Ottawa by Lakes Nipissing, Temagamang and Temiscamang, these slates in a
westerly direction run forty milps in a line about S. 40° W.. from the latter Lake to Bass Lake,
on the Sturgeon River, which discharges into Lake Nipissing on the north side, and it appears
probable they will come upon some part of the north shore of Lake Huron. On Lake Tem-
iscamang they are followed by the sandstones, which cross the lake with a strike of N. 60° E.,

and dipping northward at a very small angle, after having been piled up into a range of about
the same elevation as tie s'nte hills, they reach the Company's Post, where, nearly flat, they
run under a narrow gravel hill, 130 feet in height; emerging beyond, they continue to a dii-
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There is no reason so far as the writer knows, why this Middle Huronian should

not contain veins as well as the Lower Huronians since it is also cut by the diabase

and has been subjected to similar disturbances. The intrusive nature of the diabase

as regards the Middle Huronian is seen on the shore of Temiskaming just south of

Devil's rock.

Diabase and Gahhro : I; will be seen from the map that these rocks occupy a con-

siderable part of the surface of the area under review. They usually have a dike-like

or bo.s.s-like structure, but in some cases they seem to have been in the form of sheets

or sills spreading between or over the layers of the rocks through which they cut. They

show no evidence, such as amygdaloidal structure, of being surface flows. These rocks

are much fresher in appearance and coarser in grain ;han those of a similar composi-

tion wliicli occur in the Keewatin, and can thus usually be readily distinguished in the

field from the latter. After the eruption of these diabases and gabbros, whose exact

age is not known, tliat is. whether ;hey belong to the Upper Huronian or the Keweeena-

wan, erosion of the surface again took place for a long period of time, and all the series

now exposed in the field, with the exception of the younger Niagara, were worn down.

Diabases representing several periods, of eruption, Keewatin to post-Middle

Huronian, are found and it is very difficult to distinguish them in the field. On the

south shore of Cross Inke the diabase which contained cobalt-silver veins is c.it by a

younger b^.s-ilt.

Niagara: This Silurian series consists of similar rocks and fossils to those which

are found in the distric;s to the south. It is composed essentially of limestones which

contain a little conglomerate and sandstone at their base. The region has been sub-

jected to little dis;arha.;co since th.:' deposition of thee Niagara rocks.

Glacial and lieicnf : Much of the surface of the area covered by the map is occupied

by boulder clay and loose bedded deposits. The distribution of these materials h-i.^ not

bein .shown on the map owin.'T to the fact that their mapping would have taken more

time than we had at our disposal.

Keewatin

Tho folding which has bcjn prcdiced in the Keewatin is well shown by the torsion

cracks in Figs. 13, 14. The photographs which these represent were taken at the con-

tact of the Keewatin with the Lower Huronian at the shore of Temiskaming on lot 15

in the s?cond concession of the township of Bucke. This contact is shown on the map. It

is an important one owing; to the fact that it is easily reached from the town of

Haileybury, either by water or by land. The Keewatin greenstone also frequently

tance of about half a mile abo^e the Post, and there become interrupted on both sides of the
late by a mass of syenite. This syenite does not possess the gneissoid arrangemenG of the
rock lower down the river, but it appears to be nearly similar in other respects, being composed
of reddish feldspar, white or colourless quartz, and a sparing quantity of green hornblende. The
breadth of this syentic band is pretty nearly three miles on both sides of the lake. On the
west it is succeeded by the sandstones, which run along the coast for a distance of four miles,
nearly in the strike of the measures, dipping towards the water at a small angle, and are fol-

lowed by the slates, which come from behind them, and continue itn a straight line for nine miles
to the western bay at the head of the Lake, forming high, perpendicular clifls for part of the
way. and rounded hills for the remainder. On the east side, the syenite gives pla.ce to the slates,
which there present the porphyritic appearance already mentioned. The sandstones come upon
them on the south side of the southern large island, and the mainland near, dipping a little to
the west of north at an angle of three degrees; and both they and the slates, with their asso-
eiated conglomerates, make their appearance at occasional points along the coast, wherever de-
nuded of the overlyirg limestones, the 1 asset edge of which thinly covers them, to the inland
at the entrance of the eastern or jfoose Bay. Beyond this, the sandstones, gently dipping south
are seen in a projecting point to the ea.8t of the island. The slates are met with at the mouth,
and at the first, second, and third portages, of the Eiviere des Quinze, or Moose Eiver and
their associated conglomerates in the bay to the west of the Blanche.

"The limestones constitute the two large islands north of the Company's Poet, the two small-
er ones between them, the island already mentioned planted at the entrajice of the eastern
bay, and a very small one on the west coast, as well as the promontory which separates the
east bay from the west. The strata lie in the form of a shallow trough, based sometimee on the
sandstones and sometimes on the slates, occuping the breadth of the lake.—from five to six

miles— and extending from (he south side of the Efuthem great island to some unknown disn
tance northward, being probably a projecting point or an outlier of some more evtended calcar-
eous area rearer Brdson's Bay."
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shows spheroidal parting similar to that which has hcen described in the Vermilion

district of Minnesota.

Mr. M. B. Baker who examined, microscopically, specimens of the Keewatin

greenstone from near the contact on the lot above mentioned says that the rock has a

very fine grained trap-like appearance. The two important constituents are green horn-

£Mi«?^-

Fig. 13. Torsii:>n crack.s in Keewatin greenstone. Lot 15 in the t;ecund,;Concession of Bucks.

blende and plagioclase. The former mineral occurs in angular grains and blade-like

pieces which show a frayed structure and is altered to chlorite. Much of the plag-

ioclase is changed to koalin and occurs in lath-like forms. Some sections show a well

defined ophitic structure so that the rock can now be called a fine grained hornblende

diabase. Other specimens of the Keewatin greenstone examined by the writer from the

railway cuts near Pickerel lake and elsewhere are similar in character.

At the immediate point of junction or contact of the Lower Huronian with the

Keewatin on the lot to which reference has been made, the greenstone of the latter

is cut through by a dike of porphyry of pre-Huronian age. This porphyry shows

similar cracks to those presented by the Keewatin, but its porphyritic texture serves

as a good means of identification. It frequently is diflBcult to distinguish the more

or less metamorphosed greenstones of the Keewatin from some of the slaty-greywacke

phases of the overlying Lower Huronian. These greywackes are simply the recomposed

greenstones, or in other words after the greenstones have broken down into fine mate-

rial this has been resolidified into slate-like rocks. But at the contact refered to we find

pebbles and boulders of the Keewatin porphyry dike in the over-lying Huronian, and

there is no mistaking these pebbles and angular fragments for something else. (Figs.

15, 16). In many other outcrops one has not his attention drawn to the unconformity

at once. There is a well defined contact in a light colored knoll which lies some distance

east of Farr creek on the northeast corner of lot 13 in the first concession of Bucke.

This hill is in the bush but can be seen on looking southward from the road. North-
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ward from the road here there are also contacts. The location of these is shown on

the map.

Previous maps of this district have shown as one series the Keewatin, Lower
Huronian and Middle Hiironian, thus bringing out the fact already illustrated that

it is somewhat difficult at times to distinguish some phases of the Lower Huronian
from the Keewatin. Those who have mapped the series in this way considered that

the boulders and other fragments in the Lower Huronian represented pyroclastic rocks

practically contemporaneous with the greenstones of the Keewatin, which were also

deemed to be of sedimentary character.

Surrounding Sharp's Landing there are some interesting exposures. The Kee-
watin is here represented By an outcrop of iron formation which is only about 25
feet in length. Surrounding this or over-lying it are the slates and conglomerates

Fig. 14. Part of rock surface shown in Fig. 13 enlarged.

of the Lower Huronian, which here dip at a higher angle than they usually do in the
vicinity of Cobalt station. Aear this Landing and along the shore the Huronian
IS probably folded into anticlines and synclines, as there seems to be a repetition of
certain beds. The most interesting point in connection with these outcrops is how-
ever the fact that we found fragments of the Keewatin iron formation in the over-
lying series.

• The Keewatin rocks which outcrop around the shores and islands of .Sasaginaga
and Clear lakes are seen to be of at least two ages. The older rocks are light colored
and fine grained and are often much fissured. They contain numerous stringers of
quartz, especially near the north end of lake Sasaginaga. It is difficult to say what
much of this light colored rock has been originally, although, from thin sections exam-
ined microscopically, it appears to have been a fine grained volcanic type. It is cut
through by a later series which is somewhat like other exposures of the Keewatin seen
in the district. A similar assemblage of rocks to those found at this lake occurs in the
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toHiiship of IJoston to tlie iiortluv aid. Usually the Kfewatin is represe;it:d b . darker
colored rocks than those of most of the exposures around Sasaginaga.

The folding sliown by small cracks or torsion figures, which are pres -nt in many of

tlie Keewatin outcrops, assists in their recognition. Many of these cracks are now
filled with white calcite, and alt! ough on the whole the rocks look like slates of tl»»

Lower Huronian, these calcite fissures distinguish them. There are s;me good e^.po-

sures of this kind in the railroad cuts between Pickerel lake and Bass lake, two or three

miles south of Cobalt station. Other smaller exposures of the rock in the rai'road cut-

tings may be seen about opposite Short lake, just south of Cobalt lake, and certain

outcrops occur not far east of the railway and south of Cobalt lake. The outlines of

this area have been only approximately determined. Then we have sho'vn an area

just west of Peterson lake. Tt was found almost impossible to c^.eter::a.ie its boun-

Fig. 15. Lower llurimiau breccia—cunglunierate formed i(t sZ/u from Keewatin jiorpliyry.

The finger is ou the latter ro. k. Lot 15 in the second concession of Bucke.

daries accurately, and in this connection it may be said that if the slaty phases of the

Lower Huronian have been metamorphosed, as they sometimes are in the vidnity of

diabase intrusions, it becomes doubly diflBcult to distinguish them from the Keewatin.
We have also shown Keeivatin areas along the Montreal river between Hound Chute
and Sandy portage. This area is probably much larger than shown on the map, as no
attempt was made to trace it out in detail. Similar rocks are found ground lake New.

Contact of Keewatin and Laurentian

Although the Laurentian granite covers an area of considerable extent on the

map, we found only one good contact where the granite plays the part of an intrusive

rock. This was near the northwest corner of what we have called Kirk lake. The
granite here comes in contact with greenstone and sends out small dikes and stringers

into it. This greenstone appears to be a variety of the Keewatin of the district. It

is certainly older than the granite. A microscopic axamination of the greenstone was
not very satisfactory owing to the metamorphism to which it has been subjected.
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The granite of the district is commonly rather coarse in grain and of a deep flesh-

red color, the feldpar predominating. The ferro-magnesian constituent is biotite,

whicli is usually converted to chlorite and occurs in small quantity. The predominant
feldspar is generally microcline and other acid varieties of plagioclase are abundant.

The larger quartz grains frequently show a rounded outline.

It would have been a source of satisfaction if we had been able to find more con-

tacts of the granite with the Keewatin greenstones, but the writer thinks that the

relationship which is shown by the legend on the map to exist between the rocks of this

region is correct for the following reasons : (1). The Keewatin throughout the field

has been much disturbed and now contains torsion cracks and other evidence of distur-

Fig. 16. Contact on shore of Teuiiskaiuing between the Keewatin ;incl Lc.wer Huronian.
The Huronian breccia rests on the Ki-ewatin rock from wliich it was derived. Lot 1.5 in the
second concession of Bucke.

bance, while the Laurentian granite does not show any traces of such disturbance. (2).

Tlie granite, as has just been said, cuts through the greenstone at the northwest corner
of Kirk lake. (3). Boulders and other fragments of granite similar to that which
makes up the mass of the rock in Lorrain are found in the Lower Huronian in many
places, tlnis giving evidence, even if we had no contact between the granite and the
Keewatin, that the Lower Huronian is younger than the granite. The writer has never
seen any contact between the granite and the Lower Huronian. (4). The Middle Huron-
ian is seen in contact witii the Laurentian granite in numerous places in the town-
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ship of Loirain. In fact it is difficult to draw a line between the two series, the re-

composed Middle Huronian material often resembling very closely the Laurentian

granite from which it has been derived. A similar relationship between these series

was described by Dr. Barlow in his Report of the region some years ago, the outcrops

studied by liim being on the Quebec side of Temiskaming in the vicinity of Ville Marie.

At that time it was thouglit, liowever, that the granite was the oldest rock in the dis-

trict, that is, older than the Keewatin, Lower Huronian and Fpper Huronian, the

three being put into one series.

In two or three instances pebbles in the Lower Huronian appeared to be conglom-

erate, that is they seemed to indicate that there had been a conglomerate series before

the Lower Huronian was laid down. The writer was not able to break out any of these

pebbles so as to determine their character accurately. It is well, however, to consider

the possibility of a frngment.Tl series in the district older than what is here called the

Lower Huronian. The Keewatin undoubtedly contains some .sedimentary material,

shown by the jasper-magnetite bands.

The breccia and conglomerate of the Lower Huronian are what were called by Logan

and others slate-conglomerate, a name which well describes the. varieties possessing a

slate-like base through which are set pebbles and boulders. At times the fragments

are angular in form. These rocks show great variety in composition, the conglomerate

fiequently containing pebbles of many kiiuLs and of various .sizes, the material being re-

presentative both of the Keewatin complex and of the Laurentian. Pebbles represe.it

several diabases and porphyries of the Keewatin together with those of granite and

otlier pre-Huronian rocks. In other cases the Lower Huronian fragmental rocks con-

tain material of only one or two kinds, representative of an underlying or adjajcut

mass. Thus the slacy-greywacke members frequently represent the recomposed mate-

rial of the Keewatin which was consolidated almost ()i situ. It is often difficult to dis-

tinguish the recomposed rock from that through whose decomposition it was formed.

Huronian

The map shows what we have called the Middle Huronian to be confined to the

southeastern corner of that part of the area which belongs to U^itario. This series here

is light in color, being composed essentially of granite debris. It is possible or even
probable that there may be rocks of the same age on the western side of the area which

differ in appearance from these Lorrain arkoses and other rocks. No outcrops of gran-
ite were seen in the western or northern part of the area; hence if rocks were being

laid down in those parts of the field at the same time as they were being deposite 1 in

the southeast corner, the fragmental material, no granite being present, would be dif-

ferent in appearance from the Middle Huronian of Lorrain.

It may be seen from the map that the writer has roughly subdivided what he has

called the Lower Huronian, the coarser fragmental material or conglomerate being

shown to be essentially confined east of a line which runs from the east side of Mud
lake northeastward towards New Liskeard. Some outcrops of this conglomerate or

breccia were, however, found in the township of Hudson.

These rocks in the western part of the map resemble in a general way the grey-

wacke slate which is associated with the conglomerate in the vicinity of Cobalt station

and elsewhere, but the slates along the railroad, for instance near the town plot c f

Latchford. are usually reddish banded and present a somewhat different appearance

from the typical slates of the Lower Huronian. Reddish banded slates are found along

the shore of Temiskaming, on the Quebec side, to the east of the area we have mat>ped.
Contacts are very Irequently difficult to find. The writer was fortunate in finding

a striking one, a specimen from which is shown in figure 17, on lot 4 in the twelfth

concession of Lorrain. This contact is shown on the map. A small knoll of slaty

greywacke here has the arko.se around its base, and fragments of the dark greywacke
are cemented, as shown in the figure, with the light colored ark )se. Th-, is the only

contact that the writer was able to find between the Lower and Middle Huronian.
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There are some things that are rather difficult to understand in connection with

the Huronian sediment. The cement material, for instance, and the angular charac-

ter of the greyM acke fragments at the contact just described do not indicate water

erosion. The cement material is very fresh in appearance and only slightly decom-

posed, thus differing from material which has been produced in the presence of water.

The gieywacke fragments being angular a:so show no evidence of having been worked

over by water. The writer is not able to offer a satisfactory explanation for the char-

acter of the sediment found in some of these strata. As previously stated, other writ-

ers in the district have claimed that all this fragmental material was pyroclastic in

origin. The present writer has disproved this, the fragmental material at some of the

contacts being clearly derived from the older series close at hand. To account for the

underomposed and angular character of much of the fragmental material, the writer is

inclined to the belief that desert conditions prevailed in this region at the time some

of the Middle Huronian rocks at least were formed. Of course, much of the material

in the Lower Huronian, after we get above its base, and much of that in the upper-

mott part of the Middle Huronian is we'l roinded and shows the effects of water action.

Fi« 17 Breccia at the contact of the Lower Huronian with the Middle Hurunian. Frag-

ments of grevwackc-slate are cemented together by the light colored Middle Huronian arkose.

Lot i in the "twelfth concession of Lorrain.

The writer does not pretend to say that there is no pyroclastic material intermixed

with the fragmental material of the Huronian. The association of some of the strata is

puzzling. It is difficult to understand, for example, how certain large boulders of

granite in the conglomerate, which forms part of the highest outcrops of the Lower

Huronian, have been carried so far from their parent masses. These large boulders

are found over much of the district, and there are now no outcrops of granite in the

neighbourhood of many of them. Then some of the delicately banded greywacke slate

may represent volcanic dust or fine grained pyroclastic material. In the present state

of our knowledge we have little warrant for claiming that the granite boulders, often

two or three feet or more in diametor ard distant a couple of miles from exposures of

the rock, indicate glacial conditions during Lower Huronian times, although we liave

no proof to the contrary.
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Analysis of Slate

Tlip sample analyzed is from the well-banded, what I have called greywacke-slate,

from tlie base of the cliff at the Little Silver mine in the southwest corner of location

R. L. 404. Mr. Burrows found it to have the following percentage composition.

Per cent

Silica 62.74

Alumina 16.94

Ferric oxide - 5.07

Ferrous oxide 1.59

Lime 1.39

M agnesia 3.05

Soda 6.07

Moisture 36

Loss above 110 degrees 3.20

Total 100.41

Analysis of Breccia

A sample of the medium grained breccia in tlie wall of the La Rose vein was sub-

mitted to analysis by Mr. Burrows, with tlie following results:

Per cent.

Silica, 43.12

Alumina, 19.74

Ferric Oxide 5.72

Lime 5.40

Magnesia 7.48

Soda 4.50

Potash 1.75

Cobalt anl nickel 55
Loss on ign it ion ^ . . . . 10.04

Arsenic 1.18

Total 100.38

The sample showed in places the greenish arsenate of nickel and also bright specks

of a white mineral, evidently smaltite or chloanthite.

Diabase and Gabbro

These rocks, as will be seen from the map, occupy a considerable part of the area.

Good contacts are found, especially between them and the Lower Huronian. A con-

tact of diabase with the Middle Huronian can be seen along the shore of Temiskaming

a short distance north of Martineau Bay and elsewhere. One is struck by the fact

that in many of these contacts the fragmental rocks, through which the diabase and
gabbro cut, frequently dip towards the diabase. This is rather unusual. We gener-

ally find fragmental rocks dipping away from the intrusive varieties or forming anti-

clincal structures. The diabases and gabbros here may have formed laccolitic

masses and sills at one time, and it may have been due to this that the rocks through

which they cut dip towards them. A contact of the slajte with diabase is seen across

the railway from the La Rose mine, and good contacts are also to be seen near the

railway track a couple of miles south of Haileybury. The slate on lot 16 in the first

concession of Bucke has been much disturbed by the intrusion of the diabase, and a

peculiar columnar structure, perpendicular to the bedding, has been developed in

it. This has already been described.
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It was thought that the metals in the cobalt-silver deposits might have been

derived from the diabase. Samples from different outcrop; were, however, tested bj'

Mr. Burrows, who found no indication of the presence of any of these elements.

Keewatiii greenstone was examined with similar results.

Elsewhere in this report it has been stated that these post-Huronian diabases

and gabbros are often much like some of the coarser varieties of basic rocks which

are fou^d in the Feewatin. Repr se'tativcs o' th> latter, especially on freshly

broken surfaces, have a more weathered and altered appearance than do post-Huronian

representatives.

The writer has not thought it necessary :o make a detailed examination of the

po t-Huronian diabases and gabbros, owina; to the fact that this would not have much

'j0Miif

Fig. l.S. Contact of Middle Humnian quartzite with Niagara limestone ..n the east shore
•of Lake Temiskaniing, north of Piche Point. The fragments of quartzite are cemented together
bv limestone.

economical bearing, and further, these rocks have been described in Dr. Barlow's Re-
port on the Temiskaming map sheet published in 1897. The reader desirous of de-
tails concerning these rocks should refer to that Report.

It may, however, be noted here that these diabases, while they may belong to
about the same period of eruption as some of the basic eruptives in the vicinity of

Sudbury, are different from them in character. We have no rock here which resembles
the norite of Sudbury. About the middle of the southwes: shore of Cross lake there
are outcrops of a basalt which cuts the diabase, in which, a little further to the west-
ward occur the Stringer, Handy and other cobalt-silver veins. In hand specimens
this basalt is seen to be very fine grained, especially near the contact. Under the
imicrcscope the constituents of the rock, which is quite fresh, are seen to be in two
generations. The most prominent mineral is plagioclase which occurs both as pheno-
•crysts and in the ground mass in needle-like crystals. A light colored pyroxene occurs
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more sparingly than plagioclase. It is found both as phenocrysts and in grains in the

ground mass. The pyroxene phenocrysts are older than those of plagioclase. A very

few grains of olivine are present in some of the thin sections.

Fig. ly. La Rose mine, -May, 1904.

Analyses of Cross Lake Rocks

No. 1. No. 2. No. 3.

Silica 45.20 49.84 48.06

Alumina 19.08 18.94 18.23

Ferrous oxide 14.64..

Ferrij oxide 3.64..

Lime 7.89..

Magnesia 4.98.

Soda 3.32.

Potash 1.08..

Loss on ignition

9.S7
6.40 I

1..51 I

10.32 11.5.5

7.39 7.80

1.99 1.87

1.28 0.27

2.57 3.54

Totals 99.83 100.24 100.89

No. 1 is the basalt described above. No. 2 is the diabase or gabbro cut by the

basalt.

No. 3 is an analysis made in the Pittsburg Testing Laboratory of a specimen of

gabbro taken two feet away from the Handy vein and about six feet from the sur-

face. The result of this analysis was given to the writer by Mr. J. O. Handy who
says that a thin section of the rock examined microscopically showed predominant hypers-

thene, much augite, plagioclase, magnetite and no quartz. This specimen is seen from

the analysis to possess almost the same chemical composition as No. 2. The Handy
claim lies a short distance west of the foot of Cross lake.
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In the western part of the field the diabase and gabbro frequently contain grains

of reddish feldspar. In the township of Hudson narrow veins with niccolite and
smaltite have been found in this rock.

Lake Superior Silver Deposits

The Silver Islet mine and the* silver mines on the main shore to the southwest-

ward of Port Arthur are well known to students of ore deposits. In richness of

;silver they resemble those of Cobalt station, but they contained a much lower per-

centage of cobalt, nickel and arsenic. Cobalt bloom and nickel bloom, together with

a;senides and other compounds, were, however, found in these lake Superior deposits

with the silver. A similar assemblage of minerals, but in a much smaller quantity,

was briefly described yeart, ago as occurring on Michipicoteii island. It is well

known that native silver occurs in association with native copper in the great copper

mines of Michigan on the south shore of Superior. It would seem then that native

silver is not a very rare mineral in the region between the Quebec boundary and the

north and south shores of Lake Superior. Port Arthur, however, lies about SOU miles

west of Cobalt station, and in the intervening area no deposits of the metal have been

found. There is ground for hope that deposits will be discovered when this area is

explored. Little is known about much of it at the present time.

The Port Arthur Mines

Much has been written on the silver mines in the area adjacent to Port Arthur.

This literature has been summarized and many additional details given in an import-

ant report written by Mr. E. D. Ingall of the Canadian Geological Survey.9 None of

these mines are now working.

It will be seen from the following notes, condensed from Mr. Ingail's report, that

ohese Port Arthur deposits in many respects, especially in the facts that they occupy

cor the most pars vertical iissures which cut slightly inclined pre-Cambrian beds and

in their mineral contents, resemble the silver-cobalt deposits in the vicinity of ladie

Temiskaming. Tiie chief difference between the two as regards their mineral con-

tents is that the Port Arthur deposits contain a higher percentage of gangue material,

the ore usually occurring in bunches or pockets, and the percentage of silver is always

much higher than that of the associated nickel and cobalt which generally occur in

small quantities or are entirely absent in some of the deposits. Some of the veins in

the vicinity of Lake Temiskaming on the other hand contain a much smaller amount

01 gangue, and the percentage of cobalt, nickel and arsenic is often higher than that

oi silver. One of these veins, that in the northwest corner of R.L. 404, as shown

above, consisted as exposed at the surface of about 14 inches of solid smaltite together

with niccolite. There was little gangue in this ore. The Cobalt station deposits, as

previously stated, resemble, among veins which have been worked in the world, more

closely those of Joachimsthal in Austria and Annaberg in Saxony than any others.

It is interesting to know, however, that nickel did occur in the Silver islet mine,

at least, in economic quantities. The first ores of ohis metal of this Province, wliich

!s now such a important producer of the metal, were those of the Silver Islet mine.

Mr. W. M. Courtis, in a paper read before the American Insitiute of Mining En-

gineeis, October, 1873, in speaking of the smelting works at Wyandotte, says that

the matte was treated to save the nickel and that the silver was extracted from the

marketable nickel speiss.

Ingall says the vein-tilling minerals consist of quartz, barite, calcite and fluorite.

In these occur different metallic minerals, viz. : blende, galena, pyrites of various species

and occasionally some sulphurets of copper, whilst the silver occurs as argentite and in

9 "Report on Mines and Mining on Lake Superior" by E. D. Ingall, Part H Annual Report
vt the Geokgicel Burtey cf Carada, ]8£7, 124 pages.

4 M. ;l
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the native state, the former being the mere common. At places the veins carry a

dark green probably chloritic, material, which on some surfaces has a bright waxy

lustre, whilst occasionally a soft, greasy talcoso material, probably saponite, accom-

panies the ore, notably at the Beaver mine, and to a lesser extent at one or two other

places. Carbon in various forms has also been found here and there, whilst in some

of tue vugs in the veins which have been found near the surface stiff clay and ochreous

material have sometimes been obtained along with nuggets of argentite, the former,

however, having evidently been washed in from the surface and thus imbedded the

silver minerals already existing in the vugs.

The same wriljer further states: "These then are the mineral constituents of

these veins, but the Silver Islet vein forms somewhat of an exception in that it car-

ried, besides these, various arsenical and antimonial ores of silver with compounds of

nickel and cobalt and other metallic minerals which have so far not been found in

the rest of the veins.* ?) Other salient features were the pink and cream-colored dolo-

Fig.20. La Kdsc mine, June VMb.

mitic spar which so frequently formed a characteristic and prominent constituent

of the gangue of the rich ore, and the predominance of native silver in the rich parts,

whereas in the rest of the veins, though this form of silver occurs in considerable

quantity at places, yet argentite seems to be the form in which it is generally found."

"Again, it is interesting to know that both the mineral waters and the inflm-

mable gas that were met with in opening up the Silver Islet mine have also been en-

countered at other points in the district. At the Rabbit Mountain mine in one of the

lower levels I saw water running over the breast of the drift which gave off a faint

odor of sulphuretted hydrogen and was depositing a white flocculent material, whilst

bo'^h at this place and at the Beaver mine I was informed that small quantities of

^inflammable gas had been met with."

4a M (I I)
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These veins, like those of Temiskaming, frequently present a brecciated appearance,

angular fragments of rock being enclosed in the vein material.

I

«J
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Tngall found the distribution of the silver minerals in the veins very irregular,

the rich ore generally occurring in detached bodies of varying dimensions surrounding
•very poor or quite barren areias of the vein.

As regards the metallic minerals, it was observed by Ingall that the blende comes

first in importance, being the most plentiful. This mineral is practically absent in

the Temiskaming deposits. The galena does not play such an important part, Ingall

says, as the blende. Pyrite is found to a lessor extent than the two last mentioned

minerals. Both pyrite and galena are likewise rarely met with in the Temiskaming

veins. Marcasite and pj'rrhotite are found in the Port Arthur veins, but copper com-

pounds represented by chalcopyrico and copper-glance are rare. Through these

minerals, or through the gaiigue minerals, are distributed the argentite and native

silver. It is said that with the exception of Silver Islet the native silver is more
fcharacteristic of '^he ore bodies near the surface and is replaced by argentite in depth.

The likelihood of blende, galena and pyrite carrying silver is asserted to be in the

order in which they are here named. Silver was found in but few specimens. Some
traces of gold were obtained in these minerals in a few instances.

The calcite is said to be apparently older than the quartz, and there is also some

secondary calcite. The silver minerals seem to be due to a later infiltration of silver-

bearing waters subsequent to the deposition of the gangue minerals.

Regarding the source of the silver minerals Ingall does not offer any definite

theory. He says some writers h ve thought them to be connected with the trap erup-

tion, the silver being brought up by thermal waters accompanying these intrusions.

He points out, however, that these fissures intersect and dislocate the trap sheets and

dikes. He adds that the fact remains that all the ore bodies occur near or within a

Ireasonable distance of trap in some form, either in dikes or in sheets. This sug-

gested the idea to him that the silver may ba derived by decomposition of some of the

mineral con.stituents of the trap carrying minute quantities of silver. On decom-

position, waters infiltrating downwards through the fissures might have deposited

their silver contents in them. He thinks that the various forms of carbon present in

the sedimentary rocks may have had some influence in effecting this precipitation.

Sliver Islet Mine

This deposit, which occurs on an islet less than 80 feet in diameter about a mile

out in the lake off Thunder Cape, was discovered in the summer of 1868. It is the

most famous silver mine yet worked in Canada, the silver produced from it amount-

jing in value to $3,250,000. The vein on this islet intersects what is called a chloritic

diorite dike in its course through the sedimentary beds of the Animikie. The pro-

ducing part of the vein was practically confined to that porcion between the walls

formed of the dike material.

We shall not attempt to give a fuller account of this vein here, but shall refer

the reader who wishes more details to Mr. Ingall's interesting report. It will be well,

however, for the purposes of comparison to give a list of the minerals found in this

vein. Among these pre the gangue minerals calcite, quartz and dolomite, the latter

varying in color from cream to pink according to the amount of manganese contained.

A variety known as rhodochrosite is said to have been found. The metallic minerals

,are native silver, argentite, galena, blende, copper and iron pyrites with marcasite,

tetrahedrite, domeykite, niccolite and cobalt bloom, together with a mineral known
as macfarlanite containing arsenic, cobalt, nickel and silver. Two new minerals are

said to have been found in the ore; these were called hnntilite and animikite, these

with macfarlanite, according to one writer, being the principal producing silver ores of

the mine. There were also found, annabergite, antimonial silver and cerargyrite. the

latter "where the rock has been decomposed." Graphite is said to occur in quantity.

A curious feature of the vein was the combustible gas met with in large quantities

in the work-'igs and the mineral water which carried considerable amounts of chlor-
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ide of sodium and other metals. Two very rich bunches or bonanzas of ore were

found in the vein. One of these was completely worked out by 1874, yielding over

'$2,000,000. Tlie shape of this bonanza was that of an irregular pear, and through-

out its extent in bch veins, that is the main and branch vein, it was accompanied

by a strf.ng impregnation of gra;>lute. The bulk of this bonanza was arborescent

silver more or less mixed witli macfarl.inite, a rich ore of silver carrj'lng 78 per cent,

of that metal along with arsenic, cobalD and nickel. Its physical structure resembles

niccolite.

In drifting south on che third level in 1878, strong impregnations of graphite

were met on the hanging wall which were soon followed by the second bonanza. This

deposit of silver was remarkab'e for it-i fxre.it width, five feet solid ai-n>ss the breast,

Fi^;. 22. Open-cut. ilepth .SO feet, at Tretliewi-y mine, June 1905.

and the rc;urien e in treat quantity of the two previously unknown compounds of

silver, animikite and huntiliie. The shape of this bonanza was that of an inverted

cone with a base of about oO feet on the third level, with the apex down as far as

the fifth level. Th-s dept-sit was phenomenal in its structure, and a winze in the

middle of the deposit to the foura. level, 60 feet, was sunk literally through native

silver, the metal standing out boldly from the four walls of the winze. In the breast

of the drift it stood out in great arborescent masses in the shape of hooks and spikes,

in gnarled, drawn out and twisted bunches, followed by arborescent silver with inter-

calated bands of animikite and huntilite. The width of the vein was over 10 feet,

and the entire deposit, including the stamp rock, yielded about 800,000 oz. of silver..

While the vein continued to the greatest depth reached in the shaft, over 1.200^

feet, little ore was met with in the lower workings, no silver being obtained from

great stretches of vein material.
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To give an idea of the richness of the ore produced from this vein in the earlier

part of its history it may be said that the 1,154,537 lbs. of ore produced up to tiie season

of 1872 averaged $1,322.44 per ton. Silver then sold, hovifever, at more than twice its

present price.

Ores of Other L. Superior Mines

In order to show the character of the minerals found in other deposits of the

Port Arthur area we may cite the following examples given in Ingall's report.

Argentiferous blende was the chief silver-bearing ore of the vein on McKellar's

island. On Spar island the metallic minerals were copper-glance, copper pyrites,

zinc blende and a little argentite. Prince's mine, the oldest mine on the Canadian

shore of the lake, having been worked in 1846 or 1847, appears to have been regard-

ed more in the light of a copper than of a silver-bearing vein. It contained native

Fig. 23. Cubbing and sackiiag ore at the La Rase mine, N<ivember 1904.

silver disseminated in thin laminae throiigh the calcareous spar and blende. Argen-

tite was also found in this vein, and the calcareous spar was stained with blue and
green carbonates of copper and with arseniate of cob&lt. The vein on Pie island

contained blende, galena and iron pyrites.

The veins so far mentioned belong to what Ingall calls the Coast group.

In the second or Port Arthur group he says the silver veins may be considered in

two divisions : (1) Thv^se which occur in the Animikie rocks ; (2) Those occurring in

(the Archean area to the north of the former. Most of the veins are contained in

the first division. A number of veins are described by Mr. Ingall under this head-

ing. The Shuniah or Duncan mine is interesting owing to the fact that the vein

here passes downward from the Animikie rocks into the under-lying Archean, which

consists of what are called diorite, syenite, felsite, etc. It is said that no silver was

found in that part of the vein contained within Archean walls. At the 3A mine the

gangue was mostly quartz with a little calcite through which were distributed ores
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of iron, copper, lead, zinc, nickel and silver with some cobalt and gold as shown by

the assays. The silver was found native and combined with sulphur and nickel.

One sample of the ore is said to have assayed 1.4 per cent, of cobalt and 25 per cent,

of nickel. This vein was in wh.T Ingail calls the Archean or Huronian. the rocks

being gray dolomitic schists associated with dark-green compact diorite whilst dark

grayish red. felsitic syenite occurs a short distance to the south. Near tlie 3A

mine was a vein containing 2 feet of milky quartz, which is interesting on account

of the fact that it was said to carry native bismuth, the only mention made of this

mineral, which occurs in most of the Temiskaming deposits. The Emmons' mine (Mi

(lot A in the township of Mclntyre is said to have contained mispickel, another

mineral wliich seems to be rare in the vicinity of Port Arthur.

Fig. 24. Prospectors at Cobalt, May 1904.

Rabbit Mountain Group

This group of mines, which was discovered a number of years after the Silver
Islet and other veins of the Coast group, is said to present somewhat different con-
ditions of occurrence from those just mentioned. The veins are all in the Upper
the Rabbit Mountain mine consists t f native silver and argentite with other minerals,
argillaceous division of the Animikie with its associated trap sheets. Tlie ore. of
A special feature of the Porcupine mine, one of this group, is that it carries
witherite, the carbonate of barium. In the Beaver mine there is the occurrence of
saponite already mentioned.

The Silver Mountain group presents features similar to those of the group just
referred to. The veinstones are calcite, barite and guartz with fluorite. The en-
closing rock is argillite. The metallic minerals are represented by blende, both
light and dark-colored, galena and iron pyrites, with occasionally a little copper pyrites,
the silver occurring both native and as argentite.
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Woodside's vein differs from the others in the area in that it occurs in the

Archean grantitic and gueissic rocks under-lying tl e Animikie. Tho vein in its

nature and contents is very similar to the rest, and carries blende, galena and

pyrites distributed through the usual gangue in moderate profusion.

There is also what is called the Whitefish Lake group. The veins here mos:ly

occur in the lower siliceous rocks of the Animikie. They have much the same con-

tents as the preceding ones.

Minerals of Port Arthur Veins

With the object of comparing the minerals of the Port Arthur silver mines with

those of the Tcmiskaniing veins, the following ;ahle has been prepared from the

minerals mentioned by Ingall as occurring in the former:

I. Native elements:

Native s-ver, native bismuth, graphite.

II. Arsenides:

Niccolite, domeykite, macfarlauite (?), huntilite (?).

III. Arsenates:

C'obali bloo:n, annabergite.

IV. Sulphides:

Argontite, zinc blende, galena, pyrice, marcasite, pyrrhotite, chalcopyrite,

copper glance.

V. Sulph-arsenide:

Mispickel.

VI. Antimonide:

Animikite.

VII. Sulph-antimonide

:

Tetrahedrite.

VIII. Chloride: - .

Cerargyrite.

IX. Carbonates:
,

Malachite, azurite, wi'iherite,.

The vein lilliiig minerals are quartz, barite, calcite, dolomite, rhodochrosite and

fluorite. Chlo"ite, spoiiite, i-flammable gis and mineral water were also found.

Many writers appear to have b.eld that the trap or diabase and gabbro which over-

lies the Animikie rocks in this region represented a vast surface flow. In the paper

published some years ago Dr. A. C. Lawson showed, however, that this trap, toge.her

with the layers of the s.ime material which lie at a great?r depth in the Animikie, was

of an intrusive character. His work proved that these craps are of the nature of in-

trusive sheets or sills and that they are not only younger in age than the Animikie but

that they belong to post-Keweenaw times.'"

OTHER CANADIAN NICKEL=COBALT ORES

The following extract from the Report of the Geological Survey of Canada for 1890-

91 summarizes a number of the known occurrences of nickel and cobalt in Canada at

that time.

"It may not be amiss to draw attention ho"e to certain other nickel and cobalt

ores, or minerals containing: a noteworthy amount of one or the other of these metals,

which have from time to time been met with in Canada in the course of this Survej''s

work.'"

"One of these, described as a steel-arey pyritous ore, f-om the Wallace mine on

Lake Huron, was found by Dr. T. S. Hunt to contain 13.93 per cent, of nickel. Of

two others found on Michipicoten Island, Lake Superior, the one was shown by Dr.

10 Bulletin No. 8. Oeological Survey of J'innesotri; 1E93.

11 P. 47 E.
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Hunt to be an intimate mixture of the arseniurets of copper and nickel; different por-

tions of the same mass affording him from 17.03 to 36.39 per cent, of nickel, whilst the

other, also examined by D.-. Hunt, proved to be a hydrated silicate of nickel which,

after drying at lOCC, was found by him to contain 30.40 per cent, oxide of nickel,

(equivalent to 23.91 per cent, nickel.) The arsenide of nickel, which for present pur-

poses may be regarded as consisting of 44.1 of nickel and 55.9 of arsenic, has also been

found at the 3A mine, on lot 3A of the township of McGregor, district of Thunder Bay,

where it occurs in somewhat large nodular grains and nugetty bunches, together with

native silver, of a similar form, freely disseminated through a gangue of calcspar with

some quartz. The foregoing are all rich ores of nickel, and should the deposits on

further exploration be found to yield a sufficiency of the material thi;se would, as

available sources of this metal, prove of economic importance.

Fie. 2r>. A Cobalt pidni'tT ami hi^ vein.

"Less important, by reason of thci.- occurring on'y in limited quantity or as con-

taining but a relatively small amount of nickel or cobalt, are the following:—Millerite

or nickel sulphide, a rich and valu:ible ore of nickel, occurs in small grains and pris-

matic crystals disseminated through a mixture of chrome-garnet and calcspar in a

vein on the east side of Brompton Lake, in the township of Orford, Province of Quebec.

It IS also reporica to nave been observed, in the form of prismatic crystals, disseminated

through certain portions of the nickelifer us ore of the Copper Cliff mine, in the town-

ship ut McKim, district of Nipissing, Ontario. Erythrite or hydrous cobalt arsenate,

a valuable ore of cobalt when met v.i h in quantity, is mentioned by Dr. Hunt as

occurring in rose-red incrustations on calcareous spar at Prince's mine on Lake Superior.

Smaltite, a cobalt arsenide, was observed by Mr. E. B. Kenrick in the form of minute

crystals in a sample of copper pyrites (brought to the Survey for examination) from

the township of McKim, district of Nipissing, Ontario. A sample of iron-pyrites from

the seigniory of Daillebout, Joliette county. Province of Quebec, was found by Dr.

Hunt to contain 0.55 per cent, of oxide of nickel (equivalent to 0.43 nickel) mixed with
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cobalt, and a brilliant compact variety of iron-pyrites from Elizabethtown, Leeds

comity, Ontario, yielded him from 0.5 to 0.6. per cent, oxide of cobalt (equivalent to

0.39 to 0.47 cobalt), whilst a sample of iron-pyrites from Londonderry, Nova Scotia, was

found by me (Rep. Geol. Surv., C.-n., 1874-7.'} p. 316) to contain 0.81 per (cnt. of

cobalt and 0.14 per cent, of nickel."

The mineral danaite was found some years ago in developing nickoliferous pyrrho-

tite on the north half of lot 6, concession 3 of the township of Graham. Specimens of

the mineral wore found to carry about 4 per cent, of cobalt.

Cobalt bloom has also been found on magnetite at the Dominion mine and at the

Cross mine, lot 2 in the second concession, in tlie township of Madoc, Hastings County.

In the western part of the Province the mineral occurs in small quantity at the

southeast corner of the Bay of Islands, Bad Vermilion lake.

In the Report of the Geological Survey for 1848-9, page 61, T. Sterry Hunt has

this to say concerning the ore of the Wallace mine at the mouth of the AVhite Fi.sh

ilreT, a partial examination only having been made of it:—
"The specimen was a mixture of a steel gray arseniuret, the species of which I have

Fig. 20. La Rose vein.

not yet determined, with white iron pyrites and probably some arsenical sulphuret of

iron."

The percentage of cobalt in this ore was slight, only a fraction of one per cent.,

while the nickel ran about eight per ee^t. He further says:

"The Wallace mine is the second place in which cobalt has been detected in

Canada. I have already noticed it in the form of arsoniate of cobalt, forming reddish

crusts upon calcareous spar, at Prince's location on Lake Superior. In this locality it is

associated witli vitreous copper, green and blue malachite and native silver, while other

parts of the same vein yield native silver, vitreous silver, blende and copper r,^T.>es
;

in this connection it may be mentioned that a mass of the silver ore selected by

myself from some hundreds of pounds, as an average sample, gave on assay
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3.6014 per cent, of silver, equal to 72 lbs. to the ton of ore. A portion of the silver

extracted by a furnace assay from this ore was found on examination to contain a small

portion of gold amounting to al)out oi e prrt in 7,00(1 of silvtr."

Speaking at this early date Hunt made the remark which after the lapse of a

lifetime read.s like a prophecy: "The detection of a small portion of cobalt in associa-

tion with these metals upon the shores of Lake Huron should lead us to look for deposits

of this rare and valuable material."

FOREIGN COBALT DEPOSITS

Germany and Austria

Known deposits of cobalt-silver ore in other countries which resemble, most closely,

tho.so in the vicinity of Cobalt station, are found in Germany and Austria. The two

principal areas in these countries are those of Joachimsthal and Annaberg. Mining

was begun in the former at the end of the fifteenth or in the early part of the

si.xteenth century. The deposits of the latter, it is said, were discovered in 1492, a

year which possesses special interest for inhabitants of this continent, for then Chris-

topher Columbus first sighted its shores.

The ores of these two regions are similar to those of Ontario, and include com-

pounds of cobalt, nickel, bismuth and silver, with the ore of uranium, which has not

been found in the Ontario deposits. With these are silver ores of various kinds. The

rocks belong to the older systems, but are different in compositon from -those of Cobalt.

At Joachimsthal, in Bohemia, there is a series of mica schist, calc .sclrNt a:id linie-

stone which is cut through by dikes of basalt. The veins are said to be older in age

than the diabase and cut all of the other rocks mentioned. The veins are narrow and

contain quartz, hornstone, calcite and dolomite as gangue material, and they often

show a brecciated structure. The minerals in these ores are embraced in the following

li.st :
—
(1) Silver ores. (Native silver, argentite, polybasite, stephaiiite, tetrahedrite,

proustite, pyrargyrite, sternbergite, argentopyrite near rittingerite, acan-

thite and cerargyrite.)

(2) Nickel ores. (Niccolite, chloanthite, millerite.)

(3) Cobalt ores. (Smaltite as well as bismuth-bearing linnseite and asbolite.)

(4) Bismuth ores. (Native bismuth together with bismuthiuite and bismuth

ochre.)

(5) Arsenic ores. (Native arsenic, arsenical pyrites.)

(6) Uranium ore. (Uranirite or pitchblende.)

With these are galena, zincblende, pyrite, marcasite, copper pyrites and others.

Among these ores those of cobalt and nickel are generally the older ; those of silver

the younger. The veins cut through dikes of quartz-porphyry, and are in turn cut

across by basalt and later dikes.

Of similar composition to those of Joachimsthal are the veins of Annaberg in

Saxony. In this neighborhood the rock is gray gneiss. There are two groups of veins

in the district, the younger carrying the silver-cobalt ores. These are the most impor-
tant of the ore bodies. The gangue material is chiefly heavy-spar, fluor-spar, quartz
and brown-spar with various cobalt, nickel and bismuth ores, namely : chloanthite,

smaltite, red and white nickel pyrites, annabergite, native bismuth, rarely bisrauthinite.

Of the silver ores there are pyrargyrite, proustite, argentite, native silver, silver

chloride, and finally iron pyrites. The more rarely occurring minerals are the gangue
materials, hornstone, chalcedony, amethyst, calcite, aragonite, kaolin, gypsum; among
ores; copper pyrites, galena, zincblende, marcasite, tetrahedrite, siderite, uraninite,

uranochalcite, uranochre., gummite, native arsenic.

The g-eat amount of chloride of silver, which was mined on a large scale at one
time, is interesting. The structure of the veins is irregular.
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From more than 200 observations which have been made the following is given as

the relative ages of the various minerals of the Annaberg veins:—
V. Deoomposition products, for example : annabergite and cobalt bloom.

IV. Silver ores and native arsenic.

III. Calcite and uraninite.

II. Bro«n-spar and cobalt-nickel-bismuth ores.

I. Heavy-spar, fluor-spar and quartz.

The silver-cobalt veins cut across the older tin and lead veins of the district as

well as the dikes of miciogranite and lampropyre. The latter, especially, is often cut

by the silvJi-cub.-l; veins. The.se are cut by basalt, which occurs not only in true

dikes, but also in boss-like forms.

Somewhat similar silver-cobalt ores are found in certain veins at Schneeberg, but
they are not so strikingly like those of Temiskaming, in mineral composition, as are

those of Joachimsthal and Annabe g.

A like association of ores is foiind at Wittichen, where the veins occur in granite.

Somewhat similar silver, cobalt, and nickel ores occur in a network of narrow veins

in crystalline schist at the Chalanches, in the Dauphine, France. These deposits were

discovered in 1767 and have had an interesting history. They were described some
years ago by Mr. T. A. Rickard (Trans. Am. Inst. M. E. Vol. XXIV.)

fig. 27. Cobalt Station, June 1905.

In 1904 only one cobalt-silver mine in Germany had a production worth consideration.

This is in the Schneeberg field. Its output was valued at about $132,147. The values

were in silver, cobalt, nickel, bismuth, arsenic, uranium, samples, etc. The works in

which these ores are treated in Germany are at Schneeberg and are known as the "blue

color works." Both the government and private companies are interested in the

industry, the former apparently controlling the mines, and the latter the refining

wo: ks.

According to Von Cotta, the Joachimsthal district consists of mica schist, together

with more or less hornblende schist and crystalline limestone, the whole be-ng cut by

numerous dikes of quartz-porphyry and basalt. There are also two large granite masses

which rise out of the mica schist. There are lodes of tin, silver and iron. Tin lodes are

fcund only in the granite region. Silver lodes are divided into four groups tolerably dis-

tinct from each other. One set, which has a strike in a certain direction, contains about

17; another set has 21 lodes. There are also lodes which do not come to the surface. Both
classes of lodes are said by Von Cotta to intersect the mica schist, with all its subor-

dinate strata, quartz-porphyry and often even the dikes of basalt and wacke. This

author also says that there seem to be cases where dikes of the last have intersected

lodes or have penetrated into their fissures, from which it may be deduced that the
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silver lodes were almobt contemporaneous with the formation of the basalt in that their

fissures, in part follow the basalt dikes, in part are intersected by the basalt. At all

events they also stand in a certain genetic connection with the porphyry, which here is

evidently of much greater age than the basalt. This subject is still somewhat obscure.

The silver lodes have not yet been found in the granite. Other writers do not agree

with Von Cotta, as they appear to claim that the basalt is younger than the veins.

The following notes are taken from Phillips' "Ore Deposits," p. 436: The

mountains known as the Erzgebirge lie on the boundary between Saxony and Bohemia.

Joachinisthal lies on the Bohemian side, and is therefore an Austrian town, while Anna-

berg is in Saxony.
The country rock in the neighborhood of Joacliimsthal is for the most part mica

schist enclosed between masses of granite. In the eastern portions of the mine where

Fig. 28. Fur<->L^liiv ...u llie t'it:>i ^iJe of Cobalt Lake, oppnr^itf the ruilwuy >t:itiiui, .(une, '190.5.

there are some masss of included limestone, the lodes usually ca ry calcite as the pre-

dominating veinstone, but in the western part where the veins are not infrequently

associated with dikes of porphyry, the gangue i^ a'mi st entirely quartzose. There are

seventeen veins striking north and south and seventeen othe's of which the direction is

east and west. It has been constantly observed that the former exhibit a tendency to

become enriched where they pass hough the porphyry or inciud'rd limestone, while the

latter set of veins are not similarly affected when they come in contact with these

rocks. The ores raised contained values in silver, cobalt, nickel, bismuth and uranium.

In the eastern division of the mine there are two shafts situated about 260 fathoms

apart, the Einigkeit's shaft and the Kaiser Josef shaft.

In 1864 when the former shaft had reached a depth of 280 fathoms, a heavy out-

burst of water at a temperature of 25 C. and evolving sulphuretted hydrogen took

place and greatly interfered with under-ground operations. It took two years before

this water could be successfully tubbed off and mining proceeded with.
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It is interesting to know that the uranium ores of Joachimsthal took on an additional

value two or three years ago, when it was found that uraninite was the chief commer-

cial source of radium.

The character of the ore produced will be seen from the following statement made
by Phillips ;

—
"During the period from 1877 to 1880 there were obtained 29 1-3 tons of ore, con-

taining 4,497 oz. of silver, 198 lbs. bismuth, 878 lbs. uranic oxide, li tons arsenic and

314 lbs. of cobalt-nickel with a little lead, representing a total value of £1,687.

"About this time it became evident that the uranic oxide was the most valuable pro-

duct of these mines, and workings were especially directed to develop the minerals

yielding it. From 1881 to 1886 the average annual production was 38 tons of silver

and uranium ores, worth about £6,520."

It is thus seen that these Joachimsthal veins, during late years at least, cannot be

compared in richness with those of the Temiskaming district.

Norway
"The cobaltiferous fahlbands of the districts lying around Skutterud and Snarum

occur in crystalline rocks varying in character between gneiss and mica schist, but from

the presence of hornblende they sometimes pass into horneblende schists. These schists,

of which the strike is north and south and which have an almost perpendicular dip,

contain fahlbands very similar in character to those of Kongberg They differ from

those of that locality, however, in as much as while here the fahlbands are often suffi-

ciently impregnated with ore to pay for working, those of Kongsberg, although to

some extent containing disseminated sulphides, are onlj' of importance as zones of en-

richment for ores occurring in viens. The ore zc-nes usually follow the strike and dip

of the surrounding rocks and vary in breadth from 2J to 6 fathoms. The distribution of

the ores is by no means equal, since richer and poorer layers have received special

names and are easily recognized. The "Predominant rock of the fahlbands is a quartzose

granular mica-schist or gneiss. The ores worked are cobalt-glance, arsenical and ordi-

nary pyrites containing cobalt, skutterudite, magnetic iron pyrites, copper pyrites,

molybdenite and galena. It is remarkablo that in these n^ines nickel o-es do not

accompany the ores of cobalt in any appreciable quantity. The principal fahlband is

known to extend for a distance of about six miles, and is bounded on the east by a

mass of diorite which protrudes into the fahlband, while extending from the diorite are

small dikes or brandies traversing it in a zig-zag course. It is also intersected by dikes

of coarse-grained granite which contain no ore, but which penetrate the diorite.""

These deposits, which at one time were among the world's chief producers of cobalt,

a e too low grade to be now worked at a profit.

New Caledonia

As the table given below shows, there have been during late years about half a

dozen countries supplying the world with cobalt. The output of New Caledonia is much

larger than that of any other country. It produces probably 85 or 90 per cent, of the

world's supply.

Since the o~e from Ontario has been put on the market the prices seem to have

fallen materially in New Caledonia. It seems strange that Ontario should be practically

the only competitor which this French penal colony, in the southern Pacific, has in

both nickel and cobalt. The rivalry between the two countries in the production of the

former metal has attracted attention for a Tnimber of years. It is now the more surpris-

ing that this Province becomes a competitor with the island in another way.

The cobalt deposits of New Caledonia occur under similar conditions to those of

nickel and the two metals are frequently associated in economic quantities. The de-

ls Phillips. Ore Deposits
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posits of the two metals in Ontario, on the other hand, occur under conditions different

from those of New Caledonia, and there appears to be little connection between the

cobalt deposits of Teraiskaming and the Sudbury nickel ores ninety miles to the south-

west. The Sudbury ore consists of pyrrhotitc and copper pyrites. It is associated with

basic igneous rocks, the deposits being supposed to be of igneous origin. These cobalt-

silver deposits, on the other hand, occur in distinct veins and are of aqueous origin.

New Caledonia is a non-glaciated country. Over a considerable part of its surface

the immediately under-lying solid rock belongs to the l)asic igneous group known as

peridotite. This rock, like other basic varieties, weathers readily, and over a large part

of the surface of New Caledonia it is represented by its alteration product, serpentine.

The surface of this serpentine is more or less broken down, forming comparatively loo.so

or slightly coherent deposits. It is in association with these that the cobalt is found,

its ore being what is known as asbolite. earthy cobalt or cobaltiferous wad. Asbolite is

a mixture of oxides of cobalt, mangane o and other metals. It can harily be called a

distinct mineral. It has been proved that the cobalt, nickel and other metals found in

this decompcsed rock were orignally constituents of the peridotite.

The peridotites are believed by S' me writers to bo post-Cr"taceous in age, and pre

said to be in the form of a surface flow covering the uneven or eroded surface of the

under-lying Cretaceous strata.

They constitute the great serpentine formation of New Caledonia, and are high in

magnesia and low in iron. They are more or less charged when fresh with crystals of

pyroxene, uniquely ferro-magnesian, which lies between enstatite and bronzite. The
unaltered rock belongs, therefore, in Rosenbu.sch's classification, to harzburgite. Dunite,

which is composed of olivine with chrome iron ore and without pyroxene, is met with

at times. The.se peridotites usually show traces of advanced alteration which results

in the more or less complete transformation of olivine to serpentine, and the develop-

ment of talc from pyroxene. At times the alteration is complete enough to produce

perfect serpentines, uniquely constituted of an aggregate of crystals of antigorite

with some films of talc.

Since these rocks always contain a little manganeSo. nickel and cobalt, it would

appear that these metals are integral of the olivine as well as of the enstatite. Grains

of chrome iron ore are abundant in all samples.

The rocks are often traversed b,y dikes, less basic, of the character of gabbro, that

is to say, rocks which contain feldspar and pyroxene. Diorites fine in grain or at

times holding large crystals of hornblende sometimes outcrop in the middle of serpen-

tine exposures.

Much of the mineral mined appears to contain only two or three per cent, of

oxide of cobalt. After wa.shing, it averages probably 4i per cent. In one deposit de-

scribed by Glasser, it is said that the decomposed material occupies a profound depres-

sion in the .serpentine. This basin is filled by a red, clay-like deposit which has a

depth of about .52 metres in the centre and 10 or 12 metres around the border. The

richest ores appear to occur near the centre of the basin and near the contact with

the serpentine.

It will be seen that all the cobalt deposits are irregular in form, and hence it is

difficult to estimate their value.

The cobalt ore is all exported in the unrefined state.

The n-etal comes on the market in the form of oxide, CoO,, which finds use in small

quantities in several industries, the principal being that of pottery, where the blue

coloration which it tends to give to the ware is employed to counteract the reddish

tinge that traces of iron so often produce. It is also used to color porcelain, enamels

and glass. The properties of metallic cobalt are remarkable. It would be used in

alloys and for purposes to which nickel is put if it were as low in price as the latter
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metal. Tlie different uses of cobalt, which absorb annually about 200 to 250 tons of

oxide, guarantee a regular demand for the ore. "3

Mr. A. Glasser, from whose "Report in 1904 to the Minister of the Colonies on thj

Mineral Wealth of New Caledonia"' the foregoing is taken, states that New Caledonia

has practically a monopoly of the production of cobalt in the whole world. He further

says that while the deposits of the mineral are capricious they are at the same time

numerous and extended.

This monopoly has now been broken by the discovery of the Ontario deposits.

-At the time of Mr. Glasser's visit to the colony, the prices paid for cobalt ore were

about as follows:—
Mineral with 4 per cent. CoO 330 Fr. a ton ($66)

Mineral with 3 to 31 per cent, was paid on the same basis

145 fr. and with an increase of .60 fr. for each 1-10 of

1 per cent.,, above 195 Fr. a ton

From 4 to 5 per cent., lor each 1-10 of 1 per cent, above

4 per cent., there was paid 80 Fr.

From 5 to 6 per cent., tor each 1-10 of 1 per cent, in excess

of 5 was paid 90 Fr-

From 6 to 7 per cent., for each 1-10 of 1 per cent, above 6 was

paid 1. Fr.

Above 7 per cent., for each 1-10 of 1 per cent, was paid 1.50 Fr.

On this basis mineral carrying 8 per cent, brings 750 Fr. ($150) a ton.

Production of Cobalt 1896 to 1900

Coutitrv.
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South Australia

Cobilt ore, containing smaltite and other minerals, is found at Bimbowrie, near

Olary, <hi tin- lirokoii Hill line, Ijut little work has been done on the deposit.

South Africa

While silver has, as we have seen, been worked in association with cobalt, the latter

metal lias been very seldom found in association with gold in important quantities.

Reference to only one such occurrence lias been seen by the writer. This is in the

Middleberg district in the northern Transvaal. Here in this non-glaciated district the

gangue material, in the vein to which reference has been made, is kaolin, with which

is mixed gold-bearing quartz. In the latter mineral are small nest-like aggregations

of smaltite and copper ores; and at times molybdenite and the secondary minerals cobalt

III: om, limonite and skoradite.

United States

Up to the present time there has been more or less production of cobalt oxide in

the United States. Some of this came from the cobalt associated with the nickel ores
at Sudbury, Ontario. In the process of smelting which is now used at Sudbury the

cobalt is slagged out of the matte. Hence none cf this metal will he produced in the

future from Canadian matte in the United States. According to the "Mineral Indus-
try," in 1902 there was no production of cobalt oxide from domestic ores in the United
States. In 1901, 13,300 lbs. of cobalt was derived from slag produced in the smelting

of the lead ores at Mine La Motte, Missouri. In 1903 cobalt and nickel are said to

have been discovered near Marion, Kentucky, in association with the fluorspar in that

region. In the same year the Mine La Motte Company undertook the construction of

a smelter and refinery for treating the nickel and cobalt ores obtained in connection

with lead mining.

It is said that a few years ago one or two small trial shipments of cobalt ore from
deposits in Grant County, Oregon, were made to France. The deposits in this county
are described as occupying fissures in a dark greenish more or less altered diabase-

porphyry. They have a general northeasterly and southwesterly strike and dip south-

oast. The ore bodies appear to be more or less lenticular in shape and vary from a

few inches to several feet in width. The principal minerals are chalcopyrite, smaltite,

arsenopyrite, pyrite, pyrrhotite, malachite and bornife with a quartz and calcite

gangue. The values are chiefly in gold, cobalt and copper. Smaltite from a purer

sample cf the ore carrying this mineral and chalcopyrite was found by Mr. Burrows to

have the following composition (No. 1). This smaltite had a rather unusual appearance,

resembling somewhat acicular or fine columnar stibnite. In composition it is close to

that from Gunnison county, Colorado, an analysis of which is given by Dana (No. 2).

Cobalt

Nickel

Arsenic

Sulphur

Iron

Insoluble

Calcium carbonate '.

No. 1.
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mo, state of Jalisco, cobalt minerals are found in veinlets cutting a large vein of mag-
netite associated with pyrite and pyrrhotite. The chief rock in the vicinity is described

as andesite. It is said that somi.' tons of ore have been mined which contained 8 or 9

per cent, of cobalt. The minerals are cobaltite together with small quantities of smal-

tite and cobalt bloom. The veinstones are calcite, slightly greenish, and a little barite.

A little niccolite appears to be present.

The following Mexican localities are also said to contain cobalt minerals : Iturbide,

in Chihuahua, Guanacevi in Duranago, Cosala in Linaloa, at the mine "Mirador"
in .Jalisco. It is said that the zinc in smithsonite is partly replaced by cobalt in Baleo,

Lower California.

Chili

From the table on a preceding page it will be seen that Chili has been a producer

of cobalt. Reference to the occurrence of the metal in that country are few, and the

writer is not able to say what the ores are. According to Dana smaltite occurs, but

in small q\iantities, at the silver mines of Tres Puntas and elsewhere in Chili.

THE COBALT INDUSTRY

In the issue of July 1st, 1905, "Le Bulletin du Commerce," of New Caledonia, which

during late years has been the country producing the greater part of the cobalt con-

sumed, gives some interesting notes concerning the industry under the heading "Co-

balt Canadien et Cobalt Caledonien."

Attention is drawn to the fact that Ontario is now a serious competitor in the

cobalt market with New Caledonia and a synopsis is given of the paper in the last report

of the Bureau of Mines on the Temiskaming Cobalt-Silver deposits.

The following is a rather free translation of a part of the article

:

The governing powers of the colony (New Caledonia) have shown themselves in the

last April session strongly opposed to the reduction of the export duty on minerals

inaugurated in 1903. Since that time the condition of the cobalt market has been pro-

foundly changed by the discovery of deposits in Ontario. New Caledonia cobalt no

longer controls the market; as in the case of nickel, a strong competitor has arisen.

The Canadian, or rather American oxide of cobalt is about to be placed on the

European market. In March last a meeting of those interested in the manufacture

of cobalt oxide was held in Paris, and the Americans there proposed to furnish three-

quarters of the world's consu&ption. The stocks of mineral or oxide to be delivered

or in storage were then large. The manufacturers of oxide in France, England and

Germany have restricted their purchases. It is this state of things which has resulted

iu the prolonged lowering of the market since the complete stoppage of the buying.

Another meeting of European and American manufacturers was announced for

June. It will be interesting to know whether it was decided at this meeting that the

manufacturers of the two continents should work together or that they should enter

into competition. In either case it means a reduction of our export if the Canadian
cobalt is put to the same uses as our own.

It is then evident that the cobalt situation has radically changed and that it would
be folly to willingly persist in the continuation of a tax, which while reasonable in

1903, will be disastrous in 1905, and will prevent all exploitation of deposits, especially

those carrying low grade ore.

It may be added to this that it is difficult to see how any of the deposits of New
Caledonia can be worked iu competition with those of Ontario. The ores of this Pro-

vince carry such high values in ^Iver that they will be worked primarily for this metal,

although they contain on the average much higher values in cobalt than do those of

New Caledonia. Then there are the other by-products, nickel and arsenic in the On-
tario ores. The ores of this Province should control absolutely the cobalt market.
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Introduction

During the past three summers field work has been carried on by the Bureau of

Mines of Ontario, in the Sudbury nickel region, with the object of determining in

detail the boundaries of the nickel-bearing rock, and of examining the geological

relationships of the known ore bodies, special attention being given to working mines.

The field work and the preparation of the previous reports on this region, as well as

of this final report, have been entrusted by Mr. T. W. Gibson, Director of the Bureau
of Mines of Ontario, to the present writer. It is intended that this report shall sura

up as completely as may be our knowledge of the geology of the region, of its oro

deposits and minerals, and of the mines which have been operated.

The field work has been done by the writer and various assistants, especially Mr.
M. T. Culbert, who deserves particular mention for his quickness of apprehension and
skill as a field geologist. The compilation of the accompanying maps also is mainly

the work of Mr. Culbert, though much assistance has been obtained from the officers

of the Surveys branch of the Department of Crown Lands, who furnished copies of

the township maps of the region; and from the work of Drs. Robert Bell and A. E.

Barlow, of the Geological Survey of Canada, whose published maps have been of the

greatest assistance.

The surface plans of mines have been made partly by myself and my at^sistants

taking advantage, however, of any existing plans furnished by mine managers or sur-

veyors. The plans of underground workings have been provided mainly through the

courtesy of mine owners and managers. In the preparation of these plans for publi-

cation Mr. W. E. H. Carter, until lately Secretary of the Bureau of Mines, has been

very helpful.

Valuable aid has been given by prospectors, miners and others connected with the

nickel mining industry in all parts of the region, but special thanks are due to Mr.

A. P. Turner, President of the Canadian Copper Company, and Mr. John Lawson,

who has charge of their mines.

The Sudbury nickel field has long been known as the most important source of that

metal in America, if not in the world, but the work of the last three years has brougl.t

rut more and more strikingly the unique character of this mining region. It has been

proved that all the ore deposits of any economic importance are at or near the out-^r

[1]

1m. (iir)
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margin of a huge laccolithic sheet of eruptive rock a mile and a quarter thick, 33
miles long and 17 miles wide. This sheet is now in the form of a boat shaped syncline,
with its pointed end to the southwest and its square end to the northeast. The rock
composing this sheet is norite.at the outer (and lower) edge, merging into granite
or grano-diorite at the inner (upper) edge. The ore bodies are round the margin
ut the norite or along dike-like offsets from it, and have evidently segregated from the
lock while still molten, though they may have undergone later rearrangement by
circulating water.

It is common to find ore deposits associated with eruptive rocKs in such a way
as to suggest that the eruptive furnished the ore; but in a large majority of the
examples described the ores themselves have been transported and deposited by cir-

culating water. In the Sudbury region, however, there is good reason to believe that
the ore accumulated at the edges of the eruptive sheet while it was still fluid enougu
to permit the segregation and sinking of the heavier ingredients, probably, in part

at least, under the action of gravitation. At a later time, however, there was in many
deposits a considerable amount of water action, particularly in those along offsets.

The conditions just mentioned are of very great interest, both from the geological and
the economic side, and the evidence regarding them will be given in detail at a later

stage.

While special attention was paid to the great eruptive sheet and its ore bodies,

the adjoining rocks also have been collected and to some extent carefully studied and
mappitl ; but this work has been subordinated to the main object of the investigation.

Tt has been found that everywhere the laccolithic sheet rests on ancient, mainly crystal-

line, rocks which have hitherto been mapped and described as Laurentian and
Huronian, while its upper surface underlies a series of later rocks which Dr. Bell

suggests may be Cambrian in age. This inner rock series consists entirely of sediments,

mainly ordinary elastics, such as conglomerate, slate and sandstone, but near the base

including much pyroclastic materials, volcanic ash, lapilli, etc. These stratified rocks

have been bent into synclines and anticlines during the formation of the main syn-

cline. The underlying more ancient rocks present much less regularity, and their relation-

ships are less certain. The rocks mapped as Huronian are, chiefly sediments such ai

quartzite and graywacke tilted into positions more or less approaching the vertical,

and often recrystallized into schists. With them are basic eruptives of great variety,

including lava flows and an older, more basic, norite than that of tne nickel-bearing

rock. The rocks mapped as Laurentian include granite and gneiss younger than the

Huronian, but older than the nickel-bearing eruptive and the overlying sediments.

The youngest rocks of the region are the laccolithic sheet connected with the nickel

ores and certain still later dikes of olivine diabase and granite.

It will be seen that the region presents a wide range of interesting features to tbii

mining engineer as well as to the geologist, and the recent developments in the way

of mining operations and the making of wagon roads and railroads enable one to study

its southern side in a very satisfactory way; but the northern half is still forest covered

for the most part and rather inaccessible.

The mining community and prospectors are accustomed to speak of two nickel

langes, the main or southern one, and the northern one. Our mapping proves that

there is really only one range, which is continuous with the outer edge of the sheet

of nickel-bearing rock. However in a modified sense the two ranges may still be dis-

tinguished, since the extreme west and the extreme east of the laccolithic sheet have

not yet disclosed ore bodies of importance. In a general way there are more numerous

and larger ore bodies, so far as known, on the southern than on the northern ranga,

though there is great irregularity in this respect on both ranges.

As will be shown later the topography of the region has very close relations with

the arrangement of the laccolithic sheet and its adjoining rocks, so that the surface

forms of the area give aid in studying its geology.

1 Mn (ti[.)

<
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PREVIOUS GEOLOGICAL WORK IN THE REGION

Nickel ore was first found in what is now the Sudbury district in 1856 by Murray
who obtained it near the present Creighton mine, where Salter, an early land surveyor,

had noted great disturbance of the compass. Dr. Sterry Hunt analysed the material,

finding in it nickel and copper.' No further discoveries of nickel ores were mado
until the Canadian Pacific .railway was constructed in 1833, when the ore body of tha

Murray mine was disclosed ; and in the following year the Stobie, Copper Cliff and

other deposits. The mineral which attracted attention was however the copper pyrites

and not the pyrrhotite, and the deposits weie valued only for their copper contents,

as the name of the famous "Copper Cliff" mine suggests. It was not till three or four

jears later, when some thousands of tons of ore had been shipped for treatment from

the latter mine that the value of the nickel ore was recognized.'

In the Geological Survey report for 1890 Dr. Bell's report on the Sudbury mining

legion appears as part F, including the results of his field work from 1888 and 1890,

86 well as those of Barlow and various other assistants; and in the same year the

Report of the Royal Commission on the Mineral Resources of Ontario contained a

lumber of references to the region by Dr. Bell and others. 3 In the following year

Dr. Bell contributed an account of the ore bodies of the region to the Report of the

Bureau of Mines, 4 and the same volimie contained the first statistics of the production

cf nickel ore. Since then the nickel contents of the matte have been reported year by

vear, and various references are made to the mines and their geological relationships

by mining inspectors and geologists, as well as accounts of the metallurgy of nickel and

its value in the manufacture of armor plate, etc. It was in 1891 also that Garnier,

the discoverer of the New Caledonian nickel ores, published an important account ot

the Sudbury nickel mines ;5 while in the following year another French mining engineer,

M. Levat, described the treament of the Sudbury ores, comparing them with tho.5e

of New Caledonia.*

In the same year the real character of the nickel-bearing rock was discovered by

Baron von Foullon, who found hypersthene and diallage in specimens from the Murray
mine, proving that it belonged to the norite variety of gabbro instead of being diorits,

as former students of the region had named it.

7

In 1893 the present writer showed that the country rock of certain nickel deposits

on the northern range contained diallage and enstatite, and so should be classed with

the gabbro family ;8 and somewhat later Dr. T. L. Walker, in an Inaugural Dissertation

on the Sudbury Nickel District, proved that where unweathered the nickel-bearing

rock contains hypersthene and hence is norite, as von Foullon had stated. He made
another still more important observation, that this basic rock passes by insensible

?,radations into syenite and granite.? The present writer had found micropegmatite

associated with the nickel-bearing rock but had not observed that the one passed into

the other. '° To Dr. Walker belongs also the credit of first lecognizing the field relation-

ships, showing that the transition from norite to pegmatite was from southeast to

torthwest near the Murray mine; but in the reverse order near Onaping, so that the

basic edge was on opposite sides of the two nickel ranges.

That the ore is really a very basic segregation from the margin of the eruptive

mass with which it is associated was brought out in 1894 by Dr. Adams, who followed the

theory proposed by Vogt for the Scandinavian nickel deposits."

I Geol. Sur. Can., 1853-6, pp. 180 and 189. 3 Pp. 23, 67-8, 88, 100, 404-5 and 433-5.

3 See Dr. Bell in Bur. Mines, 1891, p. 89 4 Pp. 88-90.

5 Mem. Soc. des. Ing. Civils. 1891.

6 An. des Mines, 1892, Tome I, 2 Livraison; see also translation in Bur. Mines, 1892, pp.
149, etc.

7Jahr-b. d. k. It. geol. Reichsarstalt. Vienn.i. 189?. pp. 223-310
8 RocltB of Clear lake near Sndhnry, Can. Eec. So., Apr. 1893, p. 344.

gOuar. Jonr. Geol. Soo., Vol. LIU, pp. 40-46.

to Can. Eec. Sc. 1893. p. 345.
II Can. Min. Eev., Jan. 1894, p. 8.
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In 1901 Dr. Barlow gave a brief account of the rocks of a portion of the Bouthern
nickel range, in which he described excellently the norite and its gradation into micro-

ptgmatite." Later his large scale maps of the Copper Cliff and Victoria mines regions

have appeared, and a further summary report on rocks of the region in 1902. '3 In

the latter year the first detailed report of the Bureau of Mines was prepared, taking

up especially the working mines of the southern range, of which maps and plans were
published ; and in 1903 the work of mapping the northern nickel range was nearly

completed. M.

In 1904 Dr. Barlow's admirable final report on the region was published as Part
H of the Geological Survey report for that year. It is much the most complete

account of the region yet given, and should be referred to by anyone desiring a full

knowledge of the geology, and also of the economic development of the Sudbury dis-

trict. Several useful maps of parts of the district are published with the report.

In the foregoing review of the literature of the subject only reports and papers

of a geological nature have been referred to. Many papers have been published on tho

mineralogy, metallurgy, and mining of the district ; but these will be noted in later

portions of this report.

It will be seen that the region has attracted much attention and has been studied

ill whole or in part by many geologists. It was, however, a very difficult region *or

geological work in earlier days, being rugged and forest covered, and in most parts

unprovided with the canoe routes which facilitate geological work in so many parts

ci northern Ontario. The real field relationships could only be determined by following

up in detail the basic edge of the eruptive, thus proving that it is continuous and not

merely a series of larger or smaller bands of basic eruptive rock.

The map constructed by Dr. Bell and his assistants was in some respects surprisingly

accurate and served an excellent purpose in its time, though later work under mor<j

favorable conditions has thrown new light on many points and has given the clue to

the general relationships.

TOPOGRAPHY

The topography of the Sudbury district is very closely bound up with its geology,

the great laccolithic sheet especially influencing the land forms. The ancient Huronian

and Laurentian rocks outside the eruptive sheet have a varied, but generally rugged

and hilly, surface, the harder quartzites and granites rising as steep hills or ridges,

while the softer rocks make the low ground, largely covered with old lake deposits or

by lakes and swamps.

The nickel-bearing eruptive varies considerably in different parts, and these varia-

tions express themselves in very different types of topography. The basic phase of

the rock yields readily to weathering, while the acid pha^e is a very resistant rocK.

The basic edge has had little effect on the rocks with which it is in contact, the so-cafled

Huronian and Laurentian, so that the topography outside the basic edge depends on

original differences in the character of the Archean rocks themselves. On the other

hand the acid edge has powerfully metamorphosed the overlying sediments, turnia^

them into very crystalline and durable rocks. Half a mile inward from the acid edge

the tuffs and slates are much softer ; but in the centre of the syncline there are thici:

sandstones of a more resistant nature than the slate.

The relationships just sketched furnish an explanation of most of the topographic I

features, which may now be discussed briefly. The exposed surface of the eruptive i

along the southern edge of the syncline is often four miles wide and averages more than ;

three miles in width, of which the outer half is basic and weathers rapidly. Along thelj

12 Geol. Snr. Can.. Sum. Eep., p. 143, etc.

nibid. 1902, pp. 252-267. '>(
14 Bur. Mines, 1903, pp. 235-299; and 1904, pp. 192-224. B;!^
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northeril side the width varies from three miles to less than cne mile, averaging nearly

two miles, of which less than one-half is basic as a lule, and in places the basic portion

is almost lacking.

The topography in general is then as follows : the country outside the synclino

has the somewhat rugged and irregular mixture of hills and valleys of rather moderate

heights and depths usual in Archean regions. The basic edge of the southern nickel

range follows, with low, gently accentuated surfaces for a width of about two miles

;

after which comes a belt of quite precipitous hills belonging to the acid edge. The

adjoining metamorphosed conglomerate and tufiE makes a narrow band of very pre-

ripitous hills, often having unscalable cliffs. The inner, softer tuffs and slate mako

the floor of a wide valley, followed by hills of sandstone in the middle of the syncline,

much lower however than the other hills referred to before.

Approaching the northern nickel range, after a flat valley representing the slates

and softer tuffs, one finds once more a very mountainous band of country formed by

the metamorphosed tuffs and the acid eruptives; then a narrow valley, often filled with

a lake or muskeg, at the basic edge; followed by the irregular Laurentian hills to tha

porth.

The contoured portion of the map accompanying this monograph illustrates

graphically the relationships just referred to, so that detailed description is unnecei

ssry. It should be remarked however that this section was chosen because of the

convenience of the railway bench marks in working out the levels, and the railway

has naturally selected the easiest passes into and out of the flat central valley. The
scid edge near Azilda presents a much less rugged appearance than is usual in other

h arts of the range.

™ Although the country along the acid edge is so precipitous and rough in charactor

SB to cause difficulty in running lines because of vertical or even overhanging cliffs, the

total difference in altitude from the flat interior of the basin to the enclosing hill tops

is not more than about 600 feet, so that the elevations can scarcely be called mountains.

The highest points measured reach not much over 1,400 feet above sea level.

In general then there is an elongated central area of low ground with compara-

tively gentle hills running down its centre, surrounded by a margin of very precipitous

hills rising from 200 to 600 feet above the plain. Then comes a valley about a quarter

M half a mile wide on the northern side and two miles wide on the southern, succeeded

by the irregular hilly country of the outside Archean. The interior plain as well as

all the low ground to the south of the eruptive area is covered with lacustrine clay or

sand, while the less frequent level ground to the north consists of sand nad gravel

terraces at higher levels.

HYDROGRAPHY

In a region so recently ice-covered as northern Ontario the arrangement of the

lakes "and watercourses is of a very youthful character, very little filling of basins,

n" or cutting down of rocky obstructions having taken place, and yet the old topography
w! profoundly affects the drainage system. The main river of the district, Vermilion
til! river, comes in from Archean country t^ the north as a singularly straight north and

south chain of narrow lakes connected by swift water or rapids. As soon as the hilly

border is passed by an evidently pre-glacial channel the river changes its character,

flowing gently over drift sand and gravel at the northwest end of the interior basia

to lake Onwatin, an expansion in the soft slates. It then turns west for twelve miles,

i| and afterwards southwest for six miles, keeping to the band of slate almost to Larch-
wood, where it cuts across the low sandstone ridges, forming rapids and falls.

Arrived at the southern band of slate it expands into Vermilion lake, a counterpart

>f Onwatin, as noted by Dr. Bell, turns east for five or six miles of placid water, and
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finally strikes southwest across the acid edge as lake-like stretches separated by rapids

or falls. It receives one large tributary, the Onaping, which plunges as a successioTi

of violent rapids and falls where it crosses the acid edge on its way from the north

into the central plain towards its eastern end. It then turns east following the slata

until it joins the Vermilion above Larchwood.

Fall nil the Onaping over vitropliyri' tuffs.

The smaller tributaries largely occupy the same band of slate, and it is clear that

the whole drainage system is mainly controlled by the peculiar geological structure of

the region.

With the exception of Onwatin and Vermilion lakes, which have in general flat

low shores and are merely expansions of Vermilion river, the low central area of sed

nentary rocks contains no important lakes, except AVhitewater, which has its northern

shore within the tuffs. All round the hilly edge of eruptive rock, however, we find

typical "rocky lake" country with irregular steep shored bodies of water, such as

Vairbank, Windy, Trout and Whitson lakes. Along the northern basic edge of the

eruptive there are many small narrow lakes whose basins are due to the rapid decay

of the norite between walls of granite and giiei.ss to the northwest and the acid phase

of the eruptive toward the southeast. The wider valley of the southern basic edge has

lower hills and more numerous openings toward the southeast, and its hollows arc

mainly filled with drift, so that there are few lakes along that side.

The lakes of the interior basin are shallow and have muddy shores, while those

of the hilly border are often very deep with rocky shores and clear water. They stand

usually a hundred or more feet above the valley, and the small streams which drain

them are full of rapids and falls.

The Vermilion river and its tributaries in the interior valley have very meandering

channels, and are engaged in carving down the old lake deposits to the base level of th
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t.ext lower outcrop of rock. In the rocky country on each side of the basin their

channels are determined by the irregularities of the rocky valleys, where practically

no cutting has been done since the glacial period except in the unevenly distributed

boulder clay.

METHODS OF SURVEY
Different parts of the Sudbury district are in very different stages of development,

the southern portion being well supplied with wagon roads and railways, and having

a number of towns and villages, as well as cultivated farms in the clay covered flats

and valleys. Most of the country near the great mines has been cleared and burnt

over, sometimes more than once, so that the rock is excellently exposed, except v^Tiero

buried under old lake deposits. The northern range, on the other hand, is still largely

a wilderness covered with woods and with few roads except those of the lumbermen,

who are now removing the pine.

These differences are partly due to the richness of the mines in the southern rang»,

tut perhaps in an equal degree to the passage of the main transcontinental line of th^

Canadian Pacific railway through it. The latter circumstance has its cause in the

gentler character of the country in the southern part, resulting probably to a consider-

able extent from the much greater width of the norite margin of the eruptive. Norita

weathers quickly and where wide forms a comparatively level surface with gentle hills.

The town of Sudbury is southeast of the main nickel range, and from it radiate

railways in various directions, the main line of the C. P. R. running roughly east and

west through the district; the "Sault" branch turning off to the southwest; the Algoma

Central running for eleven miles about midway between it and the main line, follow-

ing the basic edge of the eruptive where various mines are at work ; and finally a branch

running north three or four miles to the Stobie and other mines not now working.

The whole district has been surveyed into townships six miles square, and the linos

between the square miles have been run, as well as occasionally north and south linos

dividing the square miles into halves. Unfortunately for the geologist many of these

purveys are now old, and the lines have grown up or have been obscured by lumbering

operations, or fire has actually destroyed all evidence of the surveyor's work, so thit

following the lines is difficult and often impossible. On this account much topographical

work has been required to fix the geological relationships, especially the contacts of the

inner or acid edge of the nickel-bearing eruptive with the overlying sediments. It was

decided to determine the position of the acid edge at points not more than a half mile

apart, the usual method being by pacing from corner posts to the point of contact,

while the basic edge was mapped in a more detailed way, especially in the neighborhood

of mines or ore bodies. The latter work was done partly by pacing and prismatic com-

pass, or where there was local attraction, by dial compass ; and partly by micrometer

work. There are parts, however, especially toward the southeast corner of the boat

shaped syncline and at its southwestern end, where swamps or drift deposits hide the

solid rock and leave some uncertainty as to the line of contact. The longest stretch

covered in this way is in the townships of Falconbridge and Maclennan, where there

is a gap of a little over two miles.

During the field work in the southern part of the region railways were largely

made use of as bases, and in several places there are good wagon roads which were

of service in tracing the basic edge. For the basic edge on the northern range and for

the acid edge everywhere, these modes of access were seldom available and the work

was done by tramping through the woods, or, where possible, by canoes on lakes and

rivers.

It was found that the township maps as well as the maps of mining locations are

usually accurate in so far as lines which had actually been surveyed are concerned, Dut

that the courses of rivers and the forms of lakes are commonly very badly mapped,

and that many smaller lakes not cut by a survey line have been omitted altogether.
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The levels of the region have been determined mainly by aneroid from fixed points

such as railway stations and bench marks, White's Elevations of Canada being made
use of. In order to give an idea of the topography of the country for a mile or two on

each side of the Canadian Pacific railway from Murray mine to Windy lake has bee'i

f.ontoured, the lines being placed 25 feet apart. The work was done partly by hand
level and partly by aneroid, and except near the railway great accuracy of detail wis

not aimed at. Owing to lack of time and the smallness of the staff available it was

not possible to contour the whole district, but elevations of many of the higher points

and of the chief lakes are given on the map. As these were determined by aneroid,

and often at long distances from the railway, their accuracy is only approximate.

CLASSIFICATION OF THE ROCKS

Underlying the sheet of nickel-bearing eruptive there are various sedimentary and

eruptive rocks which have always been placed in the Laurentian and Huronian. The
Laurentian was originally supposed to be the older of the two, but it is now known

that it has, in many places if not all, an eruptive contact with the Huronian, so that

its age must be later. The Laurentian consists wholly of eruptive rocks but the

Huronian contains more sediments than eruptives. The oldest rocks of the district

are the banded iron formation and the schists associated with it, but they nowhere

cccur in the neighborhood of the nickel ranges, though they are developed in interesting

ways on the north shore of lake Wahnapitae not far to the eaet, and in Hutton and

adjoining townships to the north. The iron formation consists of silica of a quartzitic

cr jaspery kind interbanded with magnetite, in Hutton township affording great bodies

of fairly good magnetic ore. '5 These rocks have been placed in the Lower Huronian

by the geologists of the Bureau of Mines, the equivalent of the Keewatin as lately

defined.

Their relationship to the sediments south of the southern nickel range is not quito

certain, but the latter are generally considered younger and have hitherto been put

with the rocks of the original Huronian area as Upper Huronian, but by the new
classification will be Lower Huronian. '

The widespread sedimentary rocks south of the nickel range differ materially from

Ihose of the original Huronian, however, containing no bands of limestone nor red

jasper conglomerate and very little white quartzite, and being generally more esteu-

sively metamorphosed. They include distinctly stratified graywacke or quartzite with

slaty bands, probably with a synclinal arrangement, as suggested by Dr. Barlow, since

there are two parallel bands with arkose between. The arkose, though apparently

later than the graywacke and included in its syncline, shows very I'ttle evidence of

stratification in most places, and is often so far re-crystallized as to look like felsite or

fine-grained gneiss. It has frequently been taken for an eruptive, and has been spoken

of as syenite, but its parallelism with the well stratified graywacke and its general field

lelations make it almost certainly a sedimentary rock. The slaty graywacke is often

crowded with whitish or gray pseudomorphs after staurolite, and is what Dr. Selwyn

r amed "rice rock." Occasionally the pseudomorphs are far too large for grains ';f

rice, and reach four or five inches in length.

W'hen the slaty graywacke lies beside large granite masses, as near the Frood mine,

it may become more schistose, so as to form mica schist or fine-grained gneiss.

In some parts of the region, especially toward WTiitefish and W'orthington, there

are pale gray and very cleavable slaty rocks without the coarser textured layers, prob-

ably of the same age as the rocks previously described.

iNorth of Ramsey lake and in other places there are considerable areas of gray-

wacke conglomerate, usually showing little evidence of stratification and consisting

cf a dark gray or black matrix enclosing angular or rounded pebbles and boulders of

IS See Bur. J'dnes, 19C3, FP. 318-J21; ard 1904, pp. 216 221 and 222-224.
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various rocks, such as vein quartz, quartzite and granite. In appearance they suggest

a greatly metamorphosed boulder clay, and it is not impossible that they originated

by ice action.

'Though the relations of this conglomerate to the slaty graywacke are somewhat

obscure, it appears to be younger, the quartzite boulders probably coming from harder

quartzitic layers of the previously mentioned rocks.

A narrow, discontinuous band of undoubtedly water formed conglomerate,

very like some parts of the typical Huronian conglomerate north of lake Huron,

stretches for about two miles northeast and southwest near Stobie mine ; and near

by is a small hill of white quartzite like that near Lake Huron. Just how

these rocks should be placed with regard to the more widely spread rocks is uncertain,

but they have been tilted and faulted in the same way and are probably of the same

g;eneral age, i.e., Huronian.

All the older rocks of the region have been greatly faulted, the faults being very

numerous but usually with a small throw ; and in various places there are crush con-

glomerates along the planes of faulting. Dr. Barlow in his map of the Copper Cliff

region indicates a series of close folds in the schistose rocks, and it is quite probable

that most of the Huronian has been sharply folded by the elevation of neighboring

I.aurentian areas, but our work was not detailed enough to prove this relationship.

Eruptive Rocks in the Huronian

Thie sedimentary rocks described above are associated with green schists and

various greenstones and other basic eruptives which seem to be of much the same
age. The schists may be sheared diabases or gabbros, now reduced to chloritic anJ

hornblendic rocks ; but beside them or intermingled with them are hornblende porphy-

rite, with large crystals of hornblende, and white spotted rocks, perhaps once porphyrites

containing feldspar crystals. In many places these rocks pass into a very fine-grained

norite, entirely different in character from the nickel-bearing norite, and of course

much older than that important rock. In a few places there are well developed "pillow

structures" and amygdaloidal or concretionary forms that must be explained as resulting

from surface volcanic flows. Hills made up of these various basic rocks extend for

several miles along the southeastern edge of the main nickel range, from Blezard to

Elsie, and they are found less extensively in several other parts of the region.

Other basic eruptives, such as hornblende porphyrite and gabbro, form long bands

01 sometimes small laccoliths entirely enclosed in the Huronian sediments and often

tilting them up in such a way as to prove them later in age, as in the hill east of

Sudbury and a ridge south of Copper Cliff. Though later tUan the sediments they are

supposed to be older than the nickel eruptive, and may represent earlier effusions of

the same magma, since small pockets of nickel ore occur in them.

Fine and coarse-grained granite also penetrates the arkose, in general older than

the nickel-bearing rock, though one band of red granite near Murray mine seems to

have been later. Some of the granite may even be a re-melted or re-arranged part of

the arkose, though! this has not been clearly proved.

At one point north of Sudbury a grayish quartz-porphyrite rises through the

prkose, superficially very like the enclosing rock.

In general all these acid eruptives and many of the basic ones, though later in age

than the Huronian sediments, are older than the nickel-bearing eruptive and the rocks

which overlie it ; and are considered to belong to the Huronian rather than to aay

later series.

The Laurentian

In addition to the medium and fine-grained granites mentioned above there are

coarse granites and syenites often porphyritic, which merge into gneiss and have been
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placed in the Laurentian by most writers. There are considerable areas of these

locks from Copper Cliff west to Creighton mine, evidently younger than the green

Huronian schists, since they contain patches and elongated strips of them ; but gen-

erally older than the norite, which) often grows finer-grained where it approaches them.

Still farther to the west is a great area which has always been mapped as Laurentiac,

and this expands to the northward and forms the northwestern country rock- of many

ct the ore bodies along the northern nickel range.

There is a good deal of variety in these rocks, most of which are granitoid gneiss'.'s

nt a dull flesh color. They may have the composition of syenite or of grano-diorito,

pnd very commonly they include angular or tailed out masses of greenstone or gre.=ii

f-chist, sometimes of large extent. The gneissoid structure is sometimes parallel to th?

edge of the norite, but at different points it may be found striking in almost any

direction, so that the schistosity is probably older in origin than the nickel-bearing

rock, and not a result of that eruption, like the schistosity of the Huronian rocks

lust to the southeast of the main nickel range. There are probably granites of later

age enclosed in the granitoid gneiss, but, so far as known, these are older than the

nickel eruptive. A bright flesh red granite of coarse texture, cut by the Foy offset

from the northern nickel range, is probably of this character.

Comparatively little time has been devoted to the Laurentian, and it should bo

stated that more or less greenstone or green schist, probably of Huronian age, and

even a few small bands of the iron formation are covered by the Laurentian color.

Comparatively large greenstone areas are known to exist west of Windy lake and east

ol Blue lake, near lake Wahnapitae, but lack of time prevented careful mapping of

these tracts, and they are not separated from the Laurentian.

In our classification all the rocks referred to the Laurentian and Huronian ar.>

considered to belong to the Archean, while the rocks above them are looked on as

probably of Animikie or later age.

Rocks above the Archean

The rocks next in age to the Laurentian appear to be the sedimentary series en-

closed in the basin of the nickel-bearing eruptive, which probably represent approx-

imately the Animikie of western Ontario. It is curious that these are nowhere found

in contact with the two lower series, the Huronian and Laurentian, the eruptive sheet

always separating the upper rocks from the lower, evidently because the division be-

tween the unmetamorphosed Animikie and the more crystalline Archean provided an

easily invaded plane for the laccolithic magma to spread out in. AMien that took

place the upper sedimentary deposits were in a sense floated off from their foundations.

The rocks here classed as Animikie may be subdivided into four formations, the

Trout lake conglomerate, the Onaping tuff, the Onwatin slate and the Chelmsford

sandstone, employing local names for the sake of convenience of description.

The Trout lake conglomerate with coarse pebbles or boulders of granite and other

locks is evidently basal and now rests everywhere upon the "acid edge" of the nickel

bearing eruptive, which has profoundly acted on it by heated solutions, so that it is

now the most resistant rock of the series.

The Onaping tuff is well displayed at the high falls of Onaping river, where the

dark fine-grained volcanic sediments overlie the Trout lake formation ; but the tuffs

occur without a break all round the basin.

The Onwatin slate is black, carbonaceous, and very fissile, and lie^ between the

tuff and sandstone, but is too soft to be well represented in the rock exposures.

The Chelmsford sandstone runs as low sharp ridges down the centre of the basin,

being best represented at Chelmsford and Larchwood.
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STRATIGRAPHY OF THE NICKEL BASIN

The great complication of the Huronian sediments and the eruptives penetrating

them, as well as the interruption of Laurentian granitoid gneiss have made it im-

possible in the time at our disposal to work out with; any definiteness the thickness and

detailed relationships of the rocks lying below the nickel eruptive, though their prob-

able succession in age has been pretty certainly determined. With regard to the

eruptive sheet itself and the overlying sediments, much more is known and a fairly

complete account of their relationships can be given. Though the eruptive is later in

age than the sediments, it is convenient to begin with it as the lowest rock in the

series.

The Sudbury Nickel-bearing Eruptive

The rock always found associated with the nickel deposits is found to be norita

wherever fresh, as shown by von FouUon and Prof. Walker and confirmed by I>r.

Barlow and myself ; but it is very often weathered so as to have the composition oi

diorite. It has various shades of gray, generally dark along the most productive part

of the southern nickel range, and passes insensibly into pale gray or flesh colored

micropegmatitic syenite or granite towards the inner and upper edge. The width

of the band is quite variable, running from four and one-fiftK miles near the Creighton

and Murray mines to five-sixths of a mile at the narrowest part near the northeasterji

corner of Morgan township. The average width of the southern side of the eruptive

band is 3.1 miles, and of the northern 1.9 miles; and the total average width is 2.5

miles. Where the band is wide quite half of it is dark gray norite; but where it is

narrower the acid (granitic) portion takes up more than half ; and at the narrowest

point the noritic phase is almost absent. What has been said of the basic portion of the

rock applies in a general way to what may be called its most basic fringe, the nickel

and copper sulphides. Roughly speaking, ore bodies are more numerous an3 larger

where the whole eruptive is wide, and less numerous or absent where it is narrow.

The length of the boat-shaped eruptive sheet is 36.2 miles, and its greatest width

1G.6 miles, the average width being 13.6 miles ; so that the whole area, covered as well

as exposed is 495 square miles. The inward dip of the contact between the ore bodies,

or the basic edge of the eruptive when ore is absent, with the underlying Huronian

or Laurentian rock runs from 20" to 64*, and the average dip may be estimated bs-

(ween 30° and 45^^. As the inward dip of the overlying sediments averages about 30",

this will be taken as the true average dip of the whole series of rocks.

Accepting the dip at 38", the eruptive sheet has an average thickness of 1.2.5 miles.

If thi.s thickness is retained in the parts hidden beneath the sediments, the total

volume of the sheet is nearly 600 cubic miles; but probably the sheet is thicker in

central parts, and certainly all the edges have lost greatly by erosion, so that the

original volume must have been very much greater than 600 cubic miles. As tha

circumference of the basin is 80 miles, one mile added to its margin would increase the

volume by 100 cubic miles, and in the beginning the total volume may have been 1,000

cubic miles or more. As the basin now stands the northwestern edge of the eruptiro

has an elevation of about 300 feet above the southeastern edge, perhaps due to more

rapid weathering of the much wider basic part found along the southeastern side.

The basic edge sends offsets into the surrounding rocks for distances up to eight

miles, in places continuous and dike-like, but often discontinuous and irregular; and

the acid edge also projects into the overlying rocks, though none of the apophyses have

teen traced for notable distances.

The lower rocks have been greatly crushed and faulted, and coarse breccias have

( ften been formed of the blocks, cemented with narrow bands of norite or witTi ore.
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General Features of the Basin

The origin of the synclinal basin whose rocks, ranging from the nickel-bearing

eruptive beneath, to the Chelmsford sandstone on top, have just been described is

most easily explained by supposing that the source of the 600 or 1,000 cubic miles of

eruptive magma now solidified as the great laccolithic sheet was immediately beneath

the basin itself. As the magma welled up and spread out broadly beneath the origin-

ully horizontal sediments the floor of crystalline Archean rocks (Huronian and

Laurentian) collapsed owing to lack of support and underwent great faulting and

shearing, as may be seen in the complex system of fault planes and crush breccias dis-

played near Sudbury.

Crushbreccia, hill south of Creighton.

In a general way the sedimentary series of the basin was cushioned by the molten

sheet more than a mile thick beneath it, so that faulting is not very prevalent in the

upper rocks ; but the gradual sinking of the substructure brought the uppermost layer

that of the Chelmsford sandstone, into compression, causing gentle anticlinal folds

or elongated domes.

The sources of the magma extended from northeast to southwest, so that the main

effect of the collapse of the underlying Archean rocks was to produce compression at

right angles to this plane. Hence we find a well marked slaty cleavage in all parts

of the sediments which were not impregnated with materials from the eruptive and so

hardened. The fissure from which the molten rock came was probably somewhat curved,

teing convex toward the northwest, so that the slaty cleavage in the southwest end of

the syncline runs from 60° to 70°, while toward the east end it bends to 80° or even

to southeast at the extreme corner.
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In general the slaty cleavage is nearly vertical with a tendency to incline toward

the southeast; but along that side this tendency becomes more marked until at the

edge a well defined schistose structure is developed, dipping even 45° or 35° to the

southeast and flattening the pebbles of the basal conglomerate, as on Whitewater lake.

Since the eruptive sheet is nearly twice as thick on the southeast as on the northwest

side (the width on the surface being 3.1 miles to 1.9 miles) the greater weight may
have had an important effect in producing a more extensive collapse on this side, or

pise the sinking of the substructures was greater here, permitting a thickening of th-i

sheet. The fractured and faulted and slickensided character of the country rock at

"^

-"»-.

%:-^-
"r^""

Jtr~^*.. •>?:.

*->-''*.

Fault hill, south of Creighton

hie Creighton and North Star mines may be accounted for in this way. It is possible

too that the peculiar broad bay-like margin of the acid edge between Gordon and
Whitewater lakes and the projection of two long and important offsets from the basic

edge, at Victoria mine and Copper Cliff, as well as the separate nickel-bearing band
of Frood and Stobie mines, may be brought into connection with the great weight of

the fluid or plastic magma at this part of the southern edge, where it is thicker than

elsewhere.

After the eruption of the nickel-magma a long continued process of segregatioii

took place, to some extent at least under the influence of gravitation, the sulphides

sinking into depressions of the Archean substratum, and the more acid and light3r

portions of the rock rising to the upper part of the sheet. The great thickness of

the overlying sediments, estimated at 10,230 feet (with an average dip of 30°) was

eufiScient to render the cooling exceeding slow, permitting of a very perfect separa-

tion of the heaviest ingredients, which were also the most fluid, at the bottom.
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Later Eruptives

As explained before, the nickel-bearing eruptive is younger than the series of

sediments which rest upon it, but it is by no means the latest eruptive of the district.

Penetrating its edge near Murray mine and Copper Cliff there are flesh-colored to

gray medium-grained granites, and within the eruptive north of Murray mine and
rear Whiteon lake, as well as in other placeis, there are pale or flesh-colored granitic

rocks, probably later dikes or irregular bosses ; so that the main laccolithic sheet w is

loUowed by more acid flows of a somewhat later age, but perhaps before the sheer

had completely lost its heat.

Probably at a much later time, after the whole region had cooled down, fissures

several miles in length and often more than 100 yards wide were opened through all

the earlier rocks and filled with olivine diabase, the freshest rock in the region. This

took place after even the most fluid and lowest portion of the nickel-eruptive, th-j

pyrrhotite of the ore bodies, had completely cooled, for the dikes cross indifferently

from it to the granitoid gneiss or the norite, but have a more glassy edge against the ore

than against the other rocks, since the sulphides were better conductors of heat and

chilled the dike more quickly.

These very numerous olivine diabase dikes remind one of the dikes and "'Logan

s.ills" of the Port Arthur Animikie and may be of the same age, Keweenawan, thouj;'i

there is no direct proof of this, since distinctively Keweenawan beds have not been

found in the Sudbury district, the nearest point at which they are known being oi

the east shore of lake Superior 150 miles away.

Still later than the diabase dikes, and the latest known rocks of the district,

except the Pleistocene, are some narrow granite dikes which cut the diabase itself

about three miles west of Sudbury. These are probably post-Keweenawan. It is under-

stood of course that all the rocks described are to a greater or less extent covered wit-i

boulder clay, moraines, kames and eskers, and that wide-spread beds of stratified clay,

sand and gravel deposited in post-glacial lakes come later still ; but none of the fossil-

iferous beds of the Palaeozoic touch the district so as to fix tl^e upper time limit cf

the unfossiliferous rocks above described. The neircst Palaeozoic strata are the

Cambro-Silurian beds of Georgian bay, 36 miles to the southwest.

The succession of rocks in time is given in the following table

:

Table of Formations

PLEISTOCENE Sand and clay.

i Latent granite dikes.

t-c-w-r-TTx'iTjjAv' -' Olivine diabase dikes.KEWEENAWAN
|
Granite.

I Sudbury nickel-bearing eruptive.

/ Chelmsford sandstone.
,,.,,,,,.,„ I Onwatin slate..AM.MIME jOnapingtnff.

I Trout Lake conglomerate.

/' Laurentian Granitoid gneiss.

i-Void
and ba.sic Huronian eruptives.

Ramsay Lake graywack^-eonglomerate.
Copper clifl arko.se.
McKim graywack*.

CHARACTER OF THE SUDBURY ORES

The ores of the Sudbury mining district are extraordinarily uniform, three eul-

r hides only making up practically the whole of most of the ore bodies, and only two

a^ a rule presenting themselves to the eye, pyrrhotite or magnetic pyrites, and chalcrv

pyrite or copper pyrites. The third one, pentlandite, is much the most importanc,

though commonly invisible in the ore except at a few of the richer mines, where it

appears only occasionally.
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The mineral present in much the largest amount is pyrrhotite, a sulphide of iron

whose cuiiipui-itioii as given varies from Fe^Sg to Fe„;S,7. It is pale bronze with

bright metallic lustre on fresh surfaces, but quickly tarnifihes to brown, and very

readily weathers, turning to a rusty mass, the gossan which is so characteristic of all

the nickel mines. It almost never appears in crystals, though a certain platy char-

acter at a few mines suggests crystalline structure, and it may be from coarse to fine-

grained. Its property of magnetism distinguishes it from other sulphides, since it i"

easily attracted by the magnet, while others are not, but the strength of its magnetisra

varies considerably in different localities, for reasons not certainly understood. Tho

most highly magnetic ore of the region is found at Blue lake toward the northeastern

end of the ranges, specimens from there having distinct polarity and attracting iron

filings. In other parts the pyrrhotite is too feebly magnetic to do this, though it

a'ways shows a powerful effect on the compass or dip needle. Attempts have been maJo
to locate ore bodies where hidden by drift or obscured in other ways by means of the

dip needle or more delicate appliances, such as the Thompson-Thalen magnetometer,

and a considerable amount of magnetic survey work has been done by Messrs. Nystrom,

Kay, Miller and others, for the Mond Company, the Lake Superior Power Company
and Mr. Thomas A. Edison. It cannot be said however that up to the present anv

^ery important practical results have been attained by this method of exploration.

In a few places pyrrhotite has occurred almost to the exclusion of copper pyrites,

?s at Gertrude mine, where there was so little copper in the ore that plans were made
8t the Sault Ste. Marie for roasting it, and reducing the resulting oxide directly to

ferro-nickel ; but even at the Gertrude, mining operations soon showed a considerable

amount of chalcopyrite, making the ore unsuitable for that purpose.

Though the chalcopyrite is generally present in much less quantity than tho

pyrrhotite, occasionally, as at the Copper Cliff in early days, it may form the larger

proportion of the ore. The two sulphides commonly occur together, the brassy lustre

I f the chalcopyrite distinguishing it from tho bronze of the pyrrhotite, and polished

surfaces of ore show quite irregular arrangements of the two minerals. They do not

appear to be very minutely intermixed as a rule however, and it is not difficult to

select fairly pure examples of each.

Pure pyrrhotite contains on the average about 3.21 per cent, of nickel in the

Sudbury region, and pure copper pyrites, having the composition CuFeS.^, contains

S4.6 per cent, of copper. Since the ores of the district produce on the whole about

equal amounts of the two metals, the proportions of the two minerals in the oi-e must

he about 10 parts of pyrrhotite to one of chalcopyrite.

The variations in the proportions of the two minerals even in the same ore body

are sometimes wide, as at Copper Cliff, where the percentages obtained in different

jears present differences such as 4.63 copper to 4.46 nickel at one time and 7.81 copper

tc 2.37 nickel at another. The different mines vary even more widely from one another

in this respect, the Creighton, for example, having nearly 5 per cent, of nickel to 2 of

copper, in contrast to the percentage given above for Copper Cliff.

It is probable that the chalcopyrite is a little more mobile in the ore bodies than

the pyrrhotite, since it is more commonly found filling fissures in the country rock,

fT as a film between slickensided surfaces of the lat^r diabase dikes. It has been

observed also that at Copper Cliff the ore body was richer in copper when narrow, and

in nickel when wide, so that the relations to the adjoining rocks appear to have bome

influence on the distribution of the two minerals.

The third and most important mineral is pentlandite, a rich ore of nickel, having

the composition (Fe, Ni) S, with a varying amount of nickel sometimes reaching 35

per cent, or more. It is not easily distinguished from the pyrrhotite in which it is

embedded in fresh ore, the main difference being its rather perfect octahedral cleavage,

but its brassy lustre on slightly weathered surfaces is characteristic. It has not bee-i
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fouuil in a number of the mines, probably because too finely disseminated ; but at

Creighton, Worthington, Evans and a few other deposits, it sometimes occurs with

'•leavages half an inch wide. As experiments carried out by several persons, including

Messrs. Browne, Judson, Dickson and Ogilvie, have proved that with fine crushing a

magnet will separate a more magnetic part with little nickel from a less magnetic

part rich in nickel, it seems probable that most if not all of the nickel is contained

in pentlandite, which is non-magnetic, and that the pure pyrrhotite would be found

to contain little or no nickel.

Iron pyrites in both its varieties is not infrequent in the ore deposits, sometimes

a.-^ distinct octahedral crj'stals enclosed in pyrrhotite, sometimes in larger quantities

with no crystal forms and belonging to the variety marcasite. In the latter case it

may contain a considerable percentage of nickel, as near the Worthington mine.

Several other compounds of sulphur and arsenic with iron and nickel occur in thle

deposits, but in such small quantities as to have no importance as ores, so that they

may be left for consideration to the chapter on the minerals of the nickel region

RELATIONS OF ORE TO ROCK

It has already been stated that the Sudbury ore deposits are all connected with :i

S'ngle sheet of eruptive rock or its offsets, but it will be well to discuss the relations

of ore to rock more in detail, since this has a very practical bearing for the prospector

and miner as well as great theoretic interest for the geologist and mining engineer.

Prospectors long ago recognized that the ore is always associated with a particular

kind of rock, diorite as it was generally called, though the work of von Foullon, Prof.

Walker and others has proved that it is norite, a variety of gabbro, in which! a

ihombic pyroxene is important. On the ordinary weathered surface of the rock so

easily attacked a sulphide as pyrrhotite practically never shows itself, being completely

oxidized to limonite, whose rusty brown color is very characteristic. In the field, there-

fore, it is the burned-looking rock covered with gossan which/ attracts attention, and

this has been so carefully sought for that every patch of it surrounding the nickel

eruptive has been taken up by prospectors. The gossan varies in thickness from -t

mere film to deposits of limonite several feet thick, and almost important enough tn

be worked as iron ores. It is only where an impervious sheet of till has covered the

flesh) rock surface that the sulphides are still found fresh, and I have observed this

only on a finely polished and striated surface at the Creighton mine, now completely

removed. Even in the few years since mining began, the older strippings and thf

waste rock have been so weathered that fresh material can no longer be seen, and

large fragments must be broken to show the unchanged sulphides.

In crossing the eruptive from the acid edge toward the basic edge little rusty

holes like "pock marks' are the first indication of ore, and they may occur half a

mile or rarely even a mile from the actual edge, with rock surfaces free from spots

between. As the basic edge is approached, in most cases the spots are closer together

cr form blotches which unite into a sheet of gossan over ore bodies at the margin cf

the eruptive and for a short distance beyond over the country rock.

Ore bodies are not found everywhere along the basic edge, though one may walk

for miles along that edge in places without an important break in the rusty banil.

There are however a few places along the circumference near Windy lake and toward

the northeast of Morgan township, in the northern range, where no gossan or only .1

few of the pock marks are found, so that the distribution of ore is' evidently verv

unequal. It will, of course, be understood that gossan does not everywhere mean an

ore deposit of workable size, though a large area of gossan has nearly always been

found to indicate an ore body worth developing.
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The most satisfactory places for the study of the relations of ore and rock an
raturaly the mines, and a number of geologists from various coutries have examined

them with this point in view, most of them agreeing that ore and norite were pan.s

of the same molten rock from which the ore segregated toward the edge; though

a few think that the ores have been deposited by hydrothermal means by replacement

oi the rock-forming minerals of the norite. The evidence in favor of the theory oi'

magmatic segregation is excellently given by Dr. Barlow in his report on the region.-*

1 he idea that ore bodies could be formed by the slow separation of the heavier

materials at the edge of a molten rock mass was elaborated by Prof. Vogt of Christiani.i

ior the nickel ores of Norway, which have similar relationships to ours; but at about

the same time Dr. Barlow expressed the same view of the Sudbury deposits, stating

in 1891 that "the ores and the associated diabase were therefore in all probability

^•multaneously introduced in a molten condition, the particles of pyritous matter

aggregating themselves together in obedience to the law of mutual attraction."'? Dr.

Adams applied Vogt's theory to the Sudbury deposits. Prof. Walker has supported

the same explanation of the relationships, and the late Prof. Stetzner of Freiberg

in Saxony in a letter to Mr. G. R. Mickle in 1892 makes l!ie following statement as

( i! these ores :

"Polishing one side of rather large pieces gives very pretty results. In the ore
from the Vermilion mine one sees plainly—much more plainly than on the surfaces of

fracture—the intergrowth of pyrrhotite, chalcopyrite and characteristic yellow lamelHe
which might be either rnillerite or polydymite. Morover on a polished surface like

this thie black rock inclusions in the sulphides show up plainly. The true nature of

these inclusions and their relation to the ore is disclosed by the sections. One seas

then that these black rock inclusions in no way are sharply divided from the sulphides
but are connected with them by quite gradual transitions. Those of the Vermilion ore
< onsist of quartz, brown mica, chlorite, hornblende and some epidote ; those of the
Murray ore of triclinic feldspar, augite, which is more or less decomposed, some brown
mica and epidote. The intergrowth with the ore is such an intimate one that I cannot
regard the black specks as fragments enclosed by the ore, but can see in them only
formations which are of the same age as the ore. Similar relations of ore and country
rock occur also in the Norwegian pyrite and in the pyrrhotite."

On the other hand there have been a few who oppose this theory, such as Posepny,

^vho thought the presence of metallic sulphides in the magma of a molten eruptive

rock an impossibility ;'8 and H. W. Hixon, manager of the Victoria mines, who appears

t' share Posepny's view.'S Dr. C. W. Dickson is one of the latest defenders of the

theory of aqueous deposition, and his summing up of the points which favor that

theory is probably the best that can be made.^o He seems however to have been

singularly unfortunate in the choice of his material for study, since he has selected

almost without exception the brecciated rock material enclosed in the ore, and judg-

ing by his photomicrographs and descriptions, has not studied the opposite phase ii

which the norite is thickly speckled with the ore particles. Descriptions of such

fpecimens will be given later under the chapter on petrography.

Dr. Dickson believes that almost all the evidence favors the work of water as the

means of deposition of the nickel ores, but in this he is almost alone among the geo-

logically trained students of the region, and is apparently opposea to the views of

Prof. Kemp in whose laboratory he studied.

My own work convinces me that the theory of magmatic separation accords best

with the facts, but that there has been some subsequent re-arrangement of the ores

by solution and re-deposition in all the ore bodies, this being much more marked in

offset deposits than in marginal ones. Many of Dr. Dickson's examples are from offset

deposits, and naturally enough for one who had but a short time for field work in

the region, he does not distinguish their characters from those of the marginal da-

posits, which point more clearly to an origin from the molten norite.

i6G. S. C, Vol. XIV. Part H, pp. 123-132.
I? Ibid. 1890-91, 128 S; also Ottawa Naturalist, 1£9I.
i8 Genesis of Ore Deposits, p. 146.
igGeol. Slid. Dist., Eng. Min. Jour., Deo. 29, 1904, p. 1022.
30 Trans. Am. Inst. Mining Engineers. Vol. XXXIV, pp. 25-65.

2M. (ill)
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Points favoring Magmatic Differentiation

Although the mode of formation of these and similar ore deposits has been widely

discussed from various sides, so that most of the arguments for and against their

igneous character have already been presented, the question is of so much interest th/it

it is desirable to cover the ground once more ; and to begin one may ask the defenders

of the hydrothermal solution theory what is the real source of sulphide ores? The
warm circulating waters must have obtained them from rocks of some kind, and at n>

very great depth, for open fissures are not possible at depths of more than a few mile=i.

We know that the sulphides of the schists underlying the nickel eruptive are only

slightly nickeliferous, and that the probable source of the ore must have been some

heated mass of eruptive rock. If the original sulphides were obtained from a hot

eruptive rook, they must have formed part of that magma, for there is no other

source possible.

It ha« been shown there is reason to believe that the sheet of nickel eruptive is a

mile and a quarter thick and that it 's covered by about two miles of sediments, o

that in the beginning its lower side, where the ores occur, must have been more than

tliree miles below the surface. What theoretical improbability is there in supposing

that the sulphides everywhere associated w-ith the norite were an original part of thj

molten magma? If the solutions were obtained from molten, or at least heated,

eruptive rock at a few miles depth, why should not such an eruptive as the nickel-

bearing sheet more than three miles down bring the sulphides with it? This should

be sufficient answer to Posepny, who believed that sulphides could not form part of

a molten rock. We know that sulphides do form parts of such rocks, and there seems

no inherent reason why from a mile and a quarter's thickness of magma sulphides

enough to make the nickel deposits should not separate out, probably helped by gravi-

tation.

The arguments for magmatic segregation in the Sudbury district may be givei

briefly as follows

:

1. The ores are everywhere associated with the norite of^ a single eruptive sheet.

No ore occurs without norite. No long stretch of the lower edge of the norite or its

dike-like offsets is entirely devoid of ore.

2. Norite and ore are mixed in every degree from rock enclosing scattered particle-!

of ore, to pyrrhotite-norite in which ore and rock are in equal amounts, and finally

to almost pure ore with a few rock-forming minerals scattered through it. This

lelationship is found at every mine. Norite spotted with ore is sometimes found in

bands a long distance from the nearest ore body and separated from the basic edsjs

by rock free from ore.

3. The adjoining rock, granite, gneiss, greenstone or graywacke, is never spotted

with ore, and separated bodies of ore are never enclosed in it, but veinlets of ore may
penetrate the country rock, and almost always blocks of it are enclosed in the ore.

The .shattering and crushing of the country rock took place when the nickel-ernptive

forced its way between the upper sediments and the lower crystalline rocks, and th'P

heavier and probably more fluid sulphides filled all the spaces thus opened. There

are often clean walls of country rock against large bodies of pure ore.

4. The freshest norite is generally close to the ore bodies and is often shotted with

ere. The best preserved hypersthenes at the Murray, Creighton and Gertrude minOT

are in sections containing sulphides and not in specimens free from sulphides at a

distance from the mines. No considerable amount of re-arrangement caused by water

could have taken place without changing so susceptible a mineral as hypersthene inl^

secondary minerals.

5. The marginal ore bodies show hardly a trace of hydrothermal or pneumatolytio

action. There are seldom any of the minerals u.sual in deposits formed by water except

very small quantities of quartz and calcite, and these are often in seams cutting the

2 Ma (hi.)
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ore and evidently of later formation. There is no banding such as one finds where

cavities are filled with minerals deposited from solution ; nor are there concentric

structures about the rock fragments enclosed in the ore.

6. The deposits are extremely uniform, as shown by Dr. Barlow, a fact hard to

account for in mines scattered along a length of 35 miles with entirely different country

locks on one side unless they have had a single source, the norite, which is as monoton-

ous as the ores themselves.

7. The largest ore bodies are where bays of the norite project into tiw) country

roct or on offsets from such funnel-like bays ; there is seldom a deposit of imporianco

along a straight margin ; and no ores are found on parts of the margin which project

inwards instead of outwards. This is intelligible if the ore settled into the hollows

under the molten sheet, but quite unaccountable if it was brought in solution from

elsewhere along the channels furnished by the contact.

While the whole of the ore belonged originally to the magma of the eruptive sheet,

some parts of it have been dissolved and re-deposited in all the mines, for instance

in fissures in diabase dikes which cut the ore bodies; and the process of re-arrangement

is more marked in offset deposits than in marginal ones. In them there are often small

quantities of quartz and carbonates probably deposited by water. Finally there are a

few deposits accompanied by little norite and containing arsenical compounds, nicolite

and gersdorUite, such as the Worthington and Vermilion mines, which may have been

iormed principally through the action of heated water circulating along fissures at

distances, sometimes miles, away from the edge of the great eruptive sheet.

TYPES OF ORE DEPOSITS

The Sudbury ore deposits have been described in various ways by different

tbservers, as veins, or stockworks, or lenses, and there are examples that suggest all

o* these forms, though none of them seems really characteristic. Vein-like deposits

with continuous well defined walls reaching for any distance are unknown, thoxigh, a

-imall outcrop of ore southwest of Copper Cliff somewhat suggests a vein. The brecciated

rock enclosed in ore and the narrow seams of ore projecting into the country rock

found at many mines^ such as the Mount Nickel and Blezard, have some of the usuil

features of a stockwork, but this arrangement of rock and ore, though more or less

present at the edge of the underlying country rock at all the mines, is not the most
prominent feature, since it often passes into solid ore with hardly any rock at the
larger mines. The term lens also is not entirely appropriate, since it implies a deposit

tEicker in the middle and narrowing in each direction, with fairly definite walls of

country rock, conditions seldom found in the nickel district. On the whole then none
ot the names mentioned seem entirely suitable, and it is hard to suggest a good general

term for the deposits.

Looking at the nickel ranges in a broad way two or three types of deposit seem
pretty distinct, as suggested in a former report of the Bureau of Mines ;=' and this

accords fairly well with Dr. Barlow's treatment of the question, since he also makes
three types, though with somewhat different definitions. =2 The types of greatest import-
ence may be spoken of as Marginal Deposits and Offset Deposits.

Marginal Deposits

The marginal deposits are found at the basic edge of the eruptive sheet along the
contact with the underlying rock, and so have to the southeast on the southern range
and to the northwest on the northern range a wall consisting of the older rocks, gneiss,

granite, greenstone or graywacke. This is generally, however, very uneven and irregular,

especially on the southern range, and often modified by faulting. On the northern ranee,

=1903, pp. 278-280. 32 G col. Bnr. Can., Vol. XIV, Part B, p. 120.
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u

a; at the Levack mines, the gneiss of the foot wall dips southeast at from 20" to 40",

and the ore follows it as an irregular sheet. On the southern range the underlying ij

locks have generally been a good deal shattered and faulted, so that there is less ii

regularity, the foot wall, if it may be so called, being rugged and much broken up

but having in the main northwestward dips of 40" to 60°. Fault planes, as at North ')

Star, may, however, provide a well marked foot wall with a steep dip of 65" to 80°/.

On the inward side toward the norite there is seldom anything which can be called 'i.

a wall, unless some faulting has occurred, and the ore deposit practically blends into i

ihe norite, work being stopped in that direction when the mixture of ore and rock

becomes too poor to exploit.

The marginal deposits then are irregular sheets of ore penetrating slightly and i

enveloping fragments of the foot wall and fading out on the hanging side into norite
j

with too little ore to be workable. They always dip inwards toward the axis of thy

syncline. They may have any thickness from a few feet of solid ore with a correspond-

ing thickness of mixed ore and rock to 250 feet of pure and mixed ore in all ; and the

length is equally variable but usually several times the thickness, in the case of the

Creighton mine reaching several hundred feet. In fact one deposit may be connected

by a fringe of ore along the edge of the norite with another a quarter or a half mile

away, as the Murray mine is connected with the Elsie. How deep the ore bodies go on th'i

incline in unknown, since the deepest workings are not beyond 172 feet (at the Blezard

n-ine), though diamond drilling proves that the Creighton ore occurs at a depth of 400

feet, and its great open pit reaches 140 feet. Theoretically there is no reason why these

ore bodies should not extend downwards indefinitely if the basin-shaped depression cf

the country rock continues, and it would be most interesting to have a few drill holes '

sunk at some distance in from the basic edge where an important deposit occurs in '

cider to test the matter.
'

The marginal deposits include the Creighton mine, which may safely be called fi

Ihe greatest nickel mine in the world, having already produced probably more thaii

500,000 tons of rich ore, and, as it is supposed from the ijesults of diamond drilling,

having millions of tons in reserve.

Offset Deposits

Offset deposits occur on dike-like projections from the basic edge of the norite,

and the type will be considered to include isolated ore bodies on small outcrops of norits

vhich represent the continuation of an offset after a short interruption, in this res-

pect differing from Dr. Barlow's classification, in which the separate ore bodies are

put in a third type. In general character the ore bodies in isolated outcrops of tht

nor'te differ hardly at all from those on the dike-like projections from the main range,

and we may safely assume that there are or were channels connecting them with it.

tither beneath the surface or above the present surface, through rocks which hav<

since been eroded away.
]

Th« offset ore bodies are as irregular in form as the marginal ones, but they do no1 ! -j

often show the one-sided arrangement forced on the others because of their positio)

I etween the overlying norite and the underlying country rock. Often they are rudel;

cylindrical or oval with an elongation in the direction of the offset, and where the offse

'<? narrow they may in places fill almost the whole width to the more or less complefci

exclusion of the norite. They are apt to occur at the end of a norite offset or wher.

there is some obstruction of the channel, and very large chimney-like masses of or

may be found in small outcrops of norite, as at Copper Cliff or Stobie.

The best known of this type of mines is the Copper Cliff, where an irregularl

oval body of ore, split in the lower part by a horse, has been followed down 1,00

feet, with an average width of 50 to 90 feet in one direction and 75 to 200 feet in th

"1
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opposite one. The cylinder dips at an angle of TTi'' toward the northeast. The

neighboring mine to the north, No. 2, has also a cylindrical shape, but its section is

much greater, about 120 by 230 feet, and its known depth only 400 feet. This ore

body is nearly vertical with a slight inclination to the west.

The Stobie mine is an example of a very irregular offset deposit, large bodies 'if

ore being loosely connected with one another at various levels. More than 400,000

tens of ore have come from it, and it is said to be far from exhausted.

In a general way, the offset deposits show the same mingling of ore and rock

rbserved in the marginal deposits, fragments of country rock of all sizes being enclosed

in ore, and intimate mixtures of ore and norite occurring on their rock dumps ; there

are however more evidences of the action of water, such as quartz and carbonates m
small amounts, and even traces of other sulphides such as galena.

There should perhaps be a third tj'pe of ore deposit defined in which little or no

cndoubted norite is found and so much evidence of pneumatolytic action that it'

formation should be considered due almost entirely to the action of water, though the

materials were derived from the norite. This division might include the Vermilion

mine and possibly also the Worthington and one or two others in the same region.

A good deal of confusion has resulted in the past from the non-recognition of the

difference in type of the two chief kinds of ore deposits, and Dr. Dickson's work,

which appeared since the distinction had been made by the Bureau of Mines, is seriously

injured by not observing it. To draw inferences from the earlier worked chimney-like

ore bodies near Copper Cliff, with their nearly vertical attitude, relatively small amount
of much altered norite, and considerable exidence of water action, and apply the

results to the marginal type of deposits in quite unjustifiable j and can only lead to

error.

THE SOUTHERN RANGE IN DETAIL

The special work done in the Sudbury district has naturally been the examination

and mapping of the nickel ranges and their associated rocks, and this has been carried

out in detail at the various nickel mines of the region, the parts of the area whish

are less important from the economic side receiving less attention. As our work

focussed mainly on the basic edge of the nickel-bearing eruptive and its offsets, the

only parts where valuable ore deposits have been found, it will be convenient to follow

Ihe basic edge of the eruptive in detail, describing the ore deposits and adjoining rocks

and referring to the results of mining operations. The acid edge of the eruptive will

also be sketched with its associations, but in a more summary way. As it has been

f< und that the width of the eruptive has an important bearing on the number and
size of ore bodies it is advisable to take up both edges of the sheet, the upper, or acid,

as well as the lower, or basic, edge in order to give a complete account of thie ranges.

Our work has proved that in reality the outcrop of the nickel-bearing sheet is con-

tinous round the whole basin, though hidden for a distance by gravel plains toward the

southeastern corner, yet the custom of the region divides the known ore deposits into

two ranges, the main or southern range and the northern range, ana it will be con-

venient to follow this usage. We shall begin at the southwest end of the boat-shapad

bssin and work northeastwards along the southern range, and afterwards take up
the northern range in a similar way. The ranges will be looked on as continuous, the

norite edge being followed the whole way, though sometimes for miles no ore bodies

are known to exist along it. The offsets will be described along with the main ranges,

so as to give the relationships in the most comprehensive way, though in many cases

the actual physical connection between the two may not be apparent on the surface.

It need hardly be said that the present nickel-bearing rocks are only a remnaflt

'if a sheet which formerly extended more widely in all directions and perhaps covered
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more than double its present area. That weathering and erosion have destroyed hun-

dreds of cubic miles of the rock and millions of tons of the ore is evident from th>s

present arrangement of things at the truncated edges of the sheet, so that we can
now examine the condition of affairs at a depth of at least two or three miles below the

crigiual surface of the country. In the beginning the basic edge of the southern range

was covered by the overlying eruptive sheet to a depth of nearly two miles, and above
this we may suppose that the sediments of the Trout lake conglomerate, Onaping tu£f,

Onwatin slate and Chelmsford sandstone, reached a thickness of two miles. It is then

the basement of the region, where much fracturing, faulting and settlement went on
during the excessively slow cooling of the molten sheet, that is at baud for study, and
many points will be more intelligible when this is borne in mind.

Sultana Nickel Mine

At the southwest end of the southfrn nickel range is the Sultana nickel mine,

reached from Worthington on the Sault branch of the Canadian Pacific Railway, by
a road about 7 miles in length. The deposit is on lots 7 and 8 in the VI concession of

Drury township, and the same lots in the I concession of Trill. The houses and office

used during the development of the property stand near the corner post between the

lots just mentioned ; and the strippings and other workings follow the foot of the hill in

a direction 10 degrees west of north for about a quarter of a mile from the corner post,

so that the actual workings are in lot 8 of Trill ; but one or two small outcrops occur

on the hillside at a distance of 9 or 10 chains south of the corner post also. Part of the

deposit is therefore in Drury, and the known extent of the ore is three-tenth.s of a mile.

It is probable that careful search would disclose ore still farther to the south along the

edge of the hill, but the bush is thick and no other hints of gossan were found.

Most of the ore to the north of the camp is along the lower flanks of the hill, but

an offset runs 9 chains to the west a little north of the corner post, and two large

strippings at this point show ore at the hill top 117 feet above the flat at the bottom.

There are three shafts, respectively 13, 19 and 22i chains to the north of the

corner post, and beyond the last shaft the hill turns off to the west, and no more ore

is to be seen. The deepest shaft is said to be down 110 or 120 feet; and there is a con-

siderable quantity of ore on the dumps. A drill hole sunk a little \o the east of the

last shaft showed 36 feet of clay and sand, then norite followed by some ore, and

finally greenstone with more or less ore. The dip of the rock surface between the shaft

and the drill hole is about 40 degrees to the east.

In general the ore in this locality seems to lie in depressions of the hill as if it had

settled into the lowest places. As the rocky hills bounding the swampy valley to the

east and west seem to be converging toward the south, it is not unlikely that ore may
bt found beneath the swamp or drift in that direction, but up to the presnt none has

been reported ; nor is it known if an offset runs southwards into Drury township.

The rocks forming the hill west of the gossan are not Laurentian, as suggested

en the old maps, but are more like Huronian, since they include green schist and
diorite, with irregular patches of what appears to be norite penetrating them and

snowing on the flank of the hill toward the low ground. Much of the hill has the

look of crush conglomerate.

The norite north of the Sultana is greatly mixed with older rocks, especially a

flesh-colored arkose, and for half a mile in that direction, if it were not for the finding

of the basic edge near the mine and the acid edge still farther north, one would be in

doubt as to the relationship. There was a great amount of crushing and faulting of

the older rocks with the eruptive toward this narrow southwest end of the boat-shaped

trough; but the thickly wooded surface prevents a very complete study of the geology.

Jnst west of the Sultana mine the boundary of the norite is hard to trace, but about

a mile to the northwest it if clearly seen again not far from a wagon road, now falleii
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into ruin and grown up with bushes, on the way to the Trillabelle or Gillespie mine,

and there appears to be a small bay of mixed Laurentian and Huronian projecting

into the eruptive to the north of the Sultana.

To the east of the hill along whose slope the Sultana ore is found a wide ewamp
stretches across the valley toward what is called the Sultana East property, where

gossan shows on a hillside facing northwest and runs round the end of the hill just

within the township of Trill, and then enters the VI concession of Drury in lot 7, run-

ning a little south of east into the next lot. The hillside dips away into a swamp to

the north, and gossan with small pits showing ore extends for about 230 yards. Be-

tween the outcrops on each side of the valley one low hill of gray norite rises above

the muskeg, but no ore has been found there. The country rock of the Sultana east

is greenstone mixed with coarse gabbro or anorthosite and a little gneissoid rock, so

Ihat it belongs to the Keewatin or Huronian. The northward slope of the hill, which

represents the foot wall of the ore, is not far from 40"^.

To the east of the Sultana the basic edge of the eruptive bends southeast, is not

accompanied by ore, and consists of medium to coarse-grained norite with granite or

gneiss to the south, a band of swamp usually separating the two lockis, and in lots 3

and 4 hiding the contact altogether.

The Chicago Mine

A mine variously called the Chicago, or Travers, or Inez, in lot 3, con. V of Drury
township, is the next point where ore has been found. It is reached by the road from

Worthington mentioned before and was formerly connected with the railway at that

point by a curious overhead tramway with only one rail, from whiich buckets were

suspended and drawn by horses.

The mine is on an offset at a distance of about a quarter of a mile from the basic

edge, Laurentian appearing between, while the ore is enclosed in a very mixed Keewatin

or Huronian rock consisting of greenstone, green schist, porphyrite and anorthosite.

The workings include a small open pit and a shaft reaching a depth of 160 feet, and
the pockets of ore do not seem to have been large, though some thousands of tons

were roasted and smelted to matte at the mine, the products being trammed ta

Worthington and shipped away.

The houses connected with the mine are placed some distance to the north of the

shaft house and smelter, near the basic edge of the eruptive, which consists of coarse

gray norite.

Acid Edge in Trill and Fairbank

The acid edge of the nickel-bearing eruptive is best studied form a succession of

small lakes which follow its margin and give good sections of its contact with the con-

glomerate and tuff. The edge runs north and south across Ross lake and an unnamed
lake half a mile to the south, then turns east to Cameron lake, and continues east to

the northwest corner of Fairbank lake. From Cameron lake to Sultana mine the

eiuptive is only two miles wide, but at Fairbank lake the width increases to four miles.

Near the unnamed lake, and also Ross lake, the boundary rises as sharp hills nearly

300 feet high, and the sedimentary rocks seem to have been much crushed and faulted,

probably because of the narrowness of this end of the basin. The basal conglomerate
is prominent with very large granite boulders, and coarse white quartzite, dark gray
cherty rock, and hardened tuff occur somewhat mixed with felsitic looking rocks. The
acid edge itself consists of fine-grained dark greenish, schistose, material which is far

from suggesting syenite or granite, but really consists mainly of micropegmatite.
The north shores of Fairbank lake are formed of the same dark green schistose

phase of the acid edge, while farther south there are dark reddish syenitic looking

recks followed by gray norite south of the lake to the Chicago riiine.
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After touching the northwest bay of Fairbank lake the acid edge first runs east-

vards and then northeast to Gordon lake, and at a peninsula toward its east end bends

southward for fully a mile, after which it turns northeast once more from about tho

middle of lot 4, con. II, in the township of Fairbank. The boundary between the acid

eruptive and the conglomerate is often very indistinct along this sharj, southward benl,

bands of rock without pebbles alternating without regularity with parts crowded with

jiebbles, the whole forming a belt a mile or more in width. The strike of the schisto o

structure, which is well marked in the acid edge as well as in the rolled out conglom-

erate, is 65'' or 70°, and not parallel to the direction of the eruptive contact, a feature

very seldom seen elsewhere in the basin. The dip of the schistosity is about 45'' to the

southeast; but the dip of the stratification, as somewhat vaguely shown by bands

crowded with pebbles and boulders, is 25° or 30^ to the N. W. It is likely tKat tha

great width of the conglomerate in this part is due to a flattening of the dip caused

hy faulting in the Archean supports of the eruptive sheet near Vermilion mine, as

will be noted later.

The Victoria Mine Region

Returning to the basic edge of the eruptive, it may be followed east from th«

Chicago mine to the boundary of Denison township, where for some distance it dis-

appears under drift materials. The most westerly ore deposit in the township is 'n

the south half of lot 11, con. V, or perhaps the north half of the same lot in the IV
concession, the boundary lines being almost impossible to follow in this township.

Ihere are two large pits and several smaller openings or strippings disclosing a goo-I

deal of mixed ore, which lies against a hill of greenstone and green schist. To the

north the low ground is largely swamp, but some coarse-textured norite occurs, Bome-

iimes crushed anil sheared into conglomerate or squeezed into schi.st.

Victoria Smelter.

i
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The schistose rock to the south has a dip of 7"" or 80° to the south, and not far

from the ore deposit there is a large quartz vein rjinning parallel to the schistose

structure. This has been mined to some extent to provide the silicious lining of con-

verters at the Victoria smelter.

The basic edge turns northeast for a mile beyond this opening, though the bouu-

ciary is mostly hidden under swamps, and then southeast to Victoria mine on lot S

in tho TV con. (if Denison, much the most important mine in the western part of the

r,oS^

G. OtfSSOft

nc<<^ Gabbro

southern nickel range. At Victoria mine a long offset starts to the south and southwe-st

including the Worthington mine, and another shorter one toward the southeast to the

Vermilion mine; but both are more or less disccntinuous, narrowing and widening or

disappearing for a time altogether, so that they are hard to follow. The basic edge
of the eruptive turns northeast for a mile beyond the Victoria mine, so that we may
consider this ore body as lying at the end of a funnel which opens into the narrow
offsets jufit mentioned. Ore deposits or gossan are found for half a mile northwest of

the mine and also for some distance to the northeast, while to the north the usual

coarse gray norite stretches for a mile or two. Several of the minor ore bodies have
been opened up by the Mond Company by small shafts or test pits, but the main work
has been done at Victoria mine itself, where the funnel narrows to its outlet.
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The country rock to the southwest and southeast consists of various greenstones,

such as diorite, hornblende porphyrite, and green schist, followed by chloritic slate

interbanded with quartzite, and all these rocks appear on the dump at the mine,

as well as fine-grained gabbro and actinolite rock probably resulting from its alteration.

There are two large open pits near the shaft house, showing the rocks just men-
tioned, but mining is now being carried on by a shaft which reaches a depth of nearly

560 feet, and the ore is known by the results of diamond drilling to continue to 750 feet

from the surface. As will be seen from the accompanying plans there are two some-

what irregular ore bodies worked from the same shaft. The arrangement of the deposits

of ore at Victoria mine is quite different from that which has been referred to at

Sultana mine, since they occur apart from the main body of norite at the beginning
of a narrow offset, so that neither wall of the ore bodies is of norite. In nickel ore

<?eposits of this kind the dip approaches the vertical, while in the other kind it may
be 45° or less, the ore resting on the Archean as a foot wall and blending upwards into

the norite. The sides of the funnel to the northwest and northeast of the mine slops

at an angle of about 4.5" into the swamp, or an artificial lake used as a water supply,
and the gossan upon them represents ore bodies arranged in the marginal way, as

contrasted with the main ore deposits at the mine, which are offset deposits.

This mine has already furnished a large amount of ore, and is far from being
worked out.
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The offset beginning at Victoria mine runs southeast for a quarter of a mile, aa '

shown by two small hills stained with gossan, and then bends southwest toward Wortli-
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iugton. It probably forks at the second hill, forming perhaps a subterranean coi?

cection with Vermilion mine to the southeast.

SnsUrly

VICTORIA MINE
Sections looking Northerly
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The Worthington Offset

The branch running southwest has been traced from the middle of lot'8, con. IV,

in Denison township, to lot 3, con. I of Drurj-, a distance of 4^ miles, and probably

extends a mile farther. The first part, as far as a swamp north of a small lake ia

lot 12, con. Ill, shows fine-grained norite more or less rusty, but with little ore; but

boyond this small ore bodies have been found at various points, such as the O'Connor
shaft, the Robinson drift, and the Totten mine, where a small shaft has been sunk.

liere a broad band of diabase cuts the offset, but the rusty norite with small pockets

of ore continues beyond and culminates in the Worthington mine, which several years

WORTHINGTON MINE
Scale

-Fe.-t

ago produced some thousands of tons of the richest nickel ore in the district. A quarter

tf a mile to the southwest is the Mitchener or Hamilton mine, and beyond this the

land of rusty norite can be followed with certainty to a small lake near the southwest

end of lot 3, con. I in Drury. On the other side of the lake rusty patches can be traced

tor some distance into the township of Lome, but no undoubted norite is seen, quartz-

ite, with some outcrops of greenstone being the rocks observed. There are patches of

ciush conglomerate along this line which may represent the fissure occupied by nickel-

iferous norite at Worthington and Victoria mines.

At the Mitchener mine the fine-grained norite is quite distinct, and is in a sense

the matrix of a crush conglomerate containing angular or rounded masses of the
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adjoining rocks, graywacke, quartzite, greenstone, etc. The norite has the character-

istic spotting with blebs of ore, and a shaft has been sunk on a small deposit 't

6(.lid ore.

The Worthington mine has not been worked for over eight years, and the geolog-

ifral relationships are not well displayed, but a small amount of rusty norite and rocks

similar to those at the Mitchener mine are found on the dump, as well as actinolite.

The norite masses are sometimes spotted with ore as in almost all nickel mines. The
minerals found at this mine include pentlandite, niccolite and gersdorffite, three rich

compounds of nickel, accounting for the high character of the ore; and the same
minerals occur with pyrrhotite and chalcopyrite at several of the small pits and shafts

to the northeast.

Tlie Vermilion Mine

The other branch of the Victoria mine offset has not been traced, but the extra-

ordinary ore deposit at Vermilion mine on lot 6, con. IV in Denison township, a mile

to the east, evidently belongs to the nickel range, and so must be connected in some way
with the rest of the deposits. This mine, with the Victoria mine, are marked out from

all the others by containing in considerable quantities free gold and sperrylite, the

arsenide of platinum. From a shaft 60 feet deep at Vermilion mine the richest ore in the

district has been extracted, but the ore bodies are only small pockets, and may not

prove of great value in spite of their high contents of nickel and copper and the gold

and platinum they contain.

The rocks enclosing the ore are varied and do not include any typical norite,

though a gray-green gabbro occurs and also rock spotted with ore. It is probable that

these unusual ores reached their present position in large part by aqueous means
rather than by the flow of molten sulphides and rock ; but the final solution of the

problem must be left till more extensive mining operations are carried on.

Certain general features of this important section of the nickel range should be

noticed before passing on. The whole width of the eruptive is four miles, which is about

the average for the southern range ; and there is an extensive bay-like recession of the

p.cid edge toward the northeast with a corresponding projection of the basic edgo

toward the southwest, ending in the long offset toward Worthington, the one apparently

in some way bound up with the other. The whole region south of the nickel range i'i

t;reatly broken up with faults which often manifest themselves as irregular belts ot

brecciation such as one finds along the Worthington offset, and this is most naturally

explained by supposing a collapse of the Archean floor beneath this part of the rangi>.

perhaps because of the unusual load of liquid rock resting on it, or because the source

of the magma was beneath it, removing its support. The main fractures resulting froni

this collapse afforded irregular channels through which the lowest layers of the magma
(including molten ore) were forced, making breccias with a cement of norite or of ore

and starting a circulation of heated water charged with mineral solutions which pene-

trated beyond the bounds of the molten rock itself. The presence of unusual ores and
of such minerals as quartz and calcite indicate the action of water in re-arranging or

ID transporting and depositing the ore bodies.

Krean Hill to Gertrude

Froiii about the middle of lot 6, con. V of Denison township the basic edge of the
norite runs nearly due east to the boundary of the township, and then northeast acro.=s

the Vermilion river to Gertrude. From the gossan northeast of Victoria mine to Krean
Hill in the south half of lot 5, con. V, a mile and a half northeast of Vermilion mine,
there is little evidence of ore along the contact except some rusty spots in the green-

stone to the south. Beside greenstone, green schist and quartzite are found along '.tie

boundary, the direction of cleavage being .50° or 55°.
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Kroan hill rises as a sharp slope of gossany hillside which has been partially strippr'l

tor a quarter of a mile, and has been opened up by a few test pits. The coarse gr<\y

torite contains quartz and mica, and is blotched with spots of gossan where blebs i-t

ore have weathered out, and the gossan increases till the surface of the rock is covered.

The adjoining rock is mainly greenstone, often as large or small blocks with ore betweeJ.

The ore is pyrrhotite of an unusually platy kind, cleaving with surfaces an inch square

A vein of quartz near the west end of Krean hill contains a little free gold, but this

is no doubt later than the ore as a whole.

Patches of gossan are seen along the edge of the norite from point to point for

half a mile cast of the main body, but no deposit of importance is found until the

township of Graham is reached, where a shaft has been sunk by Mr. AVilliam McVittie,

en lot 12, con. V. The rock south of the contact is mainly greenstone to the boundary

of Denison, but farther northeast largely granite and gneiss.

On the east side of the Vermilion swampy country intervenes for half a mile, beyond

which the boundary runs northeast to the township of Creighton, in lot 7, wherei it

bends to the east toward Gertrude. Along this stretch there is little indication of

ore, and the rock to the south is mainly gneiss or granite, with a mixture of greenstone.

Jc many places the actual contact is hidden by muskegs, but along the line between

lots 9 and 10 in Graham norite without ore meets porphyritic granitoid gneiss. The
color of the nickel-bearing norite gradually becomes darker as one advances from the

west end of the southern range, and the presence of grains of blue quartz and of scales

of biotite attracts attention, but the composition of the rock as seen in thin sections

does not vary much ; the main difference beween the extremes being the presence of

ousty particles in the feldspar giving it a deeper color.

Gertrude Mine

At a small creek on lot 5, con. I of Creighton township the first of the ore deposits

tf Gertrude mine shows itself, where a small tunnel has been run into the hill on tha

east. The norite is partly coarse and partly fine-grained, forming an irregular mixture,

and the ore lies against greenstone and penetrates fissures in the latter rock. From this

eastward more or less gossan and norite spotted with ore extends to the main workings
about on the line between lots 3 and 4 and less than a quarter of a mile north of the

boundary of Creighton. There are three shafts along the line of gossan, and various

open pits, the most important one being the most easterly, where a body of very rich

ere has been worked out. The whole extent of the gossan is about three-fifths of 'i

mile, and the most important ore body is where there is a slight southward embayment
rf the norite edge. Diamond drilling north of the open pit near the eastern shaft

discloses rich ore like that from the pit, and indicates that the foot wall dips from
67° to 55° toward the north. There are 20 feet of solid ore with 15 feet of mixed ore

.it a vertical depth of 120 feet. The pit to the south of the diamond drill holes appears
to be a separate pocket, perhaps once an upward continuation of the sheet of ore dis-

closed by the drill cores, separated by a fault.

The rocks to the south of the contact are largely the older norite merging into

greenstone, often brecciated at the edge of the ore bodies as if some crushing and
faulting had taken place there. The rocks on the dump near the open pit include

norite dotted with ore, greenstone, quartzite or graywacke, and masses of actinolite,

probably an alteration product of the norite, and some well-rounded pebbles a.id

boulders of rook are enclosed in ore. In early days the ore was mainly pyrrhotite, but
later workings show considerable chalcopyrite as well, and sometimes also pvrite,

occasionally in octahedral forms. A little quartz occurs with the ore, and seams of

quartz are found in schistose greenstone south of the contact.

To the south of Gertrude there are rather low hills of greenstone of various kin Is

for nearly a mile, penetratpd however by dikes of granite and irregular areas of

\\



1V05 The 3udbury Nickel Region 33

granitoid gneiss. The latter reck increases in amount southwards, until the pro-

f ortions are reversed, and the rocks may be described as granitoid gneiss with many
large and small inclusions of the various greenstones. The gneiss is evidently the latei

lock of the two.

Just east of the line between lots 2 and 3 the edge of the norite turns north and

then curves east and southeast toward a email lake at the west end of the Creighton

ore body. Where the northward bend takes place there is a small offset to the south,

on which some ore has been disclosed by stripping, but along the bend to the norta

little gossan and no ore has been seen. The rock projecting northwards here is mainly

the fine-grained phase of norite, often referred to as "older norite," and greenstone,

probably resulting from it.s re-arrangcment. but there is also some granite and probably

re-crystallized arkose At one point in lot 2 a vein of rusty '(uartz has been prospected

hj Mr. McVittie, who finds the ore to contain $4.50 in gold per ton.

The Creighton Mine

The most important nickel mine in the district, and one may safely say also iii

the world, is the Creighton ; and it will be desirable to consider m some detail tho

character of the ore body and its relationship to the enclosing rocks. From the map
it will be seen that the Creighton mine is not in Creighton township, but near Ch.,-

middle of lot 10, con. I of Snider, though the ridge of gossan-covered norite just to

the north of the mine runs southwestward into lot 1 of Creighton. The position of the

mine with reference to the margin of the eruptive is of particular interest, since it

probably accounts for the unusual size of the ore body. The present great open pit

is at the southeastern corner of the largest and deepest bay of the ncrite along the

southern range, and the width of the eruptive is here at its greatest, 4| miles. He-e
also we have the greatest width of the whole basin, as measured from Creighton to

the Levack mine. This bay of the norite lies between the two great southern offsets

ut Victoria mine and Copper Cliff, but nearer to the larger one at Copper Cliff. We
may suppose that the greatest amount of the fluid ore accumulated beneath the

f;reatest thickness of overlying magma and was caught in the extreme end of the bay,

which had no funnel-shaped outlet along a plane of faulting to allow the ore to escape

and push up as separate ore bodies along an offset, as we find in the two cases men-
tioned. The theory given here is practically the view adopted years ago by some o''

the best prospectors of the region, though they contented themselves with the obse;'-

vation that one is most likely to find a good body where the "diorite" makes these

bay-like projections.

The norite to the north of the mine is of the usual kind, coarse, dark gray, and
containing blebs of quartz and flakes of biotite ; but in many places it is more or less

mixed with strips of greenstone squeezed into schist, or masses of what appears to b

diorite; and near the contact granite, porphyritic granitoid gneiss, and arkose are
enclosed also. Even hundreds of yards to the north some pitting of the surface is

nntioed. due to the weathering; out of spots of ore, and this increases till the edae of

the ridge facing southeast is reached, where much of the norite and the included
blocks of other rocks is covered with gossan. This is not, however, uniform, but runs
in short bands parallel to the edge of the hill, one band ending and another one
leginning a little above or below, suggesting a corresponding banding of the blebs
ot ore in the rock. At the base of the hill is a narrow strip of swamp, ending toward
the east in a small lake, and the large pit is between the two. Evidently the boggy
ijepression represents ore which h<as been weathered and removed.

The rock to the southeast is coarse flesh-colored granitoid gneiss, often porphyritic,
containing occasionally masses of greenstone and cut by finer grained syenite or gneiss.

These rocks just beyond the open pit and the swampy strip which represents the
westward continuation of the ore rise little above the flat, but one or two hundred

•S M. (Ill)
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yards beyond form steep and rugged hills much higher than the norite ridge to the
northwest. The hill behind the village shows an extraordinary mixture of rocks, coarse

forphyritic granite, well banded gneiss, hornblende schist, hornblende porphyrite and
a medium-grained gray eruptive, the whole cut by faults which sometimes formed
crush conglomerate or breccia containing several kinds of boulders.

Creighton .Mine, open pit, first level, August, 1904.

The great open pit of the Creighton mine affords the best opportunity for study-

ing the intimate relations of ore and rock to be found in the region. The original

pit was 60 feet deep and almost in solid ore, but as it was enlarged to the northeast,

northwest and southeast more rock was encountered, as the ore body dipped northwest

beneath a mixture of norite and ore. To the southeast is the irregular wall of coarse

granitoid gneiss, which bends sharply in a direction a little west of north. During

the past year a second level has been opened 80 feet below the first on the dip of th«

shaft, which is 60", and toward the end of the summer a beginning was made at opening

up the whole pit to that depth.

The open pit shows three main types of rock, the oldest, granitoid gneiss, with

a very uneven surface forming a rectangular enclosure for the ore body, next in age

norite mixed in all gradations with pyrrhotite and chalcopyrite, and finally diabase

dikes often very porphyritic, penetrating in various directions gneiss, ore and norite

impartially. All of the rocks mentioned have undergone more or less faulting and

crushing, and fragments of the two older rocks are often enclosed in ore as a sort of

breccia, but not of the diabase, though the latter also has been fractured in places

and faulted in a small way producing slickensided surfaces. The dikes have a fine-

grained or compact selvage against norite and gneiss, and an almost glassy selvage

against ore, showing that the ore was cold when the dikes were formed, and beiag

a good conductor chilled the surface sooner than the rocks. The ore mixes in such

a way with the norite that the conclusion cannot be avoided that the two materials

:i Ma (iTi)



1905 The Sudbury Nickel Region 35

existed in a state of fusion together. From norite with disseminated specks of ore

»,11 transitions are met to ore containing tiny scattered crystals of feldspar, or less

often the dark minerals ; and thin sections prove that the rock-forming minerals aro

exceedingly fresh, even the hypersthene, which readily suffers change and is completely

altered to secondary hornblende in the norite north of the mine. The mixture cannot
then be the result of replacement of rock minerals by ore through the action of water.

On the other hand the ore is never intimately mixed with the granitoid gneiss,

though it may penetrate it a little way as irregular seams, nor is it found in the

diabase dikes, except as thin films between slickensided surfaces. That the ore was
there in the beginning, arriving as an ingredient of the norite is very clear, but
since then certain changes have taken place on a small scale by circulating waters.

Part of the faulting shown by the older rocks may be later in date than the cooling
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and consolidation of the ore, the latter, as the softer material, adjusting itself be-

tween the blocks. This may account for the curious "horse" of granitoid gneiss at

the northeast side of the pit, which seems to have slipped down into the ore, thoiigh

it might be equally well explained as slipping down into the pasty mixture of half

cooled norite and ore before the final consolidation.

From the faulting and irregularity of the contact of the ore with the granitoid

gneiss, it is rather hard to determine the original dip of the Archean surface over which
the nickel-bearing norite spread, but drill holes to the northwest and west show that

the floor dips in the main about 40° to the northwest. How far the great sheet of ore

extends beneath the norite in that direction in unknown, though the results of drilling

prove the existence of millions of tons. Up to the present the mine has produced
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about half a million tons of ore, and for some months of the past year averaged

18,000 tons; so that it is clearly one of the world's great mines. As the ore averages 5

per cent, of nickel and 2 of eoppor. the great value of the mine is eipparent.

North Star Mine

The boundary between the norite and the Archean runs for half a mile a little

west of north from the Creighton mine, then turns north and finally northwest to

the North Star mine in lot 9, con. Ill of Snider township. Much of the country is

low and swampy and the comparatively few outcrops of rock rise but little above tho

general level. The rock to the east and southeast of the norite is commonly coarse

granite or syenite, flesh red to gray in color, and often porphyritic and gnei.ssoid; bur.

patches of greenstone occur also. Comparatively little gossan is seen at the norite

edge, though there are frequently rusty blotches. Near the North Star mine there

is rather more of the greenstone than iisual, including a small area of "older norite'*

I'ke that found near Gertrude and Creighton.

North Star, open pit.

The mine has hitherto been worked as a narrow open pit, but in the summer of

1904 a shaft was sunk to a depth of 170 feet, and lower levels are being opened. The

dip of the ore body as seen in the open pit and shaft is unusually high 75^ or 80°

toward the northwest, and the foot wall is clean cut and slickensided, probably a fault

plane. Oapt. Corliss reports that on the hanging wall the ore fades out irregularly

into the norite until finally there is only norite flecked with ore. Some curious well-
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rounded boulders, as well as angular blocks of granite and greenstone, are enclosed in

the ore, and a little quartz occurs as small seams in the ore near the foot wall. At

one point a horse of granite runs diagonally across the ore.

The attitude of the Archean surface wliere unauected by faulting is not evident

at the Xortk Star mine, and in this respecc it presenis a^i extreme example of what

has already been noted at the Gertrude and Creighton mines, where faulting, crushing

and slickensiding are marked features. The ore from the North Star, when free frooi

rock matter, is richer than the average or the southern nickel range; so that the

great Creighton mine with its unusually rich ore is tianKed lo east and west by smaller

deposits, the North Star and Gertrude, having ore of a similar grade, the smaller

deposits occupying only slight embayments of the norite edge, while the great ore

body was accumulated at a deep depression oi the norite into the Archean substratum.

From the North Star the line of contact of the norite continues for a mile nort"h-

eastwards and then bends more to the east, but no ore deposits of importance occur

until the Tarn O'Shanter is reached at the nor.hwesc torntr oi lot o, con. Ill of

Snider township.

The norite edge to the northeast follows close along the railway track, and is of

the usual kind, though somewhat sheared and schistose in places. Except for rusty

spots there is little evidence of ore. The country in this direction becomes more
hilly than near the North Star, the granitoid gneiss rising rather sharply in many
places from the fiat country occupied by the norite.

Acid Edge in Creighton

The acid edge of the nickel-bearing eruptive to the northwest of the mines just

described is best reached by V^ermilion river and a chain of small lakes including lako

Emma, Moore lake and Whitewater lake, with Levy creek which connects them. The
canoe route is seldom more than a quarter of a mile from the contact and each of the

lakes lies upon the contact, giving opportunities to observe it.

The wide and vaguely bounded conglomerate south of Gordon lake has already

been referred to as running south from that lake and then -turning northeast toward
the mouth of Levy creek, much of the region toward Vermilion river being cover-id

with drift or muskegs so that outcrops of the actual contact are infrequent. T'i3

conglomerate on hilLs west of the drift-covered shore of the river is schistose with a

strike of 45* and a dip of schistosity of 50" to the southeast ; but the strike and dip

of the sedimentation is probably entirely different, like that observed south of Gordon
lake.

On both shores of Vermilion river near the mouth of Levy creek there is a some-

what narrow bank of clay rising about ten feet, followed inland by swampy land; and
the contact of the acid edge with the conglomerate is first seen a quarter of a mil^

south of Levy creek, and about an eighth of a mile inland toward the west. A mile

inland the edge is schistose, having a strike of 70*^, and the schistose conglomerato

has the same width with a dip of 50° to the southeast.

The characteristic tuffs are not found for more than a mile to the northwest at

some distance inland from the river, where a steep hill of slaty tuff rises from drift

and swampy ground. The tuff at this point contains numerous small pebbles of water-

norn materials, and the cleavage strikes 60° and dips 45'' to the southeast.

On the east side of the Vermilion the rock cropping out just to the south of Le\y
creek is schist conglomerate, and this extends southeast for a quarter of a mile where
at a small lake schistose rock without pebbles forms the acid edge. At the rapid not

far above the mouth of Levy creek the rocks exposed are hardened tuff, with a dike

o^ fine-grained granite or felsite, but the stretch between this and thte schist conglom-

erate is covered.
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Levy creek between the Vermilion river and Emma lake flows between low clay

banks with a few exposures of tuff rising little above the water's edge, and excursions

inland show the acid edge at about a quarter of a mile to the south. On Emma Iak'3

the boundary crosses the southern bay where it joins the main water and runs east-

ward from the point of entry of the creek. The boundary is indistinct, as in most
ether parts of this region, since the conglomerate has been greatly metamorphosed;
rnd the acid edge of the eruptive is squeezed into gray green schist much like some
parts of the schistose matrix of the conglomerate. From Emma lake to Moore lake

the contact lies in swampy ground a little south of the creek, and then crosses the

southeast corner of the latter lake toward the western bay of Whitewater lake, the

rocks and their relationships being similar to those already described.

Whitewater lake, which is two miles long and in places a mile broad, hides the

boundary between the eruptive and the sedimentary rocks for the whole distance, and

Roast heaps, Copper Cliff.

a broad low plain of clay en its northeast side prevents its demarcation with certainty

in that direction for a mile to the north. The north shore and the islands which fringe

it consist either of the basal conglomerate in a very schistose form, or in the deeper

bays of tufi ; while the south and east shores are of the acid phase of the nickel-bearing

eruptive. Toward the west end of Whitewater lake both shores rise as steep hills to

the height of 100 feet or more, unlike the low country along Levy creek, and beyond

the hills of tuff to the north there is farming country.

On the north shore of the lake toward the west end a band of gray quartz porphyry

cuts the tuff and might easily be mistaken for the acid phase of the nickel-eruptive

but for its cutting rocks some distance north of the basal conglomerate. It may be

a dike from the acid edge, though the lake prevents one from following it in that

direction so as to make certain, and no other dike-like projections are known to ex-

tend so far from the edge as this.
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The Trout lake conglomerate on the islands and peninsulas of the north side of

Whitewater lake is usually schistose, and all the softer boulders and pebbles ar-^

greatly flattened, resembling the Michipicoten conglomerates of the Huronian. The
strike of the schistosity varies from 45" or 50° to 70° and the cleavage dips about 45°

tc the southeast. The boulders enclosed in the conglomerate are of considerable

variety, including granite, quartzite, a brownish sandy looking rock, green schist an 1

ictinolite, the granite being the commonest rock and forming large boulders not mucb
deformed. The matrix, which is sometimes almost free from pebbles, is gray or green

"chist merging into a rock like gneiss.

West Smelter, Copper Cliff.

Bays on the north shore give all transitions from the schist conglomerate to a
much less altered rock which probably should be classed with the Onapiug tuff, though
often half the materials of which it is composed are ordinary sediments, including

pebbles of the same rocks as in the coarse conglomerate. About a quarter of a mile

north of the shore a ridge of characteristic tuff composed mainly of angular volcanic

materials represents the completion of the transition.

Toward the northeast end of the lake there are hills of gray gneissoid rock, evi-

dently belonging to the acid edge, and similar rocks are foun3 a mile to the north, on
the railway west of Azilda station, though the intervening ground is clay; so that the
contact changes its direction from N. 65° to nearly due north somewhere beneath the
lake. The hill rising from the flat plain of clay west of the station consists of a very
schistose rock which has hitherto been mapped as Huronian. but our detailed stuay
makes it practically certain that it belongs to the nickel eruptive, since it has th'3

micropegmatitic structure, and to the north is in continuity with less changed portions

ol the acid edge.

On the west side of the hill schist conglomerate occurs having a schistose strike

of N. 15° and an apparent dip of 15° to the east ; but at points to the north and
northeast on neighboring hills the strike varies to N. 25° or 30° and begins to bend
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lastward once more. Along the road running north from the east end of Azilda a

schistose variety of the acid eruptive continues for about a mile, after which the tutt

crops out beyond a drift-covered surface.

Copper Cliff Offset

After running for a mile northeast from the Tarn O'Shanter, the basic edge ol

the nickel eruptive turns nearly north for a qiiarter of a mile and then northeast

toward the northern end of the line between lots 3 and 4, con. IV of Snider township

i t then turns sharply southeast toward the Lady Violet and other mines leading to-

wards the Copper Cliff offset. The northward bend of the contact points toward the

southeast bay of Whitewater lake where the acid edge has just been shown to change

its direction, so that at this point the nickel range is only about 2J miles wide, the

least width found along the southern range, except near Whitson lake some miles to

the east; but immediately beyond this narrowing the range widens once more to almost

its maximum.

Along this northward bend there are few traces of ore or even of rusty norite.

The rock is coarse-textured but grows finer grained toward the edge, where it is i

po"8d deal mixed with the country rock, coarse porphyritic granite, often gneissoid ii.

structure. That the norite is the later rock is shown bj' its having carried off frag-

ments of granite. The granitoid gneiss forms a group of steep hills in the re-entranl:

angle of the basic edge, but at the very edge the norite occasionally forms the top of

1 hill with the gneiss or granite dipping under it. The relations are well shown on

a small lake just south of the Manitoulin and North Shore railway between lots 2

r.nd 3, con. IV, of Snider. From this pond the basic edge runs southeast to Clara

Bell lake, forming the margin of the upper end of the Copper Cliff offset.

The basic edge to the east of the offset runs from Elsie mine, which will be men-

tioned later, southwest near the edge of Pump lake to Lady Violet mine, about half

a mile north of Clara Bell lake on the line between lots 1 and 2. At the Lady Violet

mine the boundary swerves nearly west for about one-fifth of a mile, and then turns

south and finally southeast, parallel to the basic edge referred to above. The offs t

in its upper portion, northwest of Clara Bell lake, is from 500 to 600 feet broad; and
represents the outlet of a bay of norite almost as wide and deep as that of Creighton

mine, though more regularly shaped.

The norite of central parts of the offset is like the main body of the rock, bu";

along the edge toward Clara Bell lake where it comes into vertical contact with rath r

coarse granite, it becomes finer grained and occasionally picks up fragments of thi3

adjoining rock, and may also ccntain pebble-like fragments or plates of a very fine-

grained older norite. The southwestern margin of the offset shows few traces of ore

hut the northeastern side is commonly rusty and at the Lady Violet and Clara Bell mines

enclosed small bodies of ore which were worked for a time in the early days of the

Canadian Copper Company. The Lady Violet shows rather coarse norite with a':

irregular rusty edge against greenstone; and conditions are similar at the Clara Bell,

where a gossan-covered hill consisting mainly of greenstone marks the boundary. O'l

the dump at the latter mine, which is now dismantled, one finds beside norite, chJorit' •

I'nd hornblende schists and a number of minerals in addition to the usual pyrrhot'te

and chalcopyrite, such as quartz, calcite, dolomite, and actinolite m blades severs!

inches long, indicating secondary water action. During mining operations a pocket of

about five tons of magnetite was found completely enclosed in the sulphides.

After reaching Clara Bell lake the offset expands to a width of nearly half a mile

with a projection to the northeast and another to the east. The rocks to the west and

south are porphyritic granitoid gneiss, formerly considered to be Laurentian. while

on the northeast various greenstones, diorite, hornblende porphyrite, hornblende schist

etc., rise as hills, the norite occupying in the main lower ground between the greenstone
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.iiid the gneiss. The norite is somewhat patch}', containing finer-grained parts, ofte:i

angular, and sometimes also fragments of greentsone or green schist. Clara Bell lake

has been dammed at its outlet and now covers much of the low ground, hiding the

norite contact at some points.

On the eastern edge of the northern tongue an ore deposit of considerable magn'-

tude was opened up years ago at No. 4 mine and the great open pits partly filled with

water suggest a large but very irregular segregation of the sulphides.

At the eastern corner the projection of norite touches Lad}" Macdonald lake, aai

close to the shore is Lady Macdonald, or No. 5, mine, the first of the series of mines

t be worked, now closed down like the others. An open pit near the lake is at th.»

margin of the norite against mixed greenstones and not far from the granitoid gneiss,

which is greatly mixed with it as a crush breccia. On the dump there are pegmatitt;,

hoinlil, nde schist, hornblende porphyrite and a little re-crystallized arkose, as well as

norite. A few scales of graphite were found in one mass of gneissoid rock. It is

probable that a dike of pegmatite cuts the norite and ore at this mine, but the ex-

posure is too poor to make this quite certain.

No. 2 Mine

Lady Macdonald lake, like Clara Bell, has been dammed to afford a water supply,

and cuts ofl^ the broad expansion of norite containing the mines just mentioned from

a narrow extension southeast to No. 2 mine. An island in the northern part of the

lake consists mainly of granite but at its eastern end shows a gossan-covered patch

oi norite, and at the end of a bay on the east shore of the lake a band of norite fro'u

100 to 180 feet wide runs for about one-third of a mile and is then lost to sighc

beneath a clay deposit. About 350 feet farther to the southeast there rises the small

strip of norite in which the mine is sunk.

The norite band just outlined is of finer grain than the main range and is spotted

with little rusty cavities from which ore has been weathered where it not quite covered

with gossan. It begins between granitoid gneiss, to the southwest, and a greenstone

hill including long strips and masses of well stratified graywacke to the northeast, but

presently passes entirely into the gneiss. The southeast end near the mine is once

more between greenstone and granite ; and it appears that the contact between the two

rocks was a line of weakness, probably also of faulting, permitting the molten norite

and ore to flow in this direction. The granitoid gneiss is younger than the greenstone,

enclosing bits of it, and both rocks are cut by minor fault lines and often squeezed

into breccias. In the gneiss the breccia blocks are variously oriented and cemented

by similar materials crushed fine.

The dike-like band of norite grows finer grained at the edges, and is evidently

later than the two rocks mentioned, but a dike 8 or 10 feet wide of non-porphyritic,

rather fine-grained, granite, quite different from the gneiss, runs through it for some
distance.

All along this norite offset there is more or less ore which has been opened up by

Rmall pits or shafts; but the only important ore body disclosed is No. 2, at the south-

oast end of the band near the point where it is apparently cut off b.v the older rocki,

the relations being somewhat obscured by drift. The ore was present here in such

volume that almost the whole width of the band consisted of sulphides, with an irreg-

ular margin of fine-grained norite against the granite walls, and with a large flange

of norite projecting into the ore from the western wall.

Thle great open pit is about 230 feet long from northwest to southeast and half

as wide, and it has a depth of 278 feet, while loiver levels and diamond drill cores

prove that it continues to a depth of at least 402 feet. The irregular column of ore

stands not far from vertical, but inclines slightly to the west, and at the third level

or pit florr it has diameters cf 220 feet from north to south :ind 100 feet from east to

nest.
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The Copper Cliff Mine

A valley filled with sand and clay extends for a third of a mile to th* south rf

No. 2 with no indication of a continuation of the offset except a little outcrop of norite •

near a stream crossing the main street of the town. A short distance south of this i
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and quite to the westward of the normal continuation of the offset rises the gossar

hill of the famous Copper Cliff, next to the Creighton the most important mine of th<
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region and containing still richer ore. This was one of the earliest mines worked,

having been located for its copper ore before its value as a nickel mine was known.

The rusty norite hill is surrounded on three sides by istratified clay, but toward

the east lies against graywacke and flesh-colored arkose, the latter largely re-crystal-

lized and formerly regarded as felsite or syenite. The arkose is cut by two granite

dikes, one at the edge of the norite, and the latter rock is cut by two small dikes of

diabase. The rusty hill is nearly 600 feet long and 200 wide.

The large rock dump at the mine contains a variety of materials, the most common
being rather fine-grained norite with a little quartz, commonly called diorite, but there

seem to be all gradations from this to a pale gray diorite merging into red granite.

The norite has coarse varieties with some biotite and also hornblende crystals, and

sometimes pegmatitic parts with large gray feldspar crystals, generally striated, almost

to the exclusion of other minerals . There are also felsitic looking rocks, gray to red,

arkoses as shown by thin scetions. Finally there are numerous blocks of diabase,

evidently from dikes, occasionally the whole width being shown in the blocks, the

margin being finer-grained than the centre. The diabase is not porphyritic as at the

Creighton mine. The norit« mentioned may be found more or less charged with, sul-

phides, and there are brecciated masses of rock cemented with sulphides. Among
minerals, in addition to those belonging to the ore and rocks, there are calcite, quartz,

and small amounts of galena.

A dike of diabase is said to have been followed down from the third level to the

thirteenth, part of the dike matter containing ore, and having a margin of calcite

on one side and of quartz with some ore on the other. The largest dike encountered

is said to be very fine-grained and black, and to be twenty-five feet wide. Coras from

diamond drill holes below the thirteenth level show, in addition to ore and the usual

locks, diabase dikes and a dike of medium-grained biotite granite.

As shown by the sections given, prepared from the plans of the levels in the mine
with aid from Captain Lawson, who has charge of the underground workings, the

ore body is roughly cylindrical, narrowing and widening several times and broken by

a large horse of barren rock, beginning between the ninth and tenth levels. Many
tianks are due to the mine authorities, and especially to Captain Lawson, for this

instructive section of the deepest mine in Ontario, a mine that has reached a depth

of 937 feet.

f
One curious feature of the later development of the mine is the finding of an

odorless gas which may be lit with a candle in drill holes through ore at the thirteenth

level.

The chimney-like ore body has a width, of from 50 to 90 feet in the section through

the shaft, which is inclined about 77-JP toward the northeast, and from 7.5 to more than

200 feet in the section at right angles to it.

In the Copper Cliff, as in No. 2, the amount of ore seems greatly disproportionate

:o the size of the band of norite with which it is connected, and a certain quantity

of the ore, being associated with quartz and calcite, must be of later deposition than

the ore enclosed in the norite. The fact that two slips are rather marked features

it the mine may indicate fractures and fissures in which water currents could circulate,

md deposit there materials dissolved out of previous ore masses belonging to the

riginal consolidation after the norite reached its present position.

It is stated that when the ore body in the Copper Cliff is narrow it is richer in

opper, and when it widens it becomes richer in nickel.

About 700 yards southwest of the Copper Cliff a small band of gossan-covered

lorite rises cut of a swamp and runs southward towards the old Orford refinery. The
J lorite associated with the ore has the customary pitted surface where spots of pyrrho-

ite have weathered out, and runs with interruptions beween well-stratified graywacke
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and a steep hill of pink felsitic looking arkose. Several pits have been opened up^m

the band, including No. 1, near the water tank of the refinery, from which some thou-

sands of tons of rich ore were taken, but all are now filled with water so th.it ni)t

much more than the surface can be seen. The amount of norite as compared with or"

seems to be reduced to a minimum, or even to vanish altogether in a confused inter-

mingling of blocks of graywacke with thin seams of the eruptive.

At the most southerly large open pit hornblende porphyrite shows itself in con-

siderable amounts, and the true norite or gabbro can scarcely be discovered at all

It is as though almost only ore, out of the original mixture of ore and ncrite, had been

fcTced into this narrow fissure. At the widest the band scarcely goes beyond 50 feet, and

in the long extension toward the former Orfcrd club house it narrows down to eight or

ten feet. Several dikes of diabase cut the hill of arkose and approach the open pits,

one or two of them actually crossing the norite band, but it is doubtful whether they

have had any effect on the ore bodies.

The Evans Mine

After an interval of about two-thirds of a mile of swamp and clay flats with no

solid rock but a few low mounds of graywacke, the small gossan hill of the Evans

mine rises gently above th<e clay, but is now mainly covered by the rock house anJ

reck dumps, except at the two open pits filled with water. There is little to be learned

at presert from the surface outcrops, though the large rock dump shows a considerabl.-

variety of types, including gabbro, diabase (probably fi<om dikes), graywacke and

va,rious products of weathering, such as actinolit^ rock. Much slickensiding was

noticed on the blocks of rock.

The mine was worked by open pita to a depth of about 160 feet, and below this

by levels to the depth, in all of about 2.50 feet.

The question as to whether the Evans outcrop should be connected with the narrow

band of ore-bearing gabbro two-thirds of a mile to the north near the Orford refinery,

Gi with the ridge of gabbro rising only 400 yards to the southwe.st near Kelly lake

is one of considerable interest and should be briefly discussed. The connection with

he nearer gabbro area seems at first the more natural, but there are reasons for

deciding in favor of the other theory. In the first place, all the important ore deposits

in the Copper Cliff region are on what may be considered one curved belt of norito

projecting from the main range and everywhere gossan-covered, indicating the presence

of sulphides. On the other hland, the band of gabbro to the southeast of the Evaas
mine differs in character from the typical nickel-bearing norite. It resists weathering

and rises as sharp ridges of hills, while the nickel-bearing norite generally has only

low relief; it is never gossan-covered at its junction with other rocks, and only very

rfmall deposits of nickel ore have been found in it, and then only at a considerable

distance from the margin. Thie gabbro belt near Kelly lake is narrow, averaging onlv

about half a mile in width, but it connects about six miles to the northeast with a

larger mass several square miles in area, just east of Sudbury. The narrow band and

the main body rise through the sedimentary rocks in what seems a laccolithic way,

tilting the slaty graywackes up on their flanks till they are nearly vertical or even

slightly turned the other way ; and this turned-up edge of graywacke runs right on

Ketween the gabbro ridge and the Evans mine as if quite undisturbed.

Still another point has a bearing on the question. The main range uniformly
*

'°nds to the northwest into micropegmatite and granite, while the Sudbury gabbio

nth its prolongation to the southwest has no such peculiarity. The Kelly lak^

"abbro, then, is of quite different characters from the usual nickel-bearing

aving no ore bodies itself would be unlikely to send off from its flank such

' ore as the Evans mine.

-o body is connected with the band to the north, why should there
'f a mile between it and the next outcrop? This is not easy

J
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to answer, but one may suggest that connecting links are buried under the clay flats

between ; or the explanation current among prospectors may be accepted, that there

is a subterranean connection between the outcrops "capped over" at certain points.

li the latter is the case and the ore-bearing connection is not at too great a depth

there should be magnetic disturbances between two outcrops, but this has not yet been

demonstrated.

The evidence points toward a real connection of these chimneys of nickel of^

among themselves by tortuous channels which have not always reached the surface, thj

chimneys representing weak points in the overlying rock where the more fluid part

oi thte mixture of rock and ore, which would of course be the sulphides, could be forcevl

upwards, sometimes as a column more than a thousand feet in height, as at the Coppsr

Cliff. It is possible, however, that the connecting channel lay above the present level

and that the heavier ore descended where opportunity offered. Since then thie upper

canal may have been removed, along with the thousands of feet of reck which have un-

doubtedly been planed off since Archean times.

The Copper Cliff offset, though only about three and a quarter miles long, and
therefore shorter than two other offsets, at Worthington and in Foy township, is much
the most important in tlie Sudbury region, for its ore deposits have already supplied

more than 800,000 tons of rich ore.

The peculiar arrangement of the nickel range between this offset and that at

Worthington, as if a block of the Archean support 11 miles long on the acid side and
16 miles long on the basic side had slipped down, producing faults at each end through

which an outlet was afforded to the molten rock and sulphides, has already been men-
tioned ; and the greater irregularity of the Copper Cliff offset is perhaps due to th.3

variety of the rocks forming the substratum. This offset differs from the other two
in the much greater volume of sulphides distributed along it and in its greater dis-

continuity, the southern outcrops, at Copper Cliff, the former Orford smcHer, and
Plvans mine, being separated from the main offset and from one another by spaces

ol from a quarter to three-quarters of a mile.
t

Th'ere seems to be a connection between halts or obstructions in the devious chan-

nel followed by the molten material and the accumulation of sulphides, the main ore

deposits occurring at the end of a continuous band of norite as in No. 2, or in isolated

outcrops, as at the Copper- Cliff and Evans mines. Dr. Peters' comparison of these

ere bodies to a string of sausages with a long bit of string between the sausages is

very apt.

As the line of outcrop in the isolated parts does not correspond to the original

southeasterly direction of the offset it is possible that faulting h'as taken place sime
the consolidation of the pyrrhotite-norite magma, producing the discontinuity and
causing horizontal displacement toward the west, but in the large amount of minor
faulting it has not yet been proved that there are main faults of this magnitude.

Elsie Mine

Returning to the basic edge of the main range the contact can ue followed nortTi-

east from Lady Violet mine, passing to the southeast of Pump lake and then turnias^

east towards Elsie mine. The norite is of the usual kind and most of the way is in

contact with granite, partly coarsely gneissoid, having a strike of 65°, and look'ng

like Laurentian, but partly medium-grained, flesh-colored, and probably later than

the Forite. With the granitic rocks are occasional hills of "older norite" and of

greenstone near the boundary between Snider and McKim townships ; and at th'i

Elsie mine, in lot 12, con. V of the latter township, various greenstones cover a lar^e

area to the south of the contact.

Elsie mine is situated at a small embayment of the norite, which lies as a low

plain extending for a mile or more to the north with little change of level. The

4 Ma (ill)
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norite is weathering rapidly into rounded boulder-like masses partly buried in the

coarse sandy materials resulting from the decay of enclosing rock, giving clear ov;-

dence of the origin of the plain.

At its edge the norite shows rusty, pitted surfaces as usual, and these increase till

the elongated ore body is reached, where an open pit shows that the foot wall of

various greenstones slopes at an angle of about 29° to the northwest. The clean ore

has a thickness of 20 feet, but is in irregular pockets, while above it there is mixed

ere and norite, in some places for about 40 feet. There has been some slipping and

slickensiding, but the surface of the underlying rock is much more uniform than ar

ether mines, such as the Creighton.

The ore, which is less rich than in the mines to the southwest, is almost wholly

pyrrhotite and chalcopyrite, though a few seams of quartz and calcite with clay and

iron pyrites occur. The pyrites contains no nickel.

Jointage of greenstone south of Elsie mine.

To the west and north of the mine the coarse-textured norite with the usual blebs

of bluish quartz and black mica occasionally varies into patches of a much coarser

grained variety with a suggestion of concretionary structure, consisting of vague

bands which contain more hornblende toward the outer edge and more plagioclase

toward the centre, with which there is usually a considerable amount of quartz inter-

mixed. These areas vary from the size of one's hand to several square yards, and seem

Bb a whole to be distinctly more acid than the average norite.

The Elsie mine dump shows a considerable variety of rock beside the norite,

quartzite or felsitic arkose and greenstones being the commonest ; and the hill which

uses steeply to the south presents an even greater variety. At the foot near the ore

there are some bands of arkose or quartzitic rock, evidently sedimentary, mixed with

hornblende porphyrites, but higher up the hill the prevalent rock is "older norite,'"
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fine-grained and gray in color with a network of slightly raised gieen bands Oii

weathered surfaces. Thin sections prove that this rock consists of plagioclase and

hypersthene without quartz, sc that it is a more basic rock than the nickel-bearing

norite.

The older norite is mixed with or passes into, several other rocks, especially green-

stones and hornblende porphyrites, but also an amygdaloidal rock showing very pro-

nounced ''pillow structure," indicating surface lava flows. The pillows may be frora

a few inches tn four or five fee; in diameter, and consists of a paler centre. sometime~s

elder norite, with a dark margin having two or three inches of the outside thickly

sprinkled with small white amygdules.

A wide band of this mixture of greenstones extends south toward Copper Cliff,

covering several square miles.

Murray Mine

The gossan edge of the norite at Elsie continues without a break toward the north-

east to Murray mine on the north half of lot 11. This is one of the oldest and mosc
carefully studied of the mines of the region. Baron von Foullon ana Professor T. I-

Walker having worked upon it, proving that the accompanying rock, up to that time

called diorite, was really norite. For a number of years, however, the mine has not

been operated, and conditions are not now favorable for its examination.

Much of what has been said of the Elsie mine applies to the Murray mine also
;

but the band of gossan is wider here and apparently the ore body considerably larger.

Several large dikes of olivine diabase cross the norite, some of them cutting the ore

body itself, and run in the direction 125° towards Ramsey lake near Sudbury, their

course having been determined by Dr. Barlow. As the conditions of the mine are not

easily seen at present it may be well to quote a description of it from one of the

gentlemen who operated it 12 years ago.

In 1893 Captain Richards stated to the Inspector of Mines that "the ore body,

which possesses an average thickness of 70 feet, strikes in the direction northeast and
southwei^t and dips northwesterly 4.5" from the hcrizontal. This aagloiiieratcd mass

of nickeliferous pyrrhotite and diorite is contained by diorite walls. The foot wall

at certain points, as proved by mining operations, presents the appearance of a true

fissured plane upon which, at some time or other, the ore body has moved, as evidenced

by the coarse flucan or attrited matter which separates the ore from the wall. In some

places through the occurrence there exist large inclusions, horses or intrusions of

diorite containing fragments of granite." As these mines are now full of water, little

can be said of the relationships of the ore body to the adjoining rocks beyond what
is visible on the surface. The character of the norite mass has been elaborately des-

cribed by Dr. T. L. Walker, so that it is only necessary to say that it is th* ordinary

coarse-grained rock with bluish quartz. The contact of the norite with the adjoining

rock runs about northeast from the Elsie to the Murray mine, and continues in the

same direction past the latter, more or less gossan marking the boundary all the way.

The hornblende schist and porpbyrite forming the foot wall at the Elsie is largely

interrupted at the Murray mine by dikes from the southeast end of an area of red

granite later in age than the norite, which it has penetrated in the most confused way.

sometimes forming a giant breccia of norite blocks with narrow seams of granite

between, but part of the apparent granite may prove to be squeezed and modified

arkose or re-composed granite. The greenstone near the Mizrray mine is sometimeis

sheared into schist with bands of lighter and darker green, showing great dynamic
action.

On the dump of the Murray mine much of the norite is found to be filled with

sulphide granules of all sizes and in all proportions, as at most other nickel mines, the

ore being in coarse grains when the rock Ls coarse and vice versa. In addition to the
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usual country rocks on the dump there is a very coarse "malchite" consisting of green

hornblende blades sometimes six inches lona; and white plagioclase with more or less

quartz, evidently a segregation of the sort found at Elsie, but of a much coarser texture.

To the northeast of the mine the gossan-covered edge of the norite extends for

half a mile with a few small outcrops of ore exposed by stripping or test pits from

point to point. In one place a large dike of diabase has been partly stripped as if

in searching for ore, just to the east of a mass of gossan. Superficially the two rocks

are somewhat alike, though the diabase shows no quartz blebs, and is not pitted with

gossan spots. At these outcrops the gossan leans against the older rock as at Sultana

mine.

The range of later granite hills to the southeast of the Murray mine runs for some

miles parallel to the edge of the norite, and in some places encloses patches of green-

stone, etc., while it is cut by the diabase dikes mentioned above. One of the largest

dikes has weathered out leaving a vertically walled passage 1-50 feet wide through a

ridge of granite a little east of Murray mine, providing an easy grade for the old

road from Murray mine to Sudbury.

Jointage of granite west o£ ISIurray mine.

\Vhere the Canadian Pacific railway crosses the nickel range between Murray mine

and Azilda (formerly Rayside), there is an excellent section displayed, which was des-

cribed by Prof. Walker years ago, =3 but may be referred to here as one of the best

known. The whole width at this point is about four miles, so that this is one of the

broadest parts of the range, being surpassed only by the part north of Creighton.

Near the mine the norite is of varying texture and largely mixed with ore as pyrrho-

tite-norite, and except for a somewhat coarse texture there is liiltle variation for a mile

and a half to the northwest along the railway or the wagon road to Azilda. At a few

S3 Quar. Jonr. Geol. Soo., London. Vol. LIII (1897), pp. 47-54.
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points the weathered surface looks somewhat reddish toward the northwest corner of

McKim township, but fresh specimens have the usual dark color of norite. Where the road

and railway pass from McKim into Snider township and descend towards the Rayside

plain rather fine-grained granite crosses as a band about 400 feet wide but very

irregular ; and half a mile farther northwest there is a similar band. Here the erup-

tive becomes more acid in character and redder in color, while the rock rises as hills

in a pronounced way, probably because of its change in composition, since it no longer

weathers rapidly as in the low plain toward the basic edge.

Where road and railway pass into a bay of flat clay land the acid phase of the

eruptive has distinctly come in, with flesh red weathered surfaces and very rugged
forms with steep slopes or cliffs toward the valley. Beyond this the eruptive is very

schistose, resembling gneiss or felsite schist and has been mapped by the Geological

Survey as Huronian, though the finding of the basal conglomerate on a hill half a

mile northwest of Azilda station, with typical granite boulders and the usual intense

metamorphism proves that all the schistose rocks between the hill and the red cliff

previously mentioned must be included in the acid phase of the eruptive. This view

corresponds with that taken by Prof. Walker. ^4

Blezard Mine Region

From the small outcrops of ore in the southern half nf lot 10, con. VI, cf McKim
township to the Cameron mine in lot 7, con. I, of Blezard, a distance of about two
miles, the basic edge runs with minor curves toward the northeast, showing little

gossan or other evidence of ore. The norite along this portion is in contact with later

flesh-colored granite.

At the Cameron mine, where a small ore body has been developed, there is a slight

bay of the basic edge, which here turns nearly east to the Little Stobie mine near the

north end of lot 6. Along this part of the contact the relationships are largely con-

cealed under drift deposits and by woods.

At the Little Stobie an open pit discloses ore resting against green schist and
hornblende porphyrite ; and the norite shows a little to the north and also to the

southwest in a phase suggesting breccia or conglomerate, the usual rather coarse gray

rock enclosing crowded fragments of the finer grained older norite.

In lot 8, con. II, of Blezard township, about a mile northwest of the Little Stobie,

a small pocket of ore was found by dip needle work by Mr. Edison's party, and a test

pit and diamond drill holes were sunk there to explore for ore, but without success.

The drill core showed norite, weathered or fresh, to the depth of 1,030 feet, with,

however, a band of schist at about 260 feet and a considerable thickness of fine-grained

granite at 900 to 950 feet.

On the way to the camp two small outcrops of granite are found, so that here as

northwest of Murray mine dikes of granite cut the norite.

From Little Stobie the contact runs northeast to the north corner of lots 5 and

6, con. I, and then east as a small embayment to Mount Nickel mine, which has been

partially developed by two open cuts, the sinking of a shaft to a depth of 16.5 feet,

and a considerable amount of drifting at the 75-foot level. This work and two diamond
drill holes are said to prove that there is a good body of ore, dipping at about an

angle of 30'' toward the north, and the ore dump is of respectable size and quality.

The open cuts show that the ore is partly to the south of the norite in fractured and

broken greenstone, as if it had been squeezed into the fissures while molten, by pressure

from the north, thus forming a sort of breccia of rock fragments cemented by pyrrhotite

and chalcopyrite.

34 Ibid, p 53
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Blezard Mine

From the Mount Nickel mine the contact bends gently toward the northeast to

the Blezard mine in lot 4 in the second concession of the township of the same name.

Mr. Robert McBride, who was captain of the mine in 1892, states that it was opened

in 1889 and 1890 by the Dominion Jliueral Company, and shut down in 1892. At

present the surface is so covered with buildings and heaps of waste rock that verj

little can be seen of the immediate surroundings of the ore deposit, and the large pit

is of course full of water. The waste rock includes some norite and gabbro, but much
more greenstone, such as hornblende porphyntc and fine-grained hornblende schist,

as well as quartzite. The walls ot the open pit consist mainly of green schist, including

some masses of quartzite, but on the northeast side what is apparently a projection

of gabbro from the large area to the north reaches the opening. The norite to the

north is the usual coarse-grained kind with quartz and biotite, and, according to Dr.

T. L. Walker, extends to the shcre of Whitson lake where it gridu.ally chan<=;es to

gneissoid granite. The gabbro or norite band is flat and low, contrasting with the

rough ridges of greenstone and quartzite to the southeast. As the surface is so much
covered the description of the surroundings of the ore body as seen in the early days

by Dr. Bel) may be quoted

:

"The ore consists of a body of mixed chalcopyrite and nickeliferous pyrrhotite
mingled with more or less rock matter, giving the whole the appearance of a con-
glomerate. The general strike of the country rocks is here as elsewhere in the vicinity
about northeast and southwest. The ore-bearing belt, which is associated with a dark
quartz-diorite, is about 100 feet wide and dips northwest at an angle of 65^. It is

overlaid by a massive bed of ash-colored graywacke, the weathered surfaces of which
present ra^ised reticulating lines. Immediately to the northwest of the shafts there
is a dike from 30 to 50 feet wide, of dark brownish gray crystalline diabase, weathering
at the surface into rounded boulder-like masses, which scale off concentrically."

The open pit is said to be 60 feet deep, and the lower workings of the mine reach

a depth of 172 feet; but the plans of the mine appear to have been lost, eo that the

shape of the ore body cannot be definitely given. It may be mentioned that the rock

dump is unusually free from ore, showing that the separation of the ore from the

waste rock was carried out more carefully than at other mines in the region.

The Blezard is the last mine toward the northeast which has been worked on any
large scale along the basic edge of the main nickel range, though several prospects and
small workings are founej beyond this toward the east.

The road from Blezard north past Whitson lake (locally called blezard lake) gives

a good section of the nickel-bearing eruptive, which is here only two miles and a

half wide. A similar section is displayed along the shores of the lake, as described

by Prof. Walker. =;

The basic edge at Blezard mine is of the typical sort for the southern range,

consisting of dark gray norite with bluish quartz and some plates of biotite. A wide
swamp intervenes between the outcrops near Blezard mine and the hills to the north,

where rock once more appears ; and the character of the rock is still that of norite,

though coarser in texture and paler in color than at the mine. After a short interrup-

tion of pale flesh-colored, fine-grained rock, probably a mass of metamorphosed quartz-

ite, a coarse flesh-colored to gray variety of the eruptive is again encountered, either

a syenite or diorite in appearance. A sharp hill of reddish gneissoid rock rises just

beyond this, possibly a band of later granite, thoiigh it is .'heared into a distinct

gneiss. Next conies a dark flesh-colored variety of the eruptive, suggesting syenite,

but proving under the microscope to consist mainly of pegmatite with much quartz.

Coming down to lower ground near the northwest end of Whitson lake a darker gray
rock, sometimes gneissoid, represents the acid edge of the eruptive and stands in

contact with the sediments.

25 Quar. Jour. Geol. Soc. Vol. LIII. (1897), pp. 47-56.
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At the edge there is a narrow band of conglomerate containing pebbles and

boulders of quartzite, granite, and perhaps other rocks, with some green chloritic

schist, partly as matrix and partly without pebbles. There has been a good deal of

crushing along the margin of the eruptive, and the relationships are not always clear,

but the strike is about 60" with a dip of So*" to 55° to the southeast, as if the eruptive

had overturned the edge of the sediments. Beyond the contact tuffs of the usual

kind are found at various points along the road.

The Frood=Stobie Offset

The Stobie mine and its surroundings are probably best taken up in association

with the Blezard and Mt. Nickel mines, its nearest neighbors to the north, though

no surface connections are known between this important ofEset and the main nickel

range, later granite and older greenstones intervening for a width of about a mile

between the two.

The Frood-Stobie offset runs for a little less than two miles from southwest to north-

east parallel to the main range, beginning as a narrow gossan band in lot 7, con.

V, of McKim township, and ending at the Stobie mine in lot 5, con. 1, of Blezard. The

gossan is first seen about four miles northeast of Lady Macdonald mine at the upper

end of the Copper Cliff offset, with which it probably has no connection.

Beginning at the southwest the rusty surface of gabbro is first encountered about

1,100 yards from the Frood as a band indistinctly separated from the adjoining rock,

which is graywacke and schist, often containing large pseudomorphs after staurolite.

The band rises as a ridge which is generally red-brown from the gossan, but is cut off

by a narrow interruption of quartzite 600 yards southwest of the mine. The rusty

gabbro quickly rises again and widens greatly, until near the mine it reaches its

greatest width of about 200 yards. In this part it has quarzite and graywacke to

the southeast, striking 40", about the direction of the norite band itself. On the

northwest the rocks adjoining it are more varied, but the rock in immediate contact

is generally diorite. Beyond these rocks, which rise against each side of the gabbro,

there are broad swamps. To the north of the mine the gabbro bill dips down quickly

into swampy ground, and is presently cut off by quartzite and green schist. Beyond

the swamp to the northwest at about 200 yards distance a chain of granite hills runs

parallel. The granite is rather fine-grained, flesh-colored, and appears to be a part

of the later granite mass observed near the Murray mine two miles to the west.

At the Frood mine or No. 3 belonging to the Canadian Copper Company, the

gabbro rises about 90 feet above the low ground around, showing an eruptive contact

with the graywacke and quartzite on its flanks, but the hill is so covered with gossan

that boundaries are not easily fixed. The mine has been opened up by two large open

pits and a shaft, and the ore is irregular in its occurrence and greatly mixed with rock

matter, the large dump showing chiefly norite and graywacke, but also some blocks

of actinolite and talc, no doubt secondary products. Angular and rounded masses of

rock are enclosed in the ore as matrix, one pebble being of wh'te quartzite, but these

pehbles and boulders are probably the result of rolling between faulted surfaces.

This mine is on the southeast side of the widest part of the norite band, and a

small open pit to the north shows typical pyrrhotite-norite, with every mixture of the

two materials ; while rusty surfaces extend all across the band to lot 7, where another

company has done a small amount of development work on the northwest side of the

ridge. The ore here seems greatly mixed with rock. Stakes placed at regular

intervals over the ground show that a magnetic survey has been carried out. but the

results do not seem to have justified further work.

This part of the offset, with a small band of graywacke to the southeast and of

greenstone to the northwest, rises as a narrow ridge from swamps on each side and

ends a little north of Frood mine, being cut off by green schist. Beyond it a very
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narrow band of norite or of gossan-covered surface runs for more than half a mile

northeast, with a narrow strip of greenstone mixed with graywacke beside it, and a

wider band of graywacke between it and the range of granite hills referred to before

as beginning at Murray mine.
,

About half way between the Frood and Stobie mines the band of riusty norite

becomes discontinuous, and beyond this there are only patches of gossan-stained sur-

face with a little fine-grained norite entangled in graywacke conglomerate and green- '

stone; the ridge sinking into the swamp. There is much evidence of crushing and
shearing along this line, which must indicate a plane of weakness and more or less

faulting through wh'ch the norite could intermittently penetrate.

There is a gap of about 400 yards between the last undoubted outcrop of norite
i

and the gossan hill at Stobie which rises steeply with a still higher point of greenstone
|

just to the south.
i

The Stobie Mine
i

The Stobie mine was one of the earliest discovered, and has been worked more
j

extensively than any other except the Creighton, most of the ore having been taken

from great open pits, though there are also underground levels, reaching a depth of
I

about 250 feet. The ore body dips at an angle of 65" toward the west. The mine has I

been shut down since 1901, and the pits contain much water, but the main cavernous i

opening with its stopes and irregular projections gives an impressive idea of the size j

of the deposit, which is said to be far from exhausted, though more thian 400,000 i

tons have been taken from it.

The mine is at the foot of the gossan-covered hill on the east side, and the en- (

closing rocks are of various kinds, including but little norite. The hill top shows a

number of small patches of this rock with more or less ore embedded in a mixture l

of green schist, hornblende porphyrite, graywacke and crush conglomerate, as if

squeezed up through a colander from beneath ; and the whole hill, which is 330 yards c

in length from east to west and half as wide, is more or less gossan-covered, making i

the relationships difficult to determine. To the north there is swamp, to the west \

graywacke, to the south green schist and hornblende porphyrite rising still higher I

than the gossan hill, and to the east there are the great open pit, the mine buildings /

and the rock dumps, with a mixture of rocks showing between, including those pre- !

viously mentioned, and also a patch of graywacke conglomerate undoubtedly formed
\

by water, since the well-rounded pebbles are of great variety. i

The openings at the pits show mainly graywacke, hornblende porphyrite and i

grayish schists with only a minimum of rather fine-grained norite. The only other i

rock observed about the hill is a small patch of reddish granite on the south slope,
|

isolated as if part of the crush conglomerate. The large rock dumps consist chiefly 1

of graywacke, often somewhat granitic or dioritic looking, and quartzite, with a little |l

gabbro and a few blocks of chloritic or actinolitic rock. One block of diorite schist Jl

had been sheared along a number of planes which are now gilded with films of sulphide. ^
The norite on the dump is often filled with shot-like grains of ore as at so many other ti

mines in the region. J

I

The offset has not been traced farther to the northeast, though a strip of swamp il

extending towards Blezard may conceal an extension in that direction, since there is i

considerable disturbance of the compass there. Where the swamp ends outcrops of I

greenstone, etc., bar the way to a direct connection with the main range. It may be I

that the widest part of the band, near Frood mine, was at first joined to the basic i

edge before the belt of granite was erupted between them. '

It is evident that this offset differs from all the others in having no visible con-
|

nection with a funnel-like bay of the norite edge. From the map it will be seen that

tho basic edge of the eruptive along this part of its course is unusually straight with
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curves to the northwest rather than towards the offset. The basic edge parallel to

this offset contains little ore, and it seems not improbable that there was a subter-

ranean outlet for the ore, which made its way up through a line of shattering cor-

responding to the strike of the band of graywacko, which has the usual northeast-

southwest trend.

The rocks adjoining this offset are oi extraordinary variety, including both

sediments and eruptives of interest. The graywacke so often mentioned sometimes

contains well-rounded pebbles and shows cross-bedding. It merges into fine-grained

gneiss in some places, and in others is ciowded with large white pseudomoiplis after

staurolite of a very showy character. These crystals are often oriented parallel tt one

another, but at an angle with the schdetose structure, which runs about 55° to 65"

and must be of later date than the staurolites. Other parts of the graywacke contain

concretions or pebbles of quartzite from the size of a pea to that of an orange, the

larger ones usually having an eye and eyebrow arrangement, as if a crescent-shaped

shell had split off and separated itself half an inch from the oval mass in the middle.

Along with these curious rocks there are smaller bands of conglomerate crowded
with pebbles of various kinds and a few small outcrops of gray or pure white

quartzite. Bands and small be sse.*; of hornblende porphyrite penetrate these sediments,

and are generally oriented to corespond with the strike.

To the north of Stobie and separating it from the main nickel range there are

rugged hills mapped as greenstones, but really containing a singular variety of rocks,

such as the older norite merging into greenstone toward the north, and more altered

rocks toward the south, often what appears to be hornblende schist crowded with

white bean-like quartzite with sharp outlines. With those occur larger white spots

with a darker centre and even concentrically arranged orbicular forms with lighter

and darker belts having a diameter of an inch or two. Pillow structure of an indis-

tinct kind is found in places but scarcely amygdaloidal as near Elsie.

Northeastern End of Main Range

Beyond Blezard the norite contact sinks beneath the swampy border of a creek

flowing into Whitson lake, and when it reappears there are few indications of ore

until the Sheppard or Davis mine is reached in the south half of lot 1, con. Ill, of

Blezard township. It is said by Captain McBride that a shaft 180 feet deep was

sunk on this property, and that very rich ore was obtained from it, some assays run-

ning as high as 19 per cent, of nickel. The surface showing is not promising as to

amount of ore, but the sulphides include a drusy reticulated mineral which weathers

rapidly, perhaps polydymite. In the green schist a little south of the basic edge on

this property a pit has been sunk on quartz containing some copper pyrites and mar-

casite.

In lot 12 of Garson, just adjoining the Sheppard mine the edge of the norite

against green altered eruptives is schistose and contains fragments of the adjacent

rock sheared out into short narrow bands.

Within the township of Garson the basic edge runs nearly due east along the

southern side of concession III, and the width of the eruptive gradually increases

eastward from two and a third to three and a half miles at the Cryderman mine.

On the line between lots 11 and 12 greenstone is found as low hills to the south, the

north boundary being lost under swamps ; but a half mile east the contact is found a third

of a mile north of con. II, just beyond the line between 10 and 11, and some gossan

and ore occur in a pit sunk by Malbeuf and Martin. To the south of the pit there

is well-stratified graywacke rising as low hills through a surface of rolling clay on

which settlers are taking up farms. East of this no evidence of ore was seen \intil

the Kirkwood mine was reached in lot 8 : the low norite hills of pale gray color being

separated by a strip of swamp from greenstones, sometimes surface lava flows with
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amygdaloids and pillow structure. Neither rock forms hills of much height, the norite

seeming as resistant as the greenstones, an unusual circumstance probably due to the

!queezing of the norite and its re-arrangement to a somewhat schistost' liornblcndic

rock which is not easily weathered.

At the Kirkwood mine a good deal of development work has been done including the

sinking of two pits or shafts, now full of water, but fire has destroyed all the structures

connected with the mine. The shafts are on hills about 100 yards apart, the western

one seeming to be in greenstone 30 or 40 yards south of the norite, the other at the

margin of very much sheared and crushed norite of a pale gray color, with somewhat

banded greenstone to the south, the norite rising higher than the adjoining rock, which

sinks into sandy drift-covered ground occupied by a farm. The rocks to the south

are quite varied, graywacke and quartzite occurring as well as the greenstone, all

frequently crushed to a breccia or conglomerate. At one point half a mile southeast

of the mine a little patch of norite is found in the other rocks, having blebs and larger

masses of ore disseminated through it, evidently a small di.scontinuous offset.

From the Kirkwood to the Cryderman mine the actual contact of the basic edge

is hard to follow owing to drift and wooded country, but in general the norite is found

not far to the north of the Huronian, the edge being more easily weatherd than the

rocks on either side. The norite retains its sheared and altered character, and would

hardly be recognized as the nickel-eruptive but for its continuity with the more

characteristic rock to the southwest and its connection with ore bodies.

Half a mile east of the Kirkwood property the rock south of the norite is largely

a crush conglomerate of quartzite and graywacke, some bands of water-formed con-

glomerate containing pebbles having a strike of 110*^

At the Cryderman mine on the south halves of lots 4 and 5, con. Ill, of Garson

there is a larger showing of gossan than at the Kirkwood, and several pits have been

sunk, one large and the others small, while a considerable amount of stripping has

been done. The surface has been gridironed with pegs for a magnetic survey, the

results of which are not available ; and diamond drill cores lying about show that a

good deal of investigation has been devoted to the property. The pale gray, somewhat
sheared norite has a very irregular margin against greenstone and green schist, and

shows the usual spotted appearance where blebs of ore have weathered out. Part of

the norite is very fine-grained for the main range. The most important openings are

near the margin, but the most southern outcrop is in greenstone about 200 yards south

of the basic edge, evidently on a small offset.

The basic edge can be followed for a mile east of the mine with little change ex-

cept for the lack of gossan and of ore, the norite still presenting the greatly squeezed

and rolled appearance. Sand and gravel plains now begin to encroach on the boun-

dary of the nickel eruptive, so that there are some gaps in our mapping.

A very good cross section of the nickel range is afforded by the road north of

Headquarters toward the Blezard valley, the southern part of which was formerly the

grade of one branch of the Emery railway. Most of the road is over sand and gravel.

but there are numerous outcrops of rock ranging from the peculiar pale gray sheared

norite to coarse dioritic material and dark or pale flesh-red schistose rock belonging

to the acid edge.

In the township of Falconbridge, lot 7, con. IV, the basic edge turns north and
has been followed here for over a mile with gneiss containing greenstone inclusions as

the country rock. Four hundred and eighty paces east of the corner post between

lots 7 and 8, on the line between concessions IV^ and V the most easterly point of the

basic edge is reached, here gossany and lying against gneiss. Just to the south some
stripping has been done and a small shaft sunk in rock containing thinly disseminated

sulphides, principally pyrrhotite. As there is a southeasterly bay of the norite at

this point one would expect a considerable body of ore, as on similar bays along other

parts of the basic edge ; and possibly future exploration may disclose such an ore body.
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Acid Edge in Blezard and Qarson

After swinging from nearly north at Azilda to nearly east where leaving the town-

ship of Rayside, the acid edge runs in about the same direction through concession

IV of Blezard to the northwest bay of Whitson lake. Entering Blezard township the

sharp hills of the acid edge sink into swamp before the contact with the Trout lake

conglomerate, but a little to the east the meeting of the two rocks is well shown on

the hilly region southeast of the flat farm land of Blezard valley. The conglomerate

here is wide and characteristic, the edge next the eruptive being schistose and con-

taining large granite boulders; the next layer to the northwest is a conglomerate or

breccia crowded with rounded or angular pebbles of several kinds of rock ; after which

come softer tuffs with flattened pebbles sinking toward the plain. The acid edge is

no longer schistose, as near Azilda, but has the normal granitic look.

To the east the acid edge follows low ground usually, cutting two small lakes in

lots 9 and 11, and then turning a little northeast to Whitson lake, where the eruptive

is grayish and schistose, as was mentioned in describing the section of the eruptive

from Blezard mine to Whitson lake. The conglomerate is here very narrow, only a few

paces wide, and it as well as the tuff beyond it is very schistose. Similar relations are

found on the northeast side of the lake, where the contact passes about a quarter of

a mile from the outlet into Chelmsford creek. The eruptive is pale gray with a tinge

of flesh color on weathered surfaces, but darker gray on fresh ones, and is distinctly

schistose like the few feet of conglomerate next to it.

East of Whiteon lake conditions are much the same as far as the eastern side of

Blejiard township, the edge crossing into Garson township about a third of a mile south

of the VI concession in very swampy country, which continues half a mile beyond.

The acid edge turns somewhat north, entering the VI concession in lot 8, and then

east again across the middle cf the concession almost until it reaches the northeast

corner of the township. The acid edge and conglomerate with part of the tuffs form

a steep east and west range of hills with many swampy tracts to the north.

About half way across the township the eruptive rises as a cliff, reddish in color,

felsitic in texture and penetrated by many small quartz veins. On lot 4 the acid edge

is grayish and schistose with a wide band of schist conglomerate to the north, having

a strike of 125", and along the road from Blezard valley to Headquarters it rises aa

a steep hill from a gravel plain, formed of fine-grained reddish granite with a slight

schistose structure running 110°. Here there is a gap of half a mile where no rock

rises above the gravel.

Just within the southwest corner of Maclennan township there is a small outcrop

of rock at the acid edge where the old railway grade ends in a glacial kettle mostly

surrounded with sand and gravel. The acid edge here is schistose with a strike of

110° or 120°, and nest to it is the ordinary schist conglomerate, followed to the north

by a ridge of tuff. To the east of this a gravel plain and morainic ridges hide the

solid rock for a long distance; but the acid edge must turn sharply north or northeast,

since it is next found in lot 3, con. Ill, of Capreol on the northern range.

THE NORTHERN NICKEL RANGE

Introduction

The northern nickel ranges, as known to the prospector, were not continuous, but

had large breaks where no gossan or ore deposits had been found, as in Morgan town-

ship and near Windy lake; so that it reqiiired careful geological exploration to follow

up the band of nickel-bearing eruptive and fill in the gaps. This has succeeded so well

that the northern and southern ranges have been proved to connect at thje ends

without a break, unless, very improbably, there should be an interruption beneath

the sand and gravel plains of Capreol and Maclennan, where direct evidence is lacking

for two or three miles.
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The basic edge of the nickel eruptive has, of course, been followed with special care

because of its economic importance as thie bearer of ore deposits, but the acid edge

has been studied in some detail also, since the width of the eruptive has been found

to have an important bearing en the probable occurrence of ore bodies, a very narrow

part of the range seldom showing any gossan and never ore bodies of workable size,

while very wide parts are almost invariably accompanied by ore deposits of importance.

In the older maps the northern nickel range was represented as forking about the

middle of Bowell township, one band running west to the middle of Foy and thje other

southwest toward Morgan township. Which of these norite bands formed the basic

edge of the range was uncertain until our work proved that the southwestern one

joins the range already known in Levack township.

The northern range as here described will be considered to include everything north

of the Sultana mine in Trill at the west end, and of Falconbridge at the east end
of the eruptive basin

; and the work will be taken up at the western end, following

the range eastwards. The northern range as thus defined has an irregular northward

curve, its basic edge is .54 miles long ; while the basic edge of thle southern range is

only 40 miles long, the doubtful part where the gravel plains cover the rock being

omitted from both. The relative importance of the two ranges is however Very different,

since the northern range is on the average much narrower than the southern one.

The Nickel Range in Trill

Rounding the bend made by the basic edge of the nickel-bearing eruptive less

than a mile west of Sultana mine the actual contact is lost under swampy tracts,

though the acid edge is well defined to the northeast, and the Laurentian with some
patches of greenstone occurs to the southwest and west. An old wagon road whose

corduroy is almost rotted away follows the edge somewhat closely, having been made
by prospectors who did some development work years ago on locations taken up to

the north.

Trillabelle Mine

In the third concession on the line between lots 10 and 11 of Trill there is a fairly

well beaten trail or portage running east and west connecting with a canoe route east-

wards to Fairbank and Vermilion lakes; and here just to the west of the old wagon
road granite of a Laurentian aspect rises as a rocky hill above the swamp so usual

at the basic edge of the nickel-bearing eruptive. Next to this, going north, is a dark-

green rock containing some boulders, evidently a Huronian conglomerate or breccia,

and against it ore is to be seen. Half a mile farther north th« wagon road ends at

the mine called by our guide the Gillespie, but in the Bureau of Mines report the

Trillabelle, where a considerable amount of work was done many years ago.

Here and 170 paces beyond are a few foundations of stone, remains of a hoisting

plant and various log houses ; and ore or gossan against the hill which rises to the

west. The rock observed is mainly greenstone with; boulders suggesting a crush con-

glomerate, though a gray fine-grained rock near the northern pits may be norite. The
dip of the rock face against which the ore lies at the points previously mentioned
is from 35° to 45° to the east.

Half a mile north morainic hills conceal the bed rock and the next outcrop ob-

served is probably the basic eruptive edge, the rocks higher up the hill to the west
being bouldery greenstones like those mentioned before.

For a distance of 550 paces east of the line between lots 10 and 11 and near the

middle of the fourth concession the rocks observed are a somewhat i e-crystallized

arkose, evidently Huronian, and beyond this only bouldery drift is seen for 200 paces,

probably covering the basic edge of the nickel-bearing eruptive, which here risee from
under the drift.
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To the north of the fourth concession the basic edge is hidden by wide swamps,

though it is known to run to the east of Armstrong lake where Laurentian granite

crops out ; and the exact edge has not been visited in lot 8 in the I concession of

Ca^caden, though basic looking norite occurs to the east of a narrow lake which cuts

off access to a location taken up years ago on the opposite side of the lake, said to

contain ore. The northern arm of this lake marks the boundary between the norite

and Laurentian rocks consisting of gneiss and greenstone. From thlLs point to the

northeast the basic edge is most easily reached by a trail from the southwest bay of

Windy lake, which runs largely over drift deposits including a moraine, but gives

access to outcrops of rock.

The basic edge is nearly straight from this point in a northeasterly direction to

the bay just mentioned, and on Windy lake itself the northwest shore, where not

drift-covered, is Laurentian of the usual kind in the region, consisting of reddish or

grayish bands with darker gray laj'ers of finer grained schist. The islands off shore

and the large peninsula projecting from that shore are of norite. On tlile peninsula

the boundary is largely hidden by morainic and esker ridges, but it is distinctly seen

on the shore of the southwest bay. The rest of the shores of this beautiful lake are

of norite or the intermediate rock between the basic and acid phlases.

The best section of the nickel-benring eruptive is provided by the railway

cuttings to the west and east of the little station Onaping ; and a number of rock

specimens from these cuttings have been described by Prof. Walker. =s

Beginning on the northwest near Windy Lake station, which is some distance west

of the lake, Laurentian granite and gneiss with darker schistose inclusions are found

until the shore of the lake is reached, when gray dioritic-looking norite occurs, the

actual contact however being hidden by drift. The rock remains the same in appear-

ance for 100 yards, but soon changes to a reddish syenitic phase of fine or c.-.",r"e firr

which continues to Onaping station, and is followed toward the southeast by greeni.sh-

gray rock having a peculiar ophitic-looking structure. The color and general appear-

ance of the eruptive at the ends of this section are imich alike, but the intervening

phase of iJesh-red syenite-looking rock is very different. '

The acid edge of the eruptive rises as very steep hills to a height of 300 feet above

the station, and the railway is forced to follow the valley of Onaping river in a sharp

curve in order to cross the range of hills. The southeast side of these hills consists

of hardened sediments, at first gray, fine-grained graywacke conglomerate with pebbles

and a few boulders of quartzite and granite, and sometimes also of gray chert, extend-

ing along the railway for about 1,000 feet; and followed by characteristic black

vitrophyre tuff, often crowded with small fragments of gray material.

Acid Edge, Ross Lake to Windy Lake

The nickel eruptive gradually widens from the northward bend to the noitheru

part of the tx)wnship of Trill, and then narrows slightly as it approaches Windy lake. 1

The acid edge near Ross lake is fine-grained, gray and not schistose, but to the

northeast it becomes dark green and schistose, as on Fairbank lake which has already

been described. The conglomerate is not very prominent along this part of the con- •

tact, the tuffs coming close to the acid edge, if not actually touching it.

Along the acid edge in Cascaden the norite is not schistose and is paler gray in
i

color than at the previous locality, sometimes slightly reddish. The conglomerate is I

much more prominent here, at the very edge looking like Laurentian, a fine-grained
j

confused gneissoid rock with coarser patches in it, representing granite boulders,

coming first, followed by less metamorphosed rock looking like Huronian conglomerate,

'

with pebbles and boulders of granite, etc. Next comes a grayish, very fine-grained

rock, like some graywackes, more conglomerate or breccia, and finally the tuff.

r6Quar. Jour. Geol. Sec, Vol. till (U97), pp. 56-59.

I.
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Very similar relations are found at the acid edge half a mile south of Windy
lake in lot 12, the eruptive, which is flesh-colored on weathered surfaces, seeming to

blend into the Laurentian-looking conglomerate. The railway section, on the other

hand, shows a grayer acid edge and little conglomerate.

J 11 general one may say at this end of the basin the acid edge is more granitic in

appearance when the conglomerate is wide and contains many granite boulders; and
is dark green gray and very fine-grained where tlie conglomerate is tliin or practically

wanting. Is the darker color due to absorption of part of the black tuff in the latter

case, by Dr. Daly's overhand stoping?

Acid Eruptive, Windy Lake.

The region of the acid edge just described is exceedingly hilly and rugged, more
80 than at most points on the acid edge of the southern range described in earlier

chapters.

Levack Ore Deposits

To the northeast of Windy lake the basic edge may be traced, with some interrup-

tions from gravel plains, to Ouapmg river; but no gossan or ore was observed between
the Gillespie mine in Trill and the Onaping river in Levack townhsip. The old mining
road from Onaping to the Levack ore deposits is now in very bad condition from thie

heavy teaming of the lumbermen operating in the region, and also from flooding, due
to their dams on the lakes intended to sweep down the logs in the somewhat shallow

river and its tributary creeks. A diamond drill plant was taken along this road to

the Strathcona mine during the summer of 1903 for the Lake Superior Power Com-
pany, but the difficulties met in transporting the heavy machinery were very great.

The road leads along the river from the station for about 2^ miles, largely over gravel

plains, then crosses a bridge and follows the valley of a tributary toward the north-

east, keeping along the foot of a range of Laurentian hills just at the margin of the

norite. The actual margin is often occupied by small, narrow lakes, as though the
norite had decayed more rapidly than the granite : and at several points where the

OM fin)
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norite still rises above the general level it is now weathering extraordinarily fast.

The best instance is near the dam at the mouth of the creek draining Moose lake intc

the Onaping, where the spheroidal weathering is of a very characteristic kind, "i'he

rock, which is gray and coarse-grained, is irregularly fissured into blocks from 2 or

3 to 20 feet across. The weathering takes place along the fissures, leaving mound-

shaped surfaces with channels between ; and may go so far as to leave rounded blocks

resembling drift boulders resting on the decayed surface, with material like fine gravel

beneath the block, representing the products of decay. In many cases the actual

margin of the norite is not to be seen, but Laurentian rock rises to the northwest out

of a lake or swamp, and norite to the southeast.

About four miles from Onaping along the road just mentioned thick beds of gossan

lying against the Laurentian attract attention at the Tough and Stobie property and

test pits show that some ore underlies it, though no norite is to be seen. The Laur-

entian is of the kind usual in the region, granite running into gneiss and greatly

mixed with fine-grained greenstone; and the ore, wiiich consists of pyrrhotite, with a

little ckalcopyrite, sinks beneath the surface of the muskeg tlirough wliich the creek

winds.

Waterf:ill over gneiss west of Onaping. I

The underlying Laurentian dips 33" to the southeast, and a little projection of
'

rock near the top of the slope seems to have protected the ore beneath, which is now

however largely turned to gossan. A hill of norite rises a quarter of a mile away beyond

the muskeg, but none of the rock is to be seen where the stripping has been done.

Less than half a mile farther along the road there is another outcrop of gossan

and ore like the first one, but with a lower hill of Laurentian on the northwest and

a small lake on the other side. A little beyond this lake there is a gap in the Lauren-

tian hills, suggesting an ofiset, and it is said that an ore body has been found some

distance out in the granite, but we found no trail to it, and left it unvisited. Beyond

.5a M. (Ill) ']
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this apparent offset there is another marginal lake, and then the route passes through

low hills to what was once called the Levack mine, in lots 1 and 2 in the fourth con-

cession at the end of the wagon road, about nine miles from Onaping.

Here two properties, the Strathcona and the Stobie No. 3, or Big Levack mine,

have been opened up by stripping and test pits, and have been surveyed magnetically

as shown by the systematically arranged survey pegs.

Strathcona Mine
Mr. Ernst A. Sjostedt, who examined the Strathcona property some time ago,

reports en it as follows

:

"The mineral zone runs diagonally N. E. and S. W. across the north half of lot

3 and south half of lot 4 in the fourth concession of Levack township, and is bounded

to the northwest by a range of syenitic granite, with which it forms a direct contact,

and to the southeast by a wide range of norite, which, usually forms one side of the

mineralized zone tkroughout the Sudbury district. The largest body of ore is shown

at the northeast end of lot 3, although the line of magnetic attraction is practically

continuous across both lots, and ore is shown at various points on lot 4 as well. Near
the northeast end of lot 3 the principal prospecting work has been done, a space of

3 or 4 acres having been cleared of timber and underbrush, and in places the formation

stripped, exposing the capping and gossan, which generally reaches a depth of 2 to

8 feet. Part of the ore body is here shown up by a number of cuts and pits, also

by two shafts, of which No. 1 shaft is 45 feet deep, passing 8 feet through barren

cap rock, then through 25 feet of mixed ore, then through 12 feet of solid pyrrhotite,

and a 10-foot hole having been drilled in the bottom of the shaft, showing clean

ore the entire distance. No. 2 shaft (250 feet north of shaft No. 1) is 30 feet deep,

6 feet being in cap rock and 24 in solid pyrrhotite.

"Pit A (320 feet nortk of shaft No. 1), and pit D (40 feet north of pit A) show
ore within 2 feet of the surface, and trench C, along a low hill-side about midway
between pit A and shaft No. 2, shows a face of ore 50 feet long, in the centre of which
a pit was sunk through 12 feet of eolid ore.

"From the data furnished by the above mentioned pits and shafts, covering an
area of about 600 feet in length and width, the amount of ore in sight on lot 3 is

some 60,000 tons, but this includes an area of less than a tenth of the ground covered

by equally promising surface indications, consequently t'aere is every reason to expect

a much larger body. The ore exists mainly in solid masses within a zone of 200 to

600 feet wide, and some 1,400 feet long.

Following are a number of analyses of samples taken from the above mentioned

[
workings, which will show the character of the ore."

Sample from Sampler. Insol. Fe. Cu.

I Shaft No. 1, 8 feet from bottom D.
piece from dump .'

[
E.

2, from dump i D.
25 feet depth I

piece from dump I E.
HtA, surface

I D.
B, surface

' B. bottom
' C, surface
C, trench
0, 13 ft. pit

' D, low ^ound
jDiamond drill hole, near .\, 2fi ft A.

40ft
^afts, all over dumps

,
R.

""ar norite wall

Schuler.

.

Sjostedt .

Schuler .

.

Sjostedt'
'.

Schuler.

.

. Wllmott.

. Aiken . .

.

Average
Samples taken bv Messrs. Cohen & Bradlev, experts for J. R.

DeLemar. N .Y.

5.03

6.10

'3'.46'

4.00

'h'.oi'

50.4

54.3

4.71

Totalaverage 1.70

ir

1.35
.70

2.11
.14

.07

5.47
1.54
.33

1.24
.28

.30

.65

.58
2.23
1.49
2.43

1.31

1.99

2.78
3.55
3.85
3.54
4.65
2.24
2.02
3.37
2.40
3.27
2.72
3.21
3.80
2.60
3.15
1.68
1.70

2.97

2.67

2.82
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The Big Levack mine just to the east of the Strathcona presents a* very irregular

margin of gossan and ore spread over Laurentiaii hill-slopes and sinking to the south-

east under muskeg with a dip of about 2ll degrees in some places, but steeper in

othei-s. Some norite is present mixed with the ore ; most of it, however, and probably

also of the ore, has been weathered away, but may perhaps be found beneath, the

swamp.

The sceond set of niineis seems nuuh more extensive than those nearer Ouaping.

Beyond the Big Levack mine the nickel-bearing eruptive bends off to the east in

swampy ground with small lakes, and only one small patch of gossan was observed on

its border.

Moose Lake Region

The acid edge of the nickel-bearing eruptive in Levack and the northeastern part

of Dowling is best studied from Moose lake, which spreads out irregularly over a

length of three miles along this margin. Moose lake may be reached by a road run-

ning northeast from Larchwood to Joe Seemo's farm on the banks of the Onaping

river near its junction with the Vermilion ; and then by a trail leading through the

woodB to a bay on the line between Levack and Dowling townships. From the river

to a pond with no outlet near the bay only drift is to be seen on the portage, but

the acid phase of the eruptive here shows itself, and practically the whole of Moose

lake is enclosed in it. The outlet of the lake into the stream mentioned before as

joining Onaping river two miles north of the station ls over the eruptive, and the

same rock is found at various points on the lake and on the next small lake to the

northeast, generally called Trout lake, and another to the east of it.

The acid edge runs northeast and southwest as a range of hills often with sharp

minor ridges, sloping to the southeast and precipitous to the northwest, resulting perhaps

from faulting during the sinking of the basin, or possibly representing a main direction

of joints. All the survey lines cross these ridges diagonally. The contact of the

nickel-bearing eruptive, with the tuffs to the southeast is often drift-covered, and on

this edge as well as on the basic edge there is frequently a valley or narrow lake in

this position. The sedimentary rocks to the southeast also form sharp ridges parallel

to the eruptive ridges, and occasionally a narrow hill consists of the acid edge of the

eruptive on one side and on the other of tuff.

The best exposure of the contact between the acid edge and the sediments found

in the region occurs on the shore of a pond a little east of the end of the portage

from the south to Moose lake. This body of water, unlike most others, cuts across

the strike, and near its outlet into Moose lake the edge of the nickel-bearing eruptive

shows a reddish-gray medium-grained rock, followed to the southeast by coarse flesh-red

granite or gneiss, possibly a pegmatite dike. Then comes rock much like the first

mentioned, succeeded by conglomerate with a fine-grained gray crystalline base and

granitic-looking pebbles, lasting for about 120 feet, doubtless the basal beds of the
,

sedimentary series. Beyond this is coarse white quartzite for about 70 feet, and then

conglomerate again for about 200 feet, after which there is a curious breccia of paler

and darker chert with some pebbles and boulders of granite for 1,000 feet, evidently'

the same as had been found along the railway southeast of Onaping beneath the vitro-

phyro tuff.

Morgan Township

The basic edge of the eruptive crosses a small lake just east of the Levack mined

and enters Morgan Township on the fourth concession line, then turns a little northi

of east to Island river, which follows the edge for more than a mile, and turns north-l

east once more to the fifth concession, finally passing into Bowell township from the!

northeast corner of Morgan township. The boundary may be reached partly froml

Trout lake and partly from a lumber road leading over sand and gravel plains froml

Chelmsford to a camp near the junction of Island and Sand Cherry rivers. Travel in!
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the region is, however, very troublesome from fallen timber and the unusually rugged

and precipittus hills along the contact. The best exposures seen are near the lumber
camp, where a steep hill-side rises above Island river, having the nickel-bearing erup-

tive on its southern face pushing projections into the Laurent ian rocks forming the

summit. The former rock is not very gray, sometimes even rather reddish-looking, and
of variable texture, coarse-grained and fine-grained parts running into one another,

the finer grained material sometimes cementing blocks of Laurentian rock into a

breccia. The Laurentian, which strikes east and west with a vertical dip, has the

usual characters and consists of coar.se gneiss with bands of gr.iy-grcen finer grained

material, the whole sheared in places into what looks like felsite. Near the edge it

is greatly broken as if by the action of the eruptive mass to the .south. No ore or

gossan was found from the west edge of the township to lot 1 in the sixth concession,

almost at the northeast corner, and prospectors have taken up no locations between

the two points. Near a small lake where the four townships, Foy, Morgan, Lumsden
and Bowell, meet there are two patches of gossan, on which very little work has been

done.

The southern or acid edge of the eruptive in this township has the usual characters,

and is in contact at various points with the basal conglomerate so often found below

the tuff. The eruptive band is at its narrowest about the middle of Morgan township,

having at one place a width of scarcely a mile, and there seems less variation in char-

acter between the basic edge and the central and southern parts of the band than it

is customary to find in other parts of the nickel range. Perhaps this fact should be

brought into connection with the absence of ore referred to above. The thickness of

the molten eruptive may have been insufficient to provide any large quantity of biiI-

phides by gravitational segregation.

In Bowell Township

In Bowell township the northern nickel range has long been known through the

work of prospectors, and a row of locations has been taken up beginning at the south-

west corner and running quite across the township, passing in the third concession

into the next township, Wisner. About at the centre of the row of locations a long

offset branches toward the west, extending out of Bowell into Foy, and ending almost

exactly in the middle of the latter township ; and the whole of this offest is included

in mining locations also, so that there has been more interest shown in ore deposits

of this township than in any other on the northern range.

The locations are best reached by colonization and lumber roads from Azilda

(Rayside) to Trout lake (a larger body of water than the one of the same name in

Morgan township). Crossing Trout lake b.y canoe a trail leads inland from its northern

hay and branches toward the southwesit, west and northeast. A part of this trail which

was cut out for the use of pack-horses during the development of some of the properties

IS still in good condition, but towards the ends in each direction the path is rough

and hard to follow, especially where the timber has been cut and fire has run.

Beginning at the southwest corner of the township the basic edge of the nickel-

bearing eruptive is found a little north of the corner post of location W D 251, and
in a general way the trail follows the edge, except where hills or swamps turn it aside,

or where morainic ridges hide the contact. Gossan shows against the steep slope of

the Laurentian toward the northeast corner of the location, and there is a swampy
pond below, with hills of norite to the southeast. Near the west end of W D 241 an

outcrop of gossan and a test pit along the trail indicate the boundary, and more
gossan is seen toward the east side of the location, then drift hides the contact until

W D 231 is reached where three similar small outcrops of gossan and ore occur against

the Laurentian.

In W D 238 a small offset pro.jects northward from the edge, running into a

narrow valley in location W D 37, where there are strippings showing gossan. The
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valley is enclosed by steep and bare Laurentian hills. A small lake in location W D
242 and 239 appears to represent the boundary, and Roland lake a little to the north-

east occupies the same position, having Laurentian on the north and norite on the

south.

In a general way there is a valley running along the southeast edge of the Laur-

entian, which rises as a very rugged range of hills to a height of from 200 to 270

feet, with patches of ore along its foot. Southwest of the valley, which is often occu-

pied by a narrow lake or muskeg, gray hills of norite rise to about the same height

as the Laurentian.

In W D 35 the offset running to the Ross mine in Foy leaves the edge of the

main range. In W D 36 near its northwest corner and probably extending into the

previous location there is a promising outcrop of gossan and ore at the edge of the

granite, but east of this to Trout lake no ore was observed.

Offset to Ross Mine

The longest offset on the whole circumference of the nickel-bearing eruptive ex-

tends for six miles nearly westwards from W D 35 to W R 5, reaching what is called

the Ross mine, in the exact centre of the township of Foy. The path is at first good,

but before the west boundary of Bowell township is reached fire and fallen timber

and the debris left by the lumbermen injure it greatly, and beyond this care is needed

in following it even in green timber, since it has scarcely been used for a number of

years and the blazes are growing dim.

Just after turning off from the main range there is a considerable showing of

ore on a hillside, and the adjoining rock consists largely of white plagioclase crystals

BO crowded together as to appear like anorthosite. Small seams of magnetite occur

in this rock as well as sulphides. To the northwest in W D 150 a wide expanse of

gossan is exposed by stripping and numerous test pits extending nearly to Nickel

lake, where there is a log house occupied during the development work. Turning west

the band narrows greatly and fine-grained norite penetrates between blocks of coarse-

grained norite, of a gray gneissoid rock, of greenstone, and of a white rock with por-

phyritic feldspars, the whole rusty or gossan covered. The adjoining Laurentian is

coarse red granite, an unusual variety in the region. On the shore of the next lake

to the west a similar mixture of rocks is seen, and some gossan rises above the water.

From this point to the neighborhood of Ross mine little ore or gossan was seen,

although the band of norite, narrowing and widening, seems to be continuous or nearly

so the who'e way ; but somewhat similar outcrops of gray rock rising through drift-

covered ground leave some doubt as to the relationships. Evidently the early pros-

pectors considered the whole length to belong to the nickel ransce, or they would nut

have taken up locations along it. The greatest width of the offset, so far as observed,

is in W D 234, where the rock seems to extend for about 500 feet, but usually it is

much narrower, in one case apparently only 20 feet.

Our exploration of the locations just east of the Ross mine was greatly hindered

by the work of a colony of beavers, which had recently built a dam backing up the

water for half a mile or more in various directions into the flat wooded land along

the creek. W R 5, the original Ross mine location, includes two outcrops of ore and

gossan standing as usual against a hill-side of Laurentian, and dipping under the

muskeg borders of a small lake ; but the amount of ore to be seen is not large. It is

reported to assay 2.75 per cent, of nickel.-? Most of the Laurentian encountered along

this offset is coarse-grained and flesh-colored, but some masses of gray-green rock, in

general appearance not unlike the norite, are enclosed in it.

1
37 G. S. C, 1890, Part K, pp. 43-4.
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South Edge of Eruptive

The acid edge of the eruptive crosses from Morgan township into Lunisden in the

fifth concession, and is fairly well exposed near the north shore of a small unnamed
lake just north of the concession line in lot 9, as a gray rock weathering reddish. The

neighbi ring sediments to the south look like quartzitc with pthblos and uiercrf into tiili.

and these rocks continue to the northeast as a range of high hills, sinking, however,

where Nelson river makes its way through. Along this valley gravel plains and morainic

ridges conceal the rook. On the line between lots 6 and 7 to the south of a small lake

crossing the concession line between Lumsden and Bowell the acid edge forms a hard

grey-green rock, or some other eruptive appears to intervene between it and the sedi-

ments; but on the town line in lot .5 and also in lot 4 we find the usual relationships,

the granitic-looking acid edge seeming to blend with a greatly metamorphosed coarse

conglomerate. In places, if it were not for the coarser grain and different texture

of the included pebbles and boulders, the matrix of the conglomerate could not be

distinguished from the eruptive, and great care was necessary not to overrun the

contact between the two rocks.

In location W D 252 at the southwest bay of Trout lake there is once more a

fine-grained dark-green rock between the eruptive and the tuff, in places very much
like a basic eruptive rock itself, but in others charged with a few pebbles of granite,

and having the characters of "slate conglomerate." In this marginal rock there are

veins containing <|iiartz with zincblcnde, galena and a little copper pyrites, and at

one point a shaft has been sunk to open up the ore. The quartz formed quite large

crystals before the sulphides were deposited, and on breaking the ore the six-sided

cross sections of the prisms ar< well marked. No very largo amount of ore was to be

seen and the deposit does not seem to be of great importance so far as the present

development work goes.

There is a small opening near a l)lacksmith shop a little east of the east bay of

Trout lake, also on similar dark-green eruptive-looking rock, but even less ore is to

be seen here than in W D 2.52. These small ore-bearing veins are found in the adjoin-

ing sediments or in greenstones connected with them and not in the nickel-bearing

eruptive itself, but the eruption of the latter may have some connection with the for-

ma* ion of the deposits.

A very good section of the contact of the acid edge with the sediments is exposed

on a small peninsula projecting from the south shore of Trout lake where the lumber

road reaches the water. Two or three islets to the north show the nickel-bearing

eruptive in its usual phase along the southeast edge, while the peninsula ends in a

conglomerate having apparently two kinds of matrix, fine-grained green material

containing cpidote and quartz, and rather coarse reddish or grayish quartzite. both

including many small and large pebbles of granular quartzite and of granite. Irreg-

ular projections of the acid edge granite penetrate the conglomerate for 100 yards

or more. Next to the southeast is a narrow range of precipitous hills of hard splintery

cherty-looking brecciated rock, then comes a breccia of a less cherty kind, with, how-

ever, a few granite boulders, probably the base of the tuff. The section described is

about 1,200 feet in length. Still farther to the southwest is the usual tuff, less flinty

and unaffected by the neighborhood of the eruptive.

Wisner Township

The ba>sic edge of the eruptive runs almost due east from the northern side of lot

12 to lot 4 in the third concession of the township of Wisner, and then bends to the

southeast toward Vermilion river and Norman township. The portion up to lot 4 has

been surveyed as locations, but prospectors seem to have found no ore along the rest

of it. This part of the nickel range is best reached by lumher road to Frenchman's
lake and then by a canoe route to Joe's or Marion lake which crosses the nickel-bearing
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eruptive diagonally. The two Frenchman's lakes are in the sedimentary rocks, the

soutli end heing enclosed in the soft hlack slaty variety of the tuff, hut morainic mater-

ials hide the bed rock as one crosses to Joe's lake.

The basic margin of the nickel-bearing eruptive has the usual characters north of

Joe's lake, the boundary to the north being Laurentian and a swampy valley running

at its foot with low hills of norite to the south. Not much gossan or ore is to be seen

in the locations across this township, though considerable showings occur on W D
1() and \\' H 14 near the head of the lake.

The acid edge is very well shown on Joe's lake, which it crosses near the south

shore, and the bare surface of the rock near a small lake to the southwest gives an

uninterrupted section across the boundary. The edge of the eruptive is granitic-look-

ing and s«>nis to blend into a conglomerate with a line-grained crystalline ground-mass

which might be taken for granite containing .small and large boulders of granite, often

with vague edges. This conglomerate is penetrated by indistinctly bounded projections

F:\\h on Vermilion river at power jilant.

from the ervptive, and seems to have been greatly re-crystallized in conse(|Mence of its

presence. About 360 feet to the south the conglomerate has a ground-mass suggesting

arkose or quartzite with a few pebbles of granite, and this dips beneath the small lake.

.\ parallel section on the shore of Joe's lake shows a .similar conglomerate followed

by breccia-like tuff at a distance of 400 feet south of the acid edge, but with a few feet

of a fine-grained green-gray rock without pebbles between.

The eastern side of Wisner township is most easily reached from the Vermilion

river near Dawson, and a canoe route leads across from the second Frenchman's lake

to this point. The rock showing between the two lakes is mainly tuff, but half a mile

west of Dawson a large dike of diabase rises beside the trail, perhaps the continuation
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of a dike found by Mr. C'ulliert on Onnatin lake about two miles southeast. Near

Dawson gravel plains and miuskegs cover the rock along Vermilion river, but the norite

torniing the northern edge of the eruptive is found rising as hills a mile west of the

upper end of Uronson lake, near a small lake at the corner of lots 3 and -1 in the fourth

concession of Wisner township. At the boundary the norite leans against a Lauren-

tian hill, but no ore or gossan was to be seen ; and similar relationship's are found

to the northeast towards Vermilion river, hut gravel terraces hide the rock nearer

the river.

Near the head of Ba-ss lake, the next expansion of Vermilion river south of

Bronson lake, the acid edge shows itself with the usual metamorphosed conglomerate

to the south, here having a width of BOO feet before the tuff is encountered.

Norman and Capreol

The boundaries of the nickel-bearing eruptive in these townships were mainly

fi.xed by my assistant, Mr. Culbert. and the following account is given in his own
words

:

"Ihe northern nickel range makes a sharp turn in the town.sliip of Norman, its

outcrop there assuming a southward direction. In the northern concessions of Capreol
township another change In direction is found, the strike being northwest and south-
fast to Mafisey creek as far as it was followed. The line of outcrop of the basic edgo,
owing to its comparatively rapid weathering, determines the position of a narrow
\alley from the Wiiistje i)rnperty to Massey creek. This valley widens in many places,

often containing lakes wliiih conform to the strike of the eruptive. Examples are iakea
Selwyn, Waddell, KUa and Clear.

"The basic phase along this part of its outcrop resembles the norite of the northern
range, bcinij a liyht mettled gray and is c()ni])aratively narrow. Darker phases occur
in spots and resemble the rock at the Blezard mine, but the few small patches found
tiear Moose lake are easily overlooked. Many peculiar contact varieties are found,
such as the poikilitic kind near the Blue lake ore deposit, which to the eye appears
quite coarsely granular, but is found under the microscope to consist of large aggregates
of feldspar optically continuous with inclusions of bi-silicates. The transition to fhe
micrographic phase takes place within a short distance, and the total width of outcrop
ol the eruptive is not great in the townships of Norman and Capreol, being less than
two miles as a rule. The mieropegmatite is of the us\ial flesh-colored rather coarse-

grained variety found in the northern range and corresponds in niineralogical com-
position.

"On the east side the eruptive is in contact with Laurentian granite and gneis_^5.

The granite is pinkish-red, with abundant quartz and few of the dark minerals lii

places where the acid magma has not incorporated inclusions and masses of earlier

rocks. In many parts hornblende porphyrites and green schists occur, often running
out in basic bands into the acid material and forming gneiss, or again occurring as

immense blocks or large masses of considerable area whdcli the action of the erupted
material failed to shatter. A large mass of this kind occurs half a mile south of Moo.se
lake near the small marsh on the road to Blue lake.

"The acid phase to the west comes in contact with the usual conglomerate, highly
indurated with well-rounded pebbles and boulders of granite, greenstone, schist and
quartzite. On passing westward this rock becomes softer and tufaceous, with no large

boulders showing.
"A large diabase dike of great width, in some places a few hundred paces, was

found in the valley of Massey creek on the boundary of Capreol and Maclennan town-
ships in the third concession. It also outcrops on lot -5 in the fourth conce.ssion of

Capreol on the shore of thie small lake on the line between lots 5 and 6. This s

probably the same dike that crosses lake Onwatin and which appears on lot 8 in tho

second concession of Wisner near the southwest post, the outcrops all being in i

nearly straight line. The rock has a distinct green color due to a considerable content
of olivine.

"Wherever the contact between the norite and the Laurentian appears on the
surface indications of ore are found, either in thin patches of gossan or outcrops of

ore bodies. Sulphide particles can be found on the contact wherever the rock s

tested, and the red gossan product is present along its entire length in the townships
T-ear lake Wahnapitae. The more important outcrops of ore occur near Blue lake and
south of it near the small Moose lake. On the shore of Blue lake the diamond drill

has proved the existence of a body of ore of some size. The outcrop near Moose lake
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shows a band of ore following the contact and varying in width from two to six feet

of fairly good sulphides. In the tost pits this ore appears rather lean, being mixed
with some of the mother magma, but the proposition looks promising, having in view
the improvement of transportation facilities. Further north, strong local attractions

are found on the north end of Ella lake near the west side of WR 2, but no test pits

have been opened to prove the existence of an ore body. The east side of Clear lake

near the shore shows a few test pits with ore and a considerable extent of gossan."

The Whistle Property

A canoe route leads from Blue lake to the Whistle property, passing through the

northeast end of Capreol township by Clear lake and Trout lake to Waddell lake and

Selwyn lake in Norman township. The Whistle property is on lots 6 in the fourth and

fifth concessions ; and has been opened up by stripping and test pitting, showing an

extraordinary extent of gossan surface, about half a mile in length from southeast to

northwest, and 250 yeards wide at the widest place. So far as extent of gossan is con-

corned, this seems to be the largest exposure of ore in the district. The hill on which

the stripping has been done rises 230 feet above the valley of McConnell creek to the

southwest.

The norite in connection with the ore on this property is very fine-grained and

mixed with fragments of other rock, almost forming a conglomerate with a matrix

of norite. It seems to be broken or crossed by some dikes of granite and patches of

grtenstone
; and the adjoining rocks arc granite, often pegmatitic. and greenstone;

these two rocks enclosing the gossan hill on three sides, southeast, northeast and north-

west. Here we find a large ore deposit caught in a sharp angle where the gabbro

pushes into the neighboring rock, as happens so often elsewhere.

The ores of the Blue lake region are like those of other parts of the district in

most respects, though the pyrrhotite is apparently more magnetic than elsewhere.

Masses of the ore near Blue lake are fairly strong natural magnets, readily attracting

the compass needle and holding iron filings, but they are, of course, far surpasesd in

this respect by magnetite. Some octahedra of pyrite are found in the pyrrhotite.

The string of small lakes mentioned above follows in a general way the basic edge

of the nickel-bearing eruptive, as if that were most easily acted on by weather, and

their western shores often consist of bluffs of reddish, syenitic-looking rock, the more

acid and also more resistant phase of the eruptive.

Leaving the Whistle property going westward the contact is found forty paces

north of the northwest corner post of lot 7 in the fourth concession of Norman. The

ground succeeding is low and drift-covered for nearly a mile, with no outcrops of the

basic edge till near the line between lots 9 and 10, where the contact shows with a

test pit and gossan 210 paces south of the northwest corner post of lot 9 in the fourth

concession. To the west this outcrop is followed to low ground again with gravel

deposits, but the norite outcrops south of the northwest corner post of lot 10 in the

fourth concession at 410 paces. On following the uncut line half a mile to the west

between lots 11 and 12 north from the post at the south boundary of the fourth con-

cession a small test pit in a body of ore was encountered at 1,940 paces. The Laii-

rentian here contains good-sized bands of green hornblende schist like that which

accompanies the Hutton magnetic ore deposits. The Laurentian was also found 1,010

paces north of where the boundary of Wisner and Norman crosses the Vermilion river

in concession four.

The acid edge of the eruptive was traced southward through Norman and Capreol

to the sand and gravel plains which hide the bed rock in Garson township ; and the

relationship of the eruptive to the overlying sediments was the same as has been

described in other townships. A good exposure of the contact is seen on the road

north from Dawson toward Moose mountain, where, as one advances, the tuff takes

on the character of conglomerate, and then of boulder conglomerate with a felsitic
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ground-mass before the edge of the eruptive is reached. In general, the ridges of tuff

and conglomerate, as well as of the eruptive, ruts north and south at this eastern end

of the range, evidently conforming here as everywhere else to the direction of the

line of contact, showing a close relation between the dips and strikes of the overlying

sediments and the line of outcrop of the basin-shaped eruptive sheet.

No ore deposits are known on the acid edge at this end of the nickel belt, but a

so-called nickel mine was found not long ago at the east end of Onwatin lake in black

slate. Two openings made here show only iron pyrites.

South of the Blue lake region the wide gravel plains referred to in the account

of the northeast end of the southern nickel range intervene between the two ranges

for about two milee, leaving the exact boundary at this point somewhat doubtful. On
the map the boundaries have been connected in what seemed the most probable way.

The detailed account given in the foregoing pages, showing the continuity of the

basic and acid edges of the nickel eruptive round the whole basin, and connecting up

what were formerly spoken of as the main, or southern, range, and the northern range,

make it clear that we have to do with a single sheet of eruptive rock, everywhjere

dipping inwards. This was originally buried under thick sedimentary rocks, but is

now exposed all round the edge by their weathering and destruction, laying bare the

eruptive sheet which had slowly cooled beneath them.

OTHER NORITE OR GABBRO MASSES
In addition to the great nickel-bearing laccolithic sheet which has just been des-

cribed, there are numerous other outcrops of norite or gabbro, or of greenstone

probably resulting from the alteration of gabbro, in the district, many of them having

been mapped by Dr. Bell and colored in the same way as the nickel-eruptive. Most
of the.se basic eruptive masses are elongated parallel to the strike of the adjoining

rocks, which is in general parallel to the edge of the nickel-bearing eruptive, and in

many cases small pockets of pyrrhotite and chalcopyritc occur in them, but always

lower m nickel than the deposits of the main nickel range, and up to the present of

no practical importance. The bands or bosses of gabbro in question are probably all

later in age than the enclosing Huronian rocks ; but there are also greenstones closely

connected with much altered parts of the Huronian sediments, which seem to be of

the same age.

What relation the isolated gabbro areas have to the nickel-bearing eurptive is

uncertain, though they appear generally to be older than the nickel rock. Possibly

they represent earlier eruptions from the same magma before differentiation had gone

far, or possibly they are segregations from the magma of a medium acidity practically

free from the sulphides. In many respects they differ greatly from the nickel eruptive,

such as the lack of ore and of a differentiation into acid and basic phases on any large

and regular scale. Until more time has been devoted to them their character in many
points must remain doubtful.

Gabbros of the kind mentioned occur from Falconbridge township southwest to

Nairn township, and locations for nickel have been taken up on many of them, but

without important results up to the present. They are confined to the Huronian
region south and southwest of the main nickel range, none being known from the

Laurentian areas to the north and northwest or to the southeast.

To give an idea of these rocks the best known area, lying to the east and south of

Sudbury will be described.

The Sudbury Gabbro Area

Just to the east of the town of Sudbury, beyond the creek, an irregular mass of

hills cut by some ravines and embayments, rises to a height of over 200 feet, having

an area of about four square miles, and sending a tongue five miles southeast along
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tlio northwest shore of Kelly lake. The rock is gabbro, usually much weathered, and
wherever the adjoining Huronian sediments are found in contact with it along the

edges they are tilted up to the vertical or even slightly overturned, so that the
eruptive is clearly later than the Huronian. On the west and north of the main area

and along the northwest side of the Kelly lake extension the adjoining rock is well

stratified graywacke with slaty layers; on the south so far as known the sediments

are graywacke conglomerate later in age than the former rocks. The east side of

the eruptive mass has not been studied in any detail.

The laccolithic relationship of this mass is pretty certain, but its form is very

irregular, and there nia.v really have been a succession of laccolithic flows instead of

a single sustained ii rrption of magma into the sediments. While the whole mass was
probably domed over with sedimentary rocks in the beginning, there are now very few

remnants of them left except some stretches which rise well up on the flanks of the

hills but do not reach the top.

Far the greater part of the rock is a greenish gray gabbro in which the pyroxenes

have mostly weathered to hornblende, though one specimen proves to be norite, of

a quite different kind from the norite of the nickel eruptive. It has not the dark

color, the blue blebs of quartz, nor the mica which characterize the nickel range norite

;

it is never "pockmarked" with rusty holes from which ore has weathered, nor has it

gossan or deposits of ore around the edge ; though a few small outcrops of ore occur

away from the edge. It shows no tendency to have one side acid and the other basic,

though there are large acid segregations in many places on top of the range of hills

near the centre. If the band is laccolithic, as it appears to be, and similar to the

main range, the acid portion should be at the top, with gradations to a basic portion

with ore at the bottom. The latter part may be hidden below the surface, and the

acid segregations on the tops of the hills may correspond to the acid edge of the nickel

eruptive, though very different from it in character.

The acid segregations are very curious, sometimes having the look of gigantic

concretions with a ring of green hornblende round the edge, followed by white plagio-

clase, which may become pegmatitic, and finally enclosing nlore or less quartz, the
whole mass being from a few feet to 50 yards in diameter. The hornblende crystals

are often several inches long, blade-like, and in cross section may have in the interior

a negative crystal form filled with plagioclase or some other white mineral. Good
examples of the segregations are found on various hill tops east of Sudbury and for

half a mile or more along the top of the ridge near Kelly lake. In the latter region

the.v follow a general direction along the centre of the range of hills, though the

masses of white minerals are not connected. The largest known south of Copper Cliff

is' used as a source of quartz for converter linings, and already a great many tons

of nearl.v pure quartz have been quarried from its centre. leaving the more felspathic

portions as the walls of the pit, with an outer rim of hornblende, the line of mixture
forming the rock sometimes called malchite.

It is possible that these areas of plagioclase and quartz represent masses of quartz-

ite enclosed in the gabbro and completely re-crystallized, though there is no direct

evidence of this. They seem to be analogous to the malchite masses with hornblende

crystals, white plagioclase and some quartz along the edge of the main nickel range

at Murray and Elsie mines ; and the same cause must have produced them in each

case. As the examples from Murray mine clearly have nothing to do with the acid

edge of the eruptive, which is four miles away, we must conclude that the much
larger row of white segregations in the Sudbury laccolith are probably not the equi-

valent of the acid phase of the nickel eruptive.

Beginning at the north end of the Sudbury laccolithic band where the rugged hill

sinks northwards into a swamp followed by the creek in concession V of McKim, we
find a rim of quartzite or graywacke with seams of slaty material running all along

the flank of the hill and having a strike of 60'' with nearly vertical dip. Passing to
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the west and southwest the hill slope on tKe line between concessions IV and V shows

quartzite or graywacke tilted round so as to have a strike of 100" with a dip of 80'*

to the north; but there has been great disturbance here, blocks of the sedimentary

rock being carried off by the gabbro. Farther to the southwest tlie sediments lean

against the gabbro in a more normal way, with a strike of 30° and steep dip beneath

the eruptive; and just east of Sudbury the same relation is found, except that the dip

is 70° or 80" to the east, i.e. under the laccolith, the eruptive growing finer grained

against the quartzite.

A little to tlie south near the corner between lots 4 and o. cons. Ill and IV, a

wedge of the sedimentary rock runs a little north of east for nearly a quarter of a

mile before it feathers out on top of the gabbro. Still to the south a valley runs into

the hills in the same direction, perliaps weathered out of the sediments, though drift

8'"
..**'
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Ilill east of Sudbury ; concretionary structure in gabbro.

covers the solid rock. To the south, ol the valley the gabbro shows no rim of quartzite.

and near the Canadian Pacific railway it seems nearly cut off from the long band
running towards Kelly lake, quartzite being exposed considerably to the east, though
not seen in contact with the eruptive.

The relations on the east side of the gabbro area have not been studied ; on the
south we find graywacke conglomerate later in age than tlie quartzite for the most
part, but cut by the gabbro. Some strips of quartzite occur, however, north of Ram-
say lake and the railway against the gabbro or upon its southward slope, one suoli

strip only ten feet wide running for some distance in a direction of N. 25". The
contact with the graywacke conglomerate and patches of quartzite along the south
side toward Ramsay lake is somewhat confused, blocks of the sedimentary rocks being
enclosed in the gabbro for 100 or even 200 feet from the edge ; and a band of conglom-
erate runs for nearly a mile, with very irregular boundaries, between the main mass
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of gabbro and a narrow southern row of gabbro hills As this has weathered faster

than the eruptive, it has been made use of for the road between Sudbury and Wah-
napitae.

The long band of gabbro running towards Kelly lake has relations to the quartzit©

much like those nearer Sudbury. The strike is about 60° or 70° and the sedimentary

rocltp rise along the northwestern flank of the hills as a fringe having with local varia-

tions the same strike, but being in many cases brecciated at the very edge. On the

southeast of the ridge only the shore of Kelly lake has been studied, and here the

gabbro runs beneath the water in most places, though quartzite or conglomerate occur

at two points and are found against the edge farther northeast.

Ore occurs at two points at least in this band of gabbro, one east of Sudbury, the

other half way between Sudbury and Copper Cliff. The Sudbury deposit occurs con-

nected with one of the segregations of white plagioclase and quartz a little north of

the water tank, where a small test pit shows rusty rock, copper pyrites and pyrrhotito

with some quartz ; but the amount of ore seems insignificant.

The other outcrop is on the lurth half of lot 6, con. II, McKim, near the middle

of the gabbro band, where there is a considerable stretch of gossany surface contain-

ing a pocket of pyrrhotite with some copper pyrites, opened up by a test pit twenty

feet long and five feet wide. Though larger than the other deposit, this too is of no

economic importance so far as can be seen from the exposure. Another test pit is said

to have been deep enough to require a ladder, but my guide was not able to show

me it

Since many strippings and small prospect pits have been opened on these outside

gabbro bands with no valuable results up to the present, we must suppose either that

the amount of magma in them was too small to provide a workable body of ore by

segregation, or that the ore is at too great a depth to be visible on the surface.

Smaller gabbro areas south of Ramsay lake and in the neighborhood of Nairn

Centre have been taken up as nickel locations, and have been proved to contain some

pyrrhotite, but the amount is too trifling and the grade of the ore too low to make
them of value.

Older Norite and Greenstones

Along much of the southern nickel range and at a few points on the northern "range

an extraordinary mixture of green or gray rocks occurs, apparently having some
relationship to the nickel-bearing eruptive. Though it has been referred to from point

to point in the discussion of the basic edge of the main range, it should be briefly

taken up as a whole. Much of this rock has been lava flows, as shown by the "pillow"

and amygdaloidal structures frequently mentioned in previous parts of this report.

The pillow structure is supposed to be due to dragging or rolling of still viscid lava

;

though it might be explained perhaps, in some cases at least, as formed of bombs.

The pillows are of all sizes up to five or six feet in diameter, and show irregular

rounded forms, apparently somewhat squeezed together, perhaps merely by their own
weight. They are, however, separated by a narrow band of seemingly structureless

Kreen material, usually much finer-grained than the rock of the pillows themselves.

The middle of the pillow is generally of dark or light gray fine-grained material,

sometimes unchanged norite made of plagioclase and hypersthene, at others meta-

morphosed to a confused hornblendic rock. This merges into a speckled band contain-

ing many white spots suggesting amygdaloids, the spots being specially crowded against

the edge, as if steam could expand near the outside of a still viscid mass of lava but

was unable to do so in the middle, or as if the steam bubbles pushed in all directions

toward the outside, but could not escape through a cold outer film.

The fine-grained green band which separates the pillows thickens to fill the spaces

a*- some points, but at others there are white and green strips developed in the wider

.spaces with hornblende crystals, etc. Is this intermediate material ash?
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The great mass of the older norite is, however, not pillow-like nor aniygdaloidal,

probably because these structures are confined to the surface of lava flows. No distinct

lava sheets or flows have been distinguislied, the varieties of rock mentioned seeming
to be inextricably mixed through the large amount of faulting and brecciation which
the region has undergone. In most cases the older norite is largely changed to horn-

blendic rocks, and almost all the surfaces even of the freshest norite are crossed by
numerous bands of darker green, consisting chiefly of hornblende, where fissures per-

mitted water to percolate so as to produce a variety of change going on at considerable

depths, often confounded with weathering. These bands widen and become more
numerous, until finally the rock has changed to greenstone or hornblende porphyrite.

Pillow structure in older norite, near Elsie.

In many examples the general rock is older norite with large rhomboidal crystals of

hornblende, often surrounded by a narrow whit« rim, scattered through it. On
weathered surfaces these crystals and the hornblende seams stand out a quarter or half

an inch above the rest.

The older norite is closely associated with singular green schists or greenstones
filled with white pea or bean-like spots of quartz, which may be a variety of the lavas

or a greatly metamorphosed sediment. All grades in size and complexity are found
between the tiny, homogeneous "peas" and concretions two inches in diameter with
dark hornblendic centres and white borders. Beside these doubtful rocks there are
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also some undoubted sediments, graywacke of a quartzitic kind, enclosed in tke com-

plex of tlie greenstoiios and oldtM- noiite too intimately inixv il witli tlicni to !« separated

in mapping.
This group of roiks is of a very resistant natnre and commonly stands up along

the low basic edge of the southern nickel range, as rugged hills, sometimes in a narrow

helt but occasionally a mile in width.

DISTRIBUTION OF OLDER NORITE AND OREENSTONE

The older norite is "easily distinguished from the norite of the basic edge of the

nickel-hearing eruptive, being much finer-grained and more basic in character, but

it is verj- difficult and often impossible to separate it from the greenstone into which

it is transformed by the development of hornblende in place of the pyroxenes. Where

any of the unchanged norite remains there is no difticuiLV in mapphin; it along with

Weathering of Xorite, Manitoulin and North Shore Ky.

the products of its alteration ; but where all trace of the norite and of the pillow and

amygdaloidal structures have vanished, it becomes doubtful whether the rock should

be classed with the older norite or not, since there are numerous bands of greenstone

and hornblende porphyrite with considerable quartz in their constitution that probably

have no relation to an original norite.

In this account of the distribution only greenstone found connected with norite

01 with pillow lava will be considered to belong to the series. They have been traced

with some care along the nickel range, but have not always been mapped to the south,

so that the width of the band is often uncertain ; and they have not been looked for

at all at a distance from the nickel range, so that other areas may exist in the district

not distinguished from the common greenstones and green schists.

Beginning at the west end of the nickel range, there are fine-grained noritic rocks

mixed with various greenstones as if the matrix of a crush conglomerate at the Sultana



1905 Eruptive Rocks 81

mine, but it is doubtful if the hill should be classed with the older norite since the

typical structures have not been observed ; and the same may be said of greenstones

occurring at the Chicago and Victoria mines as well as the Vermilion.

We come to undoubted older norite first in the vicinity of the Gertrude mine in

the southeast corner of C'reighton township, where this rock mixed with greenstone

runs from west of the compressor plant to a point near the railway station, a distance

of ono-tliird of a mile, with a breadth of several hundred yards. Whether the green-

stone which extends widely to the .south belongs to it is uncertain, and the greenstones

along the Manitoulin and North Shore railway to the east also are doubtful; but just

to the east of the Gertrude procprty, where the margin of the basic edge bends north-

ward there is a half mile of greenstone mixed with older norite to the north of th«>

railway.

.\t Creigliton granitoid gneiss cuts out almo.st the whole of the greenstone series,

and no older norite has been found between this and North Star, where a small strip

lies just south of the nickel range. The rock is chiefly granitoid gneiss and granite

with litt'c greenstone, between North Star and the grent C'.pper Cliff offset, and none

of the older norite has been observed to the west of it.

Ji'st cast of No. 2 mine at Copper Cliff a range of greenstone hills begins and

extends northward with some irregularities, but scarcely any interruption, to Elsie

and Murray mines, a distance of more than two miles, with a breadth of half a ni-le

on the average. Much of this area is typical older norite or .shows pillow structure,

so that there is no doubt of its position in general; but there are considerable patches

of sediments, quartzite or graywackd. enclo.sod in it, and the younger granite comes

between it and the nickel range where the offset joins the main range.

Near Murray mine a targe mass of granite cuts off the greenstone and associated

rocks, running between the Frood-Stobie offset and the main range, but immediately

nQrth of Stobie the older norite and greenstone in a typical form rise as rugged hills

and extend to the Little Stobie, Mt. Nickel and Blezard mines with a length of a

mile and breadth in places of more than half a mile. •

Beyond this toward the northeast the country is largely covered with swamp or

drift deposits along the margin of the nickel range, and not much detailed mapping
has been done, but greenstones are known to occur at many points along the range,

and the pillow structure has been found near Kirkwood mine in Garson township.

Along the northern nickel range the older norite and pillow lava have been observed
only at one point, north of Joe's lake in Wisner township, but no special search has

been made for them elsewhere. However, there is on tho whole much less likelihood

of its occurring there than near the southern range, since the granitoid gneiss of the

Laurentian makes the usual country rock with comparatively little greenstone of any
description.

There is plenty of greenstope to the east of the nickel range near Blue lake and
points to the north, but the older norite has not .vet been observed there, perhaps

becau.se it has not been particularly looked for. Pillow structure was seen at one

point near Blue lake, however.

I'o sum matters up, the older (or micro-') norite is known to extend, with some
interruptions from granite or granitoid gneiss, from Gertrude to Blezard mine, a dis-

tance of about 14 miles, with a greatest width of about half a mile. An outcrop has

bean found near Kirkwood mine, about three miles northeast of the Blezard mine,

so that the total length is 17 miles. It is not known to occur atiywherp in the district nt

a distance from the nickel range, but always at or near the margin of the nickel-

bearing norite. It is highly probable that the lava flows, etc.. of the older norite

wries represent an earlier outbreak of material from the same general magma as

supplied the nickel eruptive, but at a very much earlier date, in fact before the

sediments of the interior basin were laid down. If this supposition is correct there

l\ M. (hi )
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were surface outflows of lava of a basic tjpe, folloned by a long period of (juiescence

during which, the 10,000 feet of sediments were deposited. A second period of activity

resulted in spreading the great laccolithic sheet beneath the sediments and over the

older norite, the magma as a whole being this time of medium basicity. Finally, au

acid remnant of the magma may have been erupted forming the later granite which

cuts both the older and the later norite, though this is uncertain.

Granites Near the Nickel Range

Several elongated areas of granite or syenite or gneissoid varieties of these rocks

occur along the southern nickel range as if they had some connection with it, though

the gneissoid rocks have generally been thought to be Laurentian. They differ con-

siderably from the grayLsh medium-grained gneisses of the Laurentian to the east

and north of the nickel eruptive, and are perhaps all later in age.

Later granite, Maiiitoulin ami Xurlli feliure Ky.

In type these rocks are variable, running from flesh-colored to gray, from fine^

grained to coarse, from porphyritic to non-porphyritic, and having all degrees of

gneissoid structure. They are always later in age than certain greenstones of which {

they enclose fragments and than the graywackes, quartzites and slates of the Huronian.j

The variety referred to as porphyritic granitoid gneiss is generally older than th»J

norite, which grows finer-grained against it; but tht>re are doubtful contacts, and Dr.l

Barlow may be right in assigning it to nearly the same age as the nickel eruptive. ^8^

There are also reddish medium to fine-grained granitCvS which are distinctly later thanji

the nickel eruptive, since they frequently send apophysae into it and penetrate it,

sometimes as long dikes. How these granites are related to the porphyritic granitoii

gneiss is uncertain, but they appear to be a good deal younger, as a whole, perhapfj

sSGeol. 8ur. Can., 1904, Part H, pp. 53-4.

6a M. (ill)
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later outflows from the same magma. It seems as if granitic eruptions were very

long continued in the region, for not only have we the older granitoid rocks against

which the norite cooled, but masses and dikes of granite up to the very end of the

series of eruptions, for two small dikes have been found cutting the diabases which

penetrate all the other rocks of the region. As these acid rocks have erupted at various

times all along the scale without showing much difference in composition, we should

perhaps look on them as separate in origin from the magma of the nickel eruptive,

though from a neighboring source.

DISTRIBUTION OF GRANITES
A large band of granite and granitoid geniss with some greenstones int-ermixed

begins about three miles east of Victoria mine and runs east across Vermilion river

to the northeast corner of Graham township, where it bends to the northeast and

widens from a mile or a mile and a half to two miles or more as it approaches Creighton.

It forms the country rock of the norite for two or three miles, but near Gertrude is

separated from it by greenstone and older norite. The boundary between greenstone

and granite is hard to fix in this region, the two being mixed. At Creighton it once

more touches the basic edge and continues in this relationship to Copper Cliff. The
hill south of Creighton shows an extraordinary confusion of coarse granitoid gneiss

with inclusions of finer gneiss, arkose and porphyrite, the whole greatly faulted and
crushed into conglomerate. Some of the gneiss has light and dark bands like the

Laurentian.

Between Creighton and North Star different phases of granite and granitoid gneiss

with some greenstone are well exposed in the rock cuts of the Manitoulin an3 North
Shore railway, some parts with large flesh-colored porphyritic crystals in a darker

'round being very handsome and worthy of mention as ornamental stones.

Near Elsie junction the coarse porphyritic rock is replaced by a small area of

"ather fine-grained bright red granite which forms two or three hills in the greenstone

eries, but the fine-grained granite has not been found in contact with the coarser

ock so as to compare their age.

To the west of Copper Cliff coarse gneiss rises as steep hills and encloses in part

he offset of norite as far as No. 2 mine, the norite being finer-graiaed at the margin.

5mall dikes of finer-grained granite penetrate the norite, however, as though lat^r

n age, so that two eruptions of granite are represented here.

The band of granite described is about 12 miles long and runs roughly parallel to

he nickel range and to the strike of the Huronian. It is not, however, a single

ruptive band or sheet, but includes rocks of quite different ages, one cutting the other

1 some cases, and in almost all parts there are older greenstones included, sometimes
D such an extent that sharp mapping of the boundary between the granite and green-

:one is impossible, the latter rock increasing more and more until it becomes more
Qportant than the granite.

To the southeast of Murray mine a range of pale flesh-colored granite hills rises

ong the Canadian Pacific railway and runs northeast near the nickel range to a point

3ar Little Stobie mine, greenstone, graywacke and various schists lying along its

utheast border. This granite touches the norite at Murray mine, and is distinctly

lunger than it, since it sends projections into it. The boundary of the granite with
e greenstones is often a very brecciated one, blocks of the dark rock being enclosed

a matrix of granite which, ramifies between the masses. Somewhat similar granite

jcurs as irregular bands near the middle of the norite at various points to the west

|(.d northwest, as well as towards Whitson lake, and it is probable that all have had
|e same origin. Diamond drill cores show rock of the same kind fom 900 feet depth
flow the surface of the norite about the middle of lot 8, con. II, in Blezard township.

Bosses of paler gray granite, perhaps of different age, appear in the graywackes
id quartzites near the northwest corner of McKim township; and small areas are

find in other parts of the region to the south and east of the nickel range, but they
' ve not been studied in detail.



84 Bureau of Mines No. 5

Huronian Greenstones
In the sketcli of the character and distribution of the eruptives of the Sudbury-

district just given only the more important types have been referred to, the nickel

el'uptive, the Sudbury laccolith, the older norite and asosciated greenstone, and the

granitic rocks. There are, however, many bands or bosses of a peculiar hornblende

porphyrite with coarse crowded crystals occurring in various places in the sedimentary

rocks, probably older tlian any of the eruptives that have been taken up. Examples
of these are found running as a succesion of small lenticular patches for about two
miles parallel to the Fiood-Stobie offset, and many other outcrops of the same nature

have ben noted in McKim, the only township studied in detail apart from the nickel

range. It is likely also that the bands and irregular areas of greenstone, partly por-

phyritic and partly without phenocrysts, between the Blue lake face of the nickel

eruptive and lake Wahnapitae belong to the same category. They are older than

both the norite and the granite, the latter having carried off great .strips and masses

.pf them, and are of the same character as the greenstones enclosed in the Laurentian

to the west and north of the nickel range.

Diabase Dikes

At the other extreme from the very ancient basic eruptives just mentioned, which :

are so far altered that their constituent minerals and in most cases even their original

Weathering of diabase, west of Sudbury. 1('

structures have been lost, we have comparatively modern and usually very fresh basic

rocks in the diabase dikes which intersect all the rocks of the district. The rock variei

from fine-grained or compact to coarse-grained in the middle of large dikes, and it

many cases it is highly porphyritic, flat plates of plagioclase .sometimes two inchei

in longest diameter being embedded in a fine-grained ground. The color is gray

weathering brown, and the rock is specially apt to form spherical shells and bf vildei

like masses on exposed surfaces. Thin sections show that the rock is an admirabl;

frefh olivine diabase.



»

1905 Eruptive Rocks 85

The dikes are of every dimension from paper thinness to 100 yards in width, and

they may have a length of several miles. In almost every part of the region which

has ben carefully studied south of the main nickel range, these dikes have been found,

and they appear to be particularly numerous in the neighborhood of the mines, per-

haps, however, merely because those parts have been the most minutely studied. There

are few rock dumps at the mines where the diabase is not to be found, and often the

dikes cut ore, country rock and norite in various directions. These dikes are specially

numerous and interesting at Creighton and Murray mines, where they cut the ore

bodies and have been chilled against the sulphides because of their better conductivity,

so that a glassy edge has resulted, while the contact against the rock is very fine-

grained but not glassy. At Creighton mine the great open pit shows dikes running 20="

15° and 35" west of north respectively, and two dikes meet on the north side of the

ore body, while another dike, on the southeast wall of the pit bends round so as to

become nearly liorizontal. A curious feature of these dikes is the well-rounded boulder-

like projection.s from them enclosed in the tre. These pseu<lo-bouldors are corirser

grained in the middle and compact or glassy in contact with the ore.

The great dikes near Murray mine having a strike of 125" or 130° have been

mapped by Dr. Barlow, who has followed them from the mine to Ramsay lake beyond

Sudbury, a distance of six miles.

Near Worthington mine also dikes are numerous, and a short distance to the

northeast near Totten mine an irregular hill of diabase crosses the narrow band of

norite. Large dikes are known also at Copper Cliff ; in the laccolithic band of norite

near Evans mine ; north of Chelmsford in the sandstones of the upper sedimentary

series ; in the tuff near Joe's lake and the Vermilion river, at the northeast of the

nickel basin ; and near the Blue lake ore deposits ; as well as at numerous other points

which need not be detailed. No dikes have been reported, however, from the Lauren-

tian to the west and north of the northern nickel range, but this may simply be because

that formation has attracted less attention than the others. The majority of the known
dikes are in or near the southern nickel range, which seems to point to some connec-

tion between them and the ore masses. They have nowhere affected the ore bodies,

however, beyond filling fissures in them ; and they clearly belong to a much later set of

phenomena than those connected with the coming into place of the nickel-bearing

sheet and its accompanying ores. It may be, however, that the great number of fissures

filled by the diabase dikes resulted in part at least from shrinkage due to the cooling

of the nickel eruptive and the rocks which were heated at its contact.

It is noteworthy that the directions of the dikes show no relationship to the north-

east and southwest strike of all the other rocks in the region, which usually have a more
or less perfect cleavage or schistosity parallel to the nickel ranges ; showing that the

compressive force due to the settling of the foundations after the nickel-bearing magma
had risen and spread out where we now find it, was then at an end.

Eruptives Compared as to Bulk
If we omit the "basal complex" of eruptives, mainly gneiss but with some un-

foliated granite also, as well as considerable patches of greenstone, the nickel-bearing

eruptive sheet far outweighs all the other igneous rocks of the region with its esti-

mated bi'lk of 600 cubic miles. In average composition it comes near to the mean
of eruptive rocks tne world over, the percentages working out as follows

:

Per cent.
Si O., 62.172
Al.> 63 14.6B1
Fes O3 1.112
FeO fi.753

MgO 2. 489
CaO 4.368
Nil.. O 3 .417

Ko 2.299
H;0 1.213
Ti O. 0.712
P, O; . 177
Mn O 0.10
Ni O Trace
S Trace
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Th© eruptives most immediately associated with it are the "older norite" and

related greenstones, and the finer-grained granites which lie parallel to it or form

dikes in the eruptive sheet ; and it is possible that these rocks are derivatives from

the original magma, the older norite having been separated and erupted before the

main sheet, and the granites after it. The porphyritic granitoid gneiss of the region

has probably no direct connection with the hearth of the nickel eruptive.

In volume the older norite and the later granite are infiiguificant when compared

with the great laccolithic sheet, each containing only a few cubic miles so far as

known.

However, there is in the region another mass of materials of eruptive origin, the

thick sheet of pyroclastic sediments called the Onaping tuff, including a number of

cubic miles of volcanic debris, which must have come from some source not far off,

poseibly at the time of the surface flows of the older norite. That the tuff is older

than the norite-pegmatite sheet underlying it has been shewn in a previous chapter.

An analysis by Prof. Walker gives this rock a composition somewhat more basic than

the average of the nickel eruptive, but not so basic as the norite at its outer edge.

There are, however, fragments of quartzite in the tuff which would increase the silica,

and on the whole th« rock seems quite different from either the nickel-bearing eruptive

or the older norite, more basic than the former and much less basic than the latter.

THE HURONIAN SEDIMENTS
The sedimentary rocks of the Sudbury district underlying the nickel-bearing sheet

are undoubtedly older than those overlying it, and have generalfy been considered to

belong to the Upper Huronian as hitherto defined in Canada equivalent to the Lower

Huronian according to the latest classification. Their relationships have never been

worked out in detail, since they contain no economic minerals to give them special

importance, and are exceedingly complex in their structure. As Dr. Barlow well says,

"In the first place all the rocks of the district have been greatly disturbed, so that
!

the originally horizontal strata are now tilted at very high angles, in some cases

having assumed a vertical attitude, and occasionally have even been overturned as

a result of the mechanical stresses to which they have been subjected. In some cases

and over extended areas the rocks have been so metamorphosed that the planes of

original sedimentation are more or less completely masked or even destroyed alto-

gether." In addition Dr. Barlow calls attention to the schistose structure and

cleavage crossing the bedding planes and the intrusion of eruptive masses through them

disturbing the original order of deposition. =9 To the difficulties shown in the above

quotation may be added the fact that faulting has taken place extensively all over the

region, resulting in crush conglomerates and breccias which still further confuse the

relationships.

The history of these sedimentary rocks is far from easy to unravel, but certain

facts stand out clearly. They are distinctly water formed sediments, and in my
opinion mainly ordinary elastics, sands and clays, and not to any large extent pyro-

clastics. They must have been once approximately horizontal, but they were greatly

disturbed during the elevation of the Laurentian mountains, whoso truncated bases

touch them at various points, being thrown into close folds between the Laurentian

areas ; and perhaps before that time they had been domed up over laccolithic eruptions < I

of norite older than the main eruptive sheet, and perhaps also by bosses or batholiths i i

of porphyritic granitoid gneiss of a different age from the Laurentian. Then came the j
i

vast disturbances before and during the formation of the nickel-bearing laccolithic 1

1

sheet, beginning at a remote time with surface lava flows and the raining dcwn of a

great thickness of tuff ; followed by the spread of 600 cubic miles of magma between

the older rocks under consideration and the later sediments. This climax of',

59 G. S. C. Vol. XIV, Part H, p. 62.
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tlio enipli\e operations was accoiiipanii'd by immeiiso faulting and settling oi the

older rocks througli the removal of molten material from beneath and the sprea<ling

out of the laccolithic sheet above them. With the settling of the sheet into a synclinal

form came the lateral pressure which developed slaty cleavage and schistose structure

parallel to the curved axis of depression under the syncline. Finally there was fet-

tling and shrinkage due to the ceding of the great eruptive sheet, causing m:iny

faults and fissures into which diabase could ascend.

When this complex history is kept in mind the difficulties of the stratigraphy are

not surprising.

As probably the oldest of the sediments the gray or greenish or flesh-colored rocks

variously called graywacke, quartzite and sometimes arkose may be taken up first. In

some places these rocks show little or no hint of stratification and have been so far

reconstructed as to look like fino-grained gneiss or granite or syenite, for which they

have at times been taken ; but the lowest part consisting of interbedded coarse and

fine materials often shows well developed stratification on weathered surfaces. As

suggested by Dr. Barlow, these darker rocks are bent into a syncline enclosing flesh-

colored arkose.

Qraywacke
As the oldest rocks of the region it is intended to describe first a series of well

straLi..ed rocks rangnig trom quartzite to slat«, usually including a good deal of

decayed feldspar and fine-grained dirty-looking materials as well as angular or rounded

fragments of quartz and a chloritic or sericitic substance. In many cases the rock

is very distinctly banded, coarser quartzose bands standing out while finer slaty bands

with lees quartz have weathered down as parallel furrows. These rocks have usually

not be3n so greatly re-crystallized as the overlying arkoses, '^hough there rre phases

looking like gneiss or mica schist ; and this fact with their characteristic appearance

of stratified sediments gives one the impression that they arc younger tha!i the felsitic-

looking arkoses. There are, however, transitions between the two rocks and they -

probably represent a continuous succession, the graywacke beitag the older of the two.

The graywackes as here defined have well-marked bedding and sometimes cross-,

bedding and other structures characteristic of wave action ; and rather rarely, rounded

pebbles of various kinds of rock are found interbedded with the finer materials. They

cover much more space than the arkose and present much more variety.

In the southwestern part of the district rocks of this kind show as hills and ridges

near Worthington and Victoria mine, accompanied by thick bands of slate and also

of quartzite as extreme phases, and one band of quartzite is pure enough to be worked

as material for the lining of converters at Victoria mine,3o containing 90 per cent, of

silica.

Some of the more slaty bands are impregnated with sulphidCiS and have rusty

surfaces which have attracted prospectors, but they contain only traces of nickel or

copper. The strike is generally about east and west, parallel to the basic edge of the

nickel eruptive, and near W^orthington a dip of 708 to the south has been recorded.

Green schist and greenstone are often interbedded with the slaty graywacke.

Near the church at Victoria mine a common phase of the graywacke is well illus-

trated, .showing an ice-planed surface of pale gray color slightly banded with darker

gray, and in parts covered with markings half an inch long, oval depressions with

a narrow ridge in the middle, probably pseudomorphs after staurolite. Small stretches

of fairly well stratified graywacke occur near Gertrude mine. Graywacke is widely

distributed near Copper Cliff and Sudbury also, with much the same features as near

Victoria mine. At Copper Cliff it is largely buried under the clay flat.s, but numerous

small hills rise above the drift, and narrow bands skirt the flanks of harder rocks.

soHixon. Eng. Min. Jonr., Dec. 29, 1904, p. 1022.
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such as the arkose west of the village and the laccolithic rauge of hills near Kelly lake.

The strike has hero changed to N. 40" to 75'' E., parallel to the general structures of

the rocks of the region, and the dip varies from 65" to verticality. In the village of

Copper Cliff the graywacke contains some patches of conglomerate which may be of

beach formation. The hills to the northeast of the village and in the neighborhood

of Clara Bell junction are largely graywacke, some parts near the latter point contain-

ing sulphides enough to weather very rusty. To the southeast of the range of arkose

hills which occupies the centre of the syiicliiic the graywacke with very pronounced

bedding occupies the lower ground and apparently extends from this east almost t'>

Ramsay lake, being cut off in that direction by a band of gabbro. Very good exposures

are found between miles 2 and 3 of the Manitoulin and North Shore railway, and east

of the C. P. R. station at Sudbury, the peculiar spotted variety formerly called "rice

r<Mk" occurring along the C. P. R.

Perhaps the most typical exposure of these rocks is to the north of Sudbury on a

steep hill which dominates the town. Here the stratification is very distinct, and
various interesting structures occur, cross bedding on a small scale and wavy projections

of a quartzitic variety into slaty bands. The road north towards Stobie gives fine

expo.sures of the same rock, which ends, however, before Stobie is reached, being cut

off by greenstone. In this part the strike ranges from 30" to 80" and the dip is not

far from vertical. The graywacke extends to the east also along the valley of Sudbury

creek between the gabbro of the laccolith ea-st of the town and the hills to the north,

but it is cut by dike-s or bosses of hornblende porphyrite and by a boss of granite just

within Neelon township. To the north of McKim stratification is not evident in many
places and as there is little of the slaty material, the hills in this direction should

perhaps be called quartzite or arkose, though without the pale flesh color usual in

these rocks elsewhere in the district. Where the strike is visible it trends about east

and west. West of this toward Stobie a mass of gray quartz porphyry is almost indis-

tinguishable from the quartzite enclosing it.

The most singular phases of the graywacke run for about 5 miles northeast and
southwest from near Copper Cliff almost to Stobie mine, parallel to the edge of the

nickel range but some distance to the southeast. Here the graywacke has been more

thoroughly re-crystallized than in most places and has the appearance eften of sericitic

or chloritic schist or even of fine-grained gneiss. Along most parts of the band of

altered graywacke, which is not more than a quarter of a mile wide at greate.st,

there are numbers of pseudomorphs after staurolite, which may even reach 5 or 6

inches in length. The elongated six-sided cross-sections and occasional twins of the

St. Andrew's cross type make the original nature of the mineral clear, though the

crystals are now completely changed to quartz in minute grains or a pale green scaly

mineral like talc or sericite. As the pseudomorphs are commonly paler than the rock,

or even white, the appearance is very striking. In some parts the crystals are crowded
in bands with spaces containing few crystals between them, the strike of the bands

differing from that of the schi.sto.sity; in cne case the crystals run 110 %vhile the

cleavage is 60°, and in another the two directions are 90° and 4.5". It is likely that

the stratification is indicated by the bands of crystals, the original beds having differed

in composition.

Close beside this very schistose variety there is a curious rock showing less change,

but containing the "eyes and eyebrows" of fine-grained quartz which have been noted

before ; and there are parts with smaller whitLsh spots of quartz not unlike those des-

cribed previously in certain hornblende schists.

The presence of later granite near by and the fact that the Frood-Stobie noritfr

offset runs through or beside this band of graywacke probably furnishes an explanation

of their altered condition.

From point to point a very narrow and broken strip of typical water-formed conglom-

erate runs near the altered graywacke from Frood to the hills beyond Stobie toward the

I'
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northeast. This was probably once a continuous stratum but is now pinched and faulted

into short separate strips, two of which occur in the village of Stobie and just east of

the mine. As the conglomerate contains large pebbles of granite, quartzite, greenstone,

green schist, etc., it is evident that it indicates a break in the succession, but whether
this is a basal conglomerate at the bottom of the Huronian or is of minor importance
in the series of sediments has not been determined. The thickness of the conglomerate

as exposed near Stobie is never over twenty feet, so that in magnitude it cannot be

compared with the great beds of basal conglomerate found in the typical Huronian
region or at Michipicoten.

Arkose

Between two irregular bands of the graywacke described above, sometimes sharply

separated from the lower rock, sometimes passing gradually into it, is a range of

rugged pale gray or flesh-colored hills consisting of arkose, beginning near Copper
Cliff and ending near Stobie mine. The hilk are not continuous but in a general way
run through the centre of the graywacke as if enclosed in a syncline of the latter rock,

though there is so much faulting and irregularity in the relations of the two rocks as

to make the matter somewhat doubtful. The arkose is so much harder, owing to re-

crystallization, that it resists the weather better than the graywacke, the latter often

forming the low ground beside the range of arkose hills.

Just west of Copper Cliff one such hill stands up from the clay plain with a

fringe of graywacke just to the east along its flank. No distinct stratification was

observed in the arkose though the graywacke close by is well stratified. The next

outcrop is a small sharp hill just east of the Copper Cliff rock house, sometimes spoken

of as syenite; though the rock is so fine-grained as to suggest fdsite. To the north

this rock becomes mingled with blocks cf stratified graywacke as if it were an eruptive,

so that the usual term is not to be wondered at. Dr. Barlow maps it as "regenerated

granite" (re-crystallized quartzite). Mixed with green schists, graywacke and a little

conglomerate, and more or less covered with stratified clay, the quartzite band extends

to the e'Sstward, growing wider to the west of Sudbury, where the two railways cross

it giving excellent sections. On the Manitoulin and North Shore railway two miles west

of the town the arkose has the look of fine-grained gneiss and is often sheared and cru.shed

into a conglomerate. Farther north along the Canadian Pacific railway the re-crystalli-

zation has gone even farther in places, and boulder-like patches in the rock are filled with

hornblende crystals. 3" This range of hills, which is in places half a mile wide, con-

tinues northeast beyond the C. P. R., but dies out before reaching the Frood mine,

though patches of the same rock are seen between Stobie and Blezard mines. Many
smaller strips and patches of similar arkose are found in the band of mixed green-

stone and graywacke lying to the northwest of this range of hills, and the contact of

the two rocks is often brecciated, as if it had been a zone of weakness where faulting

was specially active.

Arkose occurs on a still larger scale but of the same general character east of the

Sudbury district along the south shore of lake Wahnapitae and at other pointis.

Beside the more prevalent pale gray or flesh-colored rocks whicn contain a large

amount of feldspar, and so have been called arkose in the description above, there are

true white quartzites in the region consisting almost wholly of quartz grains more or

less cemented with silica ; but these occur only in small outcrops and do not • require

special description. The best localities are a small hill south of the railway between

Frcod and Stobie, and the north shore of Ramsay lake east of the boat houses. These

quartzites are closely like the widespread white quar*:zite of *he typical Huronian

region near Echo lake, etc. The hill of schistose quartzite west of Headquarters in

Garson township belongs to the same class.

31 Barlow, Ibid , p. 65.
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Slate

Thin layers of slaty material occur at many points interstratified with the gray-

wacke, but iu some places there are thick beds of slate, quite free from coarser layers,

so that they may be referred to as an independent formation. Beginning at the

southwest, slate is found about half a mile west of Worthington station, the cleavage

running 84° and the dip being SO* to the south. The rock is pale gray and somewhat

lustroKs and has a very perfect cleavage. A mile oast of Wortliington also gray slate

is found in railway cuttings with the slaty cleavage cutting the stratification at a

sharp angle ; and slaty bands of considerable width, sometimes rusty from the weather-

ing of pyrites, occur north of Victoria mine village. Slate occurs between Whitefish

station and the band of granite south of the nickel range, and evidently has a con-

siderable development in an east and west direction, since it is found at the falls of

VerniilioM river about two miles east of Whitefish where the Sault branch of the Can-

adian Pacific crosses the river. Here the stratification is well marked with a strike

of 80>^., while tlie slaty cleavage runs 50° with a dip of 8.j° to the southeast.

Slate and phyllite which probably correspond to those of the Victoria mines region

are found to the west near Massoy and AVebbwood outside the Iwundaries of the district.

The slaty rocks just described are always much more crystalline through the devlop-

mcnt c f spricite or chlorite than the black slate of the Oiiwatin formation belonging

to the sedimentary series above the nickel-bearing eruptive.

Middle Huronian (?) Graywacke Conglomerate

All of the sedimentary, rocks so far described belong probably to the Lower Huron-
ian, adopting the terms agreed upon by the international committee on the classifi-

cation of the Pre-Cambrian, but there is graywacke conglomerate in the region of a

quite difiFerent character from the graywacke interbedded with slaty layers hitherto

mentioned. The best exposure of the graywacke conglomerate is on the north shore

of Ramsay lake between the lake and the Sudbury laccolithic band of old norite. The
matrix of the conglomerate is dark gray and massive-looking, containing many small

fragments of quartz and a variable proportion of boulders and pebbles, the latter

being usually rather sparsely scattered. The larger boulders are commonly of granite,

but there are some also of quartzite, and many small ones of white quartz. Near a

small lake between Ramsay lake and the hill to the north there are large fragments

of the stratified graywacke enclosed in this rock, which hardly shows any trace of

stratification ; but there has been so much faulting and cru.shing in the region that

the blocks of supposed older rock may have reached their place by those means and
not by process of sedimentation. At a small point on the north shore of Ramsay lake

there are suggestions ot a basal conglomerate overturned, so that the older rock is

now uppermost, and the crowded granite boulders of the younger one are beneath it,

but here again there is some doubt as to tjie relation of the two rocks. AVe may assume
however that the inclusion of numerous quartzite pebbles, often of pale flesh color,

implies a later ago than the Lower Huronian, which so far as we know is the only

source of these pebbles.

In our own work only this small area, two or three miles in length by half a mile

in breadth, is known to belong to the graywacke conglomerate, but ver,v similar rocks

occur on a large scale near Kokogaming lake east of Wahnapitae and in other parts

of the Huronian.

UPPER HURONIAN OR ANIMIKIE SEDIMENTS

The series of sedimentary rocks, referred to earlier in this work as the Trout lake

conglomerate, the Onaping tuff, the Onwatin slate, and the Chelmsford sandstone,

resting on the basin-shaped sheet of the nickel-bearing eruptive, are probably of

Animikie age or according to the latest classification. Upper Huronian. There is little

doubt that before the eruption of the laccolithic sheet these sediments were nearly
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horizontal and rpsted on the folded and truncated edges of the Huronian and Lauren-
tian rocks below, though few undoubted pebbles of any other Huronian rock than
quartzite have yet been recognized in them. The common granite boulders and pebbles

of the basal conglomerate may well have come from the Laurentian, though they may
include other granites also.

Trout Lake Conglomerate

The rock immediately overlying the acid or upper surface of the eruptive sheet

is always a conglomerate, often very coarse, containing pebbles and boulders of granite,

quartzite, etc., clearly an ordinary basal conglomerate. This passes up into quartzite

or cherty rock, often brecciated, and sometimes into a dark gray rock, which may be

called graywacke, all containing some pebbles like those of the conglomerate. The
width of the basal conglomerate varies from a few feet to more than 2,000 feet, and
at 30° dip, the average thickness of the conglomerate and associated aqueo-clastic

sediments has been worked out at about 450 feet.

The base of the conglomerate is always powerfully metamorphosed, often to such

a degree that the boundary of the acid eruptive is hard to trace. The matrix of the

conglomerate is changed into felsitic-looking material very like the finer-grained parts

of the micropegmatitic granite, and the pebbles or boulders enclosed in it have very

vague edges, though one can usually distinguish them as coarser textured spots, and
thus decide that the rock is really conglomerate. In many places along the southeastern

margin the rock has been squeezed or sheared into schist conglomerate with the pebbles

greatly flattened and a matrix often like mica cr chlorite schist. The finer-grained

sediments above the conglomerate proper have been much less changed, but still show
signs of silicification, rendering them often very resistant.

In the detailed account of the nickel-bearing eruptive the acid edge has been

described as always in contact with the Trout lake conglomerate, which it has pene-

trated more or less from beneath and greatly metamorphosed. In that connection the

distribution of the conglomerate has been referred to, so that Jt is not necessary to

recapitulate the points at which it is found. It will be sufficient to say that next to

the acid edge round the whole inner rim of the nickel eruptive the conglomerate is

known to exist as a band varying from a few feet to more than half a mile (south of

Gordon lake) with an average of about 1,000 to 1,500 feet. Good exposures are met
between Vermilion river and Gordon lake, south of Windy lake, on the north shore

of Whitewater lake, south of Trout and Joe's lakes and near Garson lake. The band
is unusually narrow north of AATiitson lake. It is noteworthy how often the line of

contact between the acid edge and the conglomerate crosses lakes, the very accentuated

topography favoring the formation of lake basins.

Onaping Tuff

Resting on the water-formed sediments of the Trout lake formation, and with

transitions between them, is the Onaping tuff, a thick sheet of pyroclastic sediments

mingled with varying amounts of pebbles or boulders of granite, quartzite and chert.

The volcanic ash and lapilli are angular and now consist largely of serpentine and

chalcedony. No clear evidence of stratification has been found in this series of rocks,

which range from hard, almost flinty materials standing up as sharp hills, to soft slaty

forms verging towards the true slate of the next formation. It may be that the flinty

variety, which lies immediately upon the Trout lake rocks, has been solidified with

silica brought by circulating water from the acid eruptive; while the upper part not

being thus consolidated has yielded to pressure and taken on the slaty cleavage.

The thickness of the tuff is hard to determine sharply because of its blending up-

wards into the Onwatin slate, but assumina the boundary to be the low hills facing the

valley occupied hy the slate proper, we find an average thickness of 3,800 feet.



1905 The Huronian Sediments 95

Much of what has been said of the distribution of the conglomerate will apply also

to the overlying tuft. It forms an oval band from a mile to a mile and a half wide

round the whole Ijai-in, but is separated from the acid edt;e by the conglomerate into

which it appears to merge, more and more ordinary sedimentary material coming in

toward the base until the majority of the constituents are water-formed elastics, and

the transition to the Trout lake formation is complete. The edge of the pyroclastic

sediments toward the nickel eruptive, like the underlying conglomerate, is generally

hardened by the action of the fluids from the acid edge and so stands up as sharp

hills, but the softer inward edge sinks away into the low ground and is largely covered

with drift. Perhaps the best exposure for the study of the tuff is along the railway

east of Onaping, though here the softer phase is mostly hidden. Good sections are

afforded on the road from Trout lake to Azilda, especially on the north side of the

basin, and along the southern side of the basin in Capreol and Hanmer townships.

At several points the tuff has been found to contain small deposits of sulphides,

especially zincblende and galena, but never on such a scale as to be of economic import-

ance. Such deposits are known at points to the north of Fairbank lake and along the

same side of the basin toward the east, but the largest visited by us was a little east

of the south end of Trout lake in Bowell township, where a 1( cation (W D 252, sometimes

called Prue's mine) has been taken up, and a small shaft sunk showing quartz with

zincblende, galena and a little copper pyrites. A dark gray basic eruptive rock occurs

beside the shaft and its eruption probably influenced the formation of the small ore

body. Pyrites is very commonly found scattered in small particles through the tuff, as

near the high falls of the Onaping river, sometimes in such amounts that the surface

weathers rusty ; and there are places near the northeast corner of Creighton township

where considerable veins of quartz with pyrites have been taken up as gold mines,

I but hitherto with no success.
1

Onwatin Slate

The black, carbonaceous slate is soft and has generally weathered eo far as to be

5 covered with Pleistocene beds ; but it occasionally forms low hills, as near the east

end of Vermilion lake. It has a very perfect cleavage, and the stratification, as indi-

cated by darker bands, is cut by it at high angles. Its thickness may be fixed at

3,700 feet on the average, that being the space separating the tuff from the sandstone.

The softer phase of the Onaping tuff merges on its inner side into the black slate,

which forms a third band running round the basin, usually, however, occupying the low

ground and very often hidden by old lake deposits. It is best studied in the river

valleys, especially along the Vermilion river from Vermilion lake east and south. Just

below the exit of the river from the lake a range of low ridges of slate occurs on both

sides, one of the few points where this rock rises as independent hills. At Stobie falls

the river, which has hitherto run parallel to the strike, turns southward across it,

causing two small falls. Apparently the slate at these points has been more or less

shattered and the fissures have been filled with quartz and sulphides giving it greater

resisting power than elsewhere. A small shaft has been sunk on one of these deposits

of sulphides just where the river turns sharply southward, but so far as known no ore

of value was found.

The most interesting feature of the black slate is the large amount of carbon con-

tained by it, amounting to from 6.8 to 10 per cent, according to analyses made iu Df.

Ellis' laboratory in the School of Science. In lot 10, con. I, of Balfour township, a

little north of the bend of the Vermilion a vein of anthraxolite or anthracitic carbon

was found in the slate in 1896, giving rise to the hope of finding coal in the region.

An examination showed that an irregular vein ran about north and south up a hill

of slate having a length as far as exposed of 70 feet and a width of 12 feet where

widest. The walls are very uneven, and large horses of slate occur in the anthraxolite,

which would not average more than six feet in thickness. Diamond drilling has shown
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that the deposit goes to a depth of at least 100 feet, so tliat some thousands of tons

of the anthracitic material may exist in the vein. Originally the anthraxolite entered

the fissure as bitumen which gradually lost its volatile constituents and became changed

to the present hard coaly material having nearly 95 per cent, of fixed carbon, an

analysis of the purest specimens giving the following results

;

Per cent.

Carbon 94.92

Hydrogen 0.52

Nitrogen 1 .04

Sulphur 0.31

Ash 1.52

Oxygen 1 .69

100.00

It will be seen that this contains more fixed carbon than the best anthracite ;33

and in hardness and slowness of burning also it goes somewhat beyond hard coal. In

losing its volatile constituents the bitumen contracted greatl.v, forming small lustrous

fragments, often cubical, and seldom more than half an inch in diameter ; and later

quartz and a little pyrites were deposited in the spaces, so that the average material

contains from 25 to 45 per cent, of quartz, diminishing greatly its value as fuel.

The adjoining slate has a strike of 60° and a dip of the cleavage varying from

55" toward the south to the vertical, the cleavage being oblique to the stratification,

which dips to the northwest.

Xorth of the east end cf Vermilion \a\ie part of the slate is very carbonaceous, soiling

the hands, and here also an attempt was made to find coal. The rock dump shows a

great amount of slickensided fragments having a perfect polish as of graphite, evi-

dently resulting from brecciation and faulting. Somewhat north of the anthraxolite

vein mentioned above on lot 2, con. II, of Balfour township, Mr. William McVittie has

sunk a diamond drill hole for 1,000 feet without any other result than to prove that

the slate goes to at least that depth.

Not far from the anthraxolite deposit zincblende with some other sulphides have

been obtained from the slate or from the slaty edge of the tuffs, but the amounts

are too small to justify mining. At the east end of Onwatin lake, from which the

name of the slates has been derived, a pit has ben sunk upon a mass of p.Trites with

the idea that it was nickel-bearing, but with no results of importance. Evidently the

shattering due to earth movements since the nickel eruptive reached its plnce hr-s

caused many fissures, some of which have been filled with molten rock, forming the

diabase dikes, others with pitchy materials forming anthraxolite, probably derived from

the enclosing rocks charged with hydrocarbons, and still others filled with, zincblende,

pyrite and other sulphides with a little quartz as a result of circulating water. Ap-

preciable quantities of nickel or copper apparently do not occur in the sulphides

deposited in the slates.

Chelmsford Sandstone

The uppermost rock of the series is distinctly marked off from the slate below,

though a few bands of slate part the thick beds of sandstone and bring out prominently

the bedding of the formation. The sandstone, where it rises above the plain, forms

a succession of gentle anticlines, usually four in number, running parallel to the axis

of the main syncline. i.e., about 50^ to 80^ east of north. The synclines between the

anticlinal hills are always buried under stratified lacustrine deposits or under swamps,

33 Bur. Mines. 1896. Anthraxolite or Anthracitic Carbon, by A. P. Coleman and W. Hodgeon
Ellis, pp. 159-166.
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so that a complete fold is never seen. In almost all cases the top of the anticline ha£

been destroyed, and often narrow, sharp, outlying ridges run parallel to the central

hill, ruins of former upper beds of the anticline. In size the anticlines vary consid-

erably, the longest mapped having a length of '2S miles and a width of about a quarter

of a mile, while the next to the northwest is only a mile long and "GO feet wide. The

slopes of the folds vary from 20° or 25" to i5° or 50*^, and the present height of the

hills is seldom more than 150 feet above the plain formed by the old lake deposits.

However, in cro.ssing these anticlines one usually finds a more or less steep hill fol-

lowing the bedding and then a .sharp break with a nearly vertical cliff of '> to 15 feet,

where the stratum has been destroyed. Then conies another ascent of gentler slope

along the next .stratum with perhaps a smaller cliff; and at last a gently rounded

surface on top of the arch ; the opposite side being of the same nature but reversed.

The sandstone occupies the centre of the synclinal trough, running from the west

end of Vermilion lake to the east side of the towns'iip of Hannier. a distance of 13

Anticline of sandstone, west of Chelmsford.

miles, with a width of about three miles. It is probable that it really extends about

8 miles farther toward the northeast, but that part of the basin is covered with old

lake deposits. In general the sand.stone does not form a continuous area, stretches of

flat farm-land or of swamp separating the anticlines, or their ruins from one another.

No attempt has been made to map the numerous small outcrops of sandstone where little

ridges representing remnants of elongated domes rise a few feet above the soil with a

isteep face toward the centre of the ridge and a gentler slope outwards.

The road from Larchwood to the west end of Vermilion lake touches several of

hese outcrops and in one place runs for some distance along the nearly flat surface

jf an anticline; and in canoeing up the Vermilion from the lake toward Larchwood

several small outcrops represent the bases of anticlines which have mostly been des-

royed.

7.M (in)
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The neighborhood of Larchwood presents one of the best places to study the sand-

stone, sections being presented by wagon roads, the railway and the river, which here

flows first parallel to the strike along a syncline to the railway bridge, where it turns

southeast across the strike of a broken anticline, forming two falls, and then south-

west again along the strike.

The sandstone is medium-grained with particle.s of quartz and of mica visible, as

well as some feldspar, so that it might be called arkose. It is not very strongly

cemented, is dark gray on fresh surfaces and paler gray on weathered ones, and fre-

quently contains large oval concretions richer in lime and iron than the rest of the

rock, so that they might be called impure ferruginous limestone. The large concretions

weather out and leave shallow holes which give a very characteristic look to some of

the flanks of the anticlines. The beds are from two to seven or eight feet thick, and

often a thin seam of slate, less carbonaceous than the slate below, occupies the break

Southern edge of anticline, west of Chelmsford.

between two strata. Occasionally this slaty part of the rocks has been greatly

crumpled and thickened at some points, probably while the harder sandstone under-

went folding.

Between Larchwood and Chelmsford the railway runs mainly on a clay plain and

seldom cuts the sandstone, the route having been chosen so as to avoid the anticlines,

but both to north and south ridges a mile or two long and from .50 to 150 feet high

rise above the plain with .slopes ranging from 20" to 4-5°, The wagon road between

the two places, running south of the railway, crosses several of these ridges but lies

to the south of the Chelmsford ridge, one of the most extensive ones which has beeni

rather carefully studied, and may be taken as typical.

It begins just west of Chelmsford with the appearance of a dome, small buttresses

of sandstone rising a few feet above the clay with slopes of 15° to 18° toward the north,

northeast, east and southeast. A little beyond Chelmsford creek and south of thej

railway the dome rises completely above the clay and has been quarried for buildini

stone. The cleared surface shows shell after shell of gently rounding beds slopi:

toward the plain, but to the southeast a gap has been cut out of the anticline so thai

7a M (III)
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a small bay penetrates the outer edge from the plain. The end of the anticline is

.slightly double, a very gentle depression separating a higher part to the northwest

from a lower swell to the southeast. Beyond this point the anticline rises with a

broken top to the height of from 7o to 12o feet or a little more, and keeps this height

arid a width of about 600 yards for about a mile, when it sinks somcwiiat irregularly

with a dome-like form into the plain. The direction of the anticlinal axis is Go**, the

length is 2^ mileK and the width, if Ihe outer remnants of strata which have been des-

troyed are counted in also, of about one^-half mile. If the crest of the anticline were

completed from the outer remnants with the average dip of 18° or 20" at the edges,

the height would be about 350 feet above the plain.

Another anticline to the north of the railway is on a much smaller scale, but with

steeper slopes, having a length nf about a mile, a brea<ltli of 700 feet, and a height

Wesfside anticline ol sands^toue on N'oriniiioii river. Larch

f 80 feet, with a dip of 36" to the southeast and of 26" northwest. If it were com-
leted its height would be about 125 feet above the plain.

An anticline at the Larchwood railway bridge has steeper slopes .still, one side
ipping 43'^ northwest into the river, the other 44° southeast under drift. It is 730
let wide where the section was made, and if restored would have a height of about
)0 feet above Vermilion river. As fully half of the folds from trough to crest is

iried under the clay, we may suppose them to measure 400 or 500 feet in total height.

Ir order to give a complete idea of the structure of the sandstone area a section

vs been made across the whole width, but it was found necessary to make a jog of

ilf a mile in one place and of a quarter of a mile in another so as to avoid large
I'amps. It is believed, however, that the section as worked out gives the general re-

tion.ships correctly. In all, four anticline.s are found, the two which have been des-

ibed a little west of Chelmsford and two somewhat wider ones toward the

''

m
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northwest, the last one, however, seeming much less regular than those to the south-^

«ast. Much more of the surface is covered with drift towards the southeast than towar

the northwes^t, a7id the rugged sandstfne ridges on the latter side are uncleared an

not so easily studied as those rising out of the fields.

After the lajst fold on the northwest the sandstone dips gently toward the south-]

east with small cliffs facing in the opposite direction, and is underlain by the Onwatial

slate. On the southeastern side of the folded central region there is a similar attitude;

of the beds, but the slate is not found, so that evidently the lower part of the series*

is buried. The contact of the sandstone with the slate is even better shown on the

road from Larchwood westward, the slate at that point dipping 20*^ to the southwestji

under the sandstone. The dip of the sandstone near the hotel at Larchwood, about one(j

eighth of a mile from the contact with the slate, is 42*^ to the southwest, and the

thickness has been worked out as 350 feet.

To the northeast of Chelmsford sandstone ridges covered with woods continue some

distance north of the railway to the east side of Lumsden township, where they are

well exposed on the road from Azilda to Trout lake, rising first above the clay a little

north of the line between Rayside and Lumsden townships, as a small ridge striking

northeast and dipping 10° to the northwest. There is a clifE of 15 feet facing south-

east, and this outcrop may be part of the first anticlinal ridge, the rest not rising

above the clay. After three-fourths of a mile of swamp another anticline is reached (

toward the northwest, having a strike of 75° and a dip o*^ 2f^° toward the southeast j

with a corresponding dip in the opposite direction.
'

The sandstone continues a mile or two farther to the northeast, and the anticlinal i

hills extend for about the same distance along the strike, beyond which plains of clay
{

and sand cover the rock, so that the northeastern end of the sandstone area cannot be
j

exactly determined.

SOURCES AND FORMER EXTENT OF THE SEDIMENTS

The sources of the materials of the sedimentary series are not easily explained

in all cases, though the granitic pebbles and boulders of> the basal Trout lake con-

glomerate no doubt originated in the underlying granites, especially the Laurentian;i

and the sand of the quartzitie layers may have been supplied by Huronian quartzite.

The cherty ingredients of the upper layers may have been deposited from solution like

those of the Animikie of the west.

The water-formed sedimentary materials mixed with the Onaping tuff also ar«

easily accounted for, as they are mainly granite, quartzite and chert; but the volcani( ''

centers from which the explosive eruptions of ash and lapilli took place remain undis

coverable. The thickness of the tuff, estimated at 3,800 feet, and the area, of about

200 square miles covered by it, if continuous beneath the slate and sandstone, indicatiJ'

a total amount of perhaps 130 cubic miles of material still preserved, and this woul(

be increased greatly if we imagine the tuff extended so as to cover the whole area o

the laccolithic sheet, which was no doubt the case in the beginning. An analysis of :

sample from north of Whitson lake by Prof. Walker indicates a composition not unlik

the average of the basic and acid portions of the nickel eruptive, and it is conceivabl

that the tuff may represent an earlier eruption from the same magma, actually reachin

the surface in volcanoes. Until some trace of the bases of old volcanoes is discovered th)

must, however, remain doubtful. Whatever the origin of the volcanic materials ma
have been they seem to have dropped into the sea and to have been mingled wit i

waterworn fragments of non-volcanic rock.

The Onwatin slate may be looked on as ordinary mud mingled with organic ma'

ter, probably coming from marine plants or animals; and the Chelmsford sandstol|

us largely arkose which mav have resulted from the decav of adjoining Archean lam

The former extent of the sediments must have been much greater than the presenB..

but there is very little evidence of similar rocks from the surrounding districts. Tin

I



1905 Pleistocene Geology 101

only outside example of the tuff, so far as known, is a small patch near Bear lake, and

the other rocks of the series have not been found with certainty anywhere in the

region. Apparently the soft sediments have been lestroyed everywhere beyond the

protective wall of the acid edge of the eruptive and oi the metamorphosed base adjacent

to it.

Probably the most nearly similar formation elsewhere is the Animikie at Port

Arthur, where black slate, chert and arkose-like rocks sometimes called quartzite occur,

but the basal conglomerate there is thin, and there is nothing that suggests explosive

volcanic eruptions such as formed the great sheet of vitrophyre tuff.

PLEISTOCENE OF THE SUDBURY DISTRICT

Glacial Action

The ^rioiogical record of the Sudbury region, as shown in the solid rocks, ends in

very ancient times, certainly not later than the Cambrian, and from that age to the

Pleistocene no deposits are known, probably because the land remained above sea level.

A vast amount of erosion must have taken place as shown by the cutting down of the

more than 10,000 feet of sediments which once spread more widely than the present

area of the nickel-bearing eruptive.

The thick sheet of residual materials which must have resulted from this prolonged

period or weathering and erosion has been completely swept away or worked over by

various agencies in the Pleistocene. Like all of northern Ontario, the Sudbury district

shows the effects of glacial scouring in the bare and usually rounded rocky hill tops,

covered with striae where the rock has not suffered from post-glacial weathering. The
usual direction of the ice motion is from N. 30° to N. 4.5'', but in a few places more
than one set of striae are to be seen ; as near Copper Cliff, where later and less incised

striae run N. 15°, and at Chelmsford where the usual scoring having a direction of

;N. 4n° is crossed by later ones running from N. GO" to N. Go" It is probable that these

divergent striae are due to local ice currents caused by the shape of the hills and do

not indicate the work of later ice sheets coming from a different direction.

There are parts of the region where cliffs facing northeast have not suffered much
rounding, as if the ice pressure had been unequal, but in general the direction of the

ice movement was not far from parallel to that of the strike of the ridges, so that great

abrasion can hardly be looked for. The low but sharp edged cliffs of the interior sandstone

ridges, for instance, run from N. .50° to N. SO'^ as a rule, so that the ice advance if

not parallel was only slightly diagonal to them.

I

Certain of the rocks, such as the basic edge of the nickel-bearing norite, crumble
itoo quickly under the action of the weather to preserve ice markings or even roches

moutonvees forms; but it is rather surprising to find how often the ore bodies akn";

offsets from the norite rise as gossan-covered hills which have resisted ice erosion, as

at Copper Cliff, Evans mine, Stobie mine, etc. It may be noted also that perfectly

fresh surfaces of pyrrhotite, polished and grooved, were disclosed at Creighton mine
when the covering of till was stripped off. It is evident that boulder clay almost her-

Lmetically seals the surfaces on which it rests.

I Boulder clay and sandy varieties of till occur in many localities in the region,

"sspecially on the lee side of hills or ridges, but they canpot be traced as a continuous
sheet as in southern Ontario, no doubt because this part of the area covered by the

Labradorean ice was near enough to the centre of accumulation to be much more
tieavily loaded than farther south, so that the erosive and transporting work of the
ce. sheet was more effective than towards the edge where it was thinned by melting.

During the retreat of the last ice sheet morainic ridges were left in many places

md erratics and perched boulders are common in various parts. No moraines have
)een traced in detail, the nature of our rock in this wooded and difficult country
naking that almost impossible; but morainic accimiulations were found to be specially

;ommon near the northern nickel range.
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Morainic ridges and kettle ponds occur to the southwest of Windy lake, and a long

csker, Lcginiiin? on the peninsula which projects into the lake on its southwest corner,

runs northeast along the basic edge of the nickel-bearing eruptive for about six miles

toward the valley of Onaping river.

Bouldery moraines and glacially dammed ponds are found just east of Sand Cherry
creek in the north part of Morgan township, and sharp ridges of boulders run for

about three miles east from the northwest corner of Lumsden township, evidently a

moraine. A similar moraine is crossed by the portage between Frenchman's lake and
Joe's lake in the southern part of Wisner township ; and coarse morainic materials

are found for considerable distances to the west of Hutton township some miles to the

north of the nickel range.

Kame deposits are frequent, as at the gravel pit just west of the town of Sudbury,

where irregularly .stratified sand, gravel and boulders rest on a beautifully carved and
scoured surface of quartzite.

Kettle Lake in drift, near .McDonald's canii>, Fakunbridge township.

The combined action of ice and water is excellently shown in the wide plains of

sand and gravel with some morainic and kame-like hills and ridges at the east end of

the southern nickel range, from Headquarters toward Blue lake and Wahnapitae,
where there are several kettles of various dimensions, some empty but others occupied

by a pond or lake. As this region consists largely of lake deposits, however, it" will

be referred to more at length under that heading.

Lake Deposits

When the last ice sheet (Wisconsin?) retired from northern Ontario the drainage

of the region was towards the Mississippi, and in the earlier stages the area of the

great upper lakes was largely covered by lake Warren. In the later stages lake

Algni'quin was the representative of the upper lakes, emptying mainly by way of
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Niagara, but for a time through the Trent valley, into lake Iroquois, whose outlet

was through the Mohawk valley into the Hudson.

The beaches of lake Warren are probably the highest in the region, reaching 1,100

or 1,200 feet above sea level along the northern nickel range, and even 1,400 feet within

40 miles to the north, as at Meteor lake.

Cartier, somewhat to the northwest of the nickel region, is built on a gravel

terrace 1,3G7 or 1,398 feet above the sea, representing the highest lake deposits in the

district along the line of the railway, except a gravel flat near Geneva lake, 4 or 5

miles beyond, which reaches about 1,400 feet. No beaches as high as these have been

found in the nickel region proper, but along the northern range somewhat lower ter-

races occur at many points, often three in succession. The following table gives the

elevation of most of the terraces known in the Sudbury district:

Feet.

Meteor lake—sand and gravel terrace 1,420

Geneva lake—gravel terrace 1,400

Cartier—gravel plain, (1,367 from Montreal), 1,398 (from L. Sup.)

Lake expansion of Spanish river—gravel plains 1,335

Muskegogema lake—gravel plains 1,316

Near Onaping, Windy lake—gravel plain 1,216
" Moose creek—gravel plain 1,110
" Onaping siding—sand plain 1,057
" Plielan's siding—sand and gravel plain 927

Trout lake in Jlorgan township—gravel plain 1 123

Island creek—gravel plain 1,163
" lower terrace 1,057

Trout lake in Bowell township, and region to south:
" between Trout lake and uext lake ... 1,216

south of 2nd lake—gravel flat 1,160

1,110

North of Vermilion river—sand pin in 950

Terrace along river—sand plain 926

Rayside or Azilda—clay plain 881

Hutton township, Osborne's camp—gravel terrace 1,090

Upper Vermilion river, Gordon's placer claim—gravel terrace 1,047
" " west of Bronson lake—gravel terrace 1,060

970
" " Dawson—main .'^ravel terrace 958
" " One mile ea.st of D.iwson—bouldery terrace 9^0

North of Onwatin lake on Dawson Road—terrace 1,000

South of Onwatin lake—sandy plain ..., 900

Near the southern nickel range

:

North of Fairbank lake—gravel terrace 1,050

North of Worthington—clay plain 775

Near Sudbury and Copper Cliff, north of smelter—sand t«rrace ... 934

Cemetery north of Sudbury—gravel terrace 877

Clay flat 850

Headquarters, east side of Garson township—sand plain 1,080

Many other terraces and flat plains of clay, sand or grave! were observed, but
owing to weather conditions or length of absence from a bench-mark my aneroid read-

ings seemed too uncertain to be relied upon. In the above table heights determined
by aneroid are given in the nearest round number ; other elevations, mainly determined
by hand level from railway bench-marks, are given more exactly. As the hills along
the n^rth^rn nickel rano-e rise, ns n rule "200 or .^00 feet hi'^her *^han along '"h'> snutherii

range, there were more opportunities to record the higher beaches there. Still farther
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to the north near the watershed between the great lakes and the rivers fl'^wiiig into

Hudson baj' there is a broad tract of stratified sand and gravel with numerous kettle

lakes at about the level of Meteor lake (1,400 feet).

In a general way one may say that the highest terraces, say those above 1,200 feet,

belong to lake Warren, and the lower ones down to about 900 to lake Algonquin. Still

lower gravel terraces may belong to some intermediate stage between it and lake

Nipiv<-sing. Until the connections have been worked out it must, however, remain un-

certain just where a given terrace should be placed in the series of old lakes from

Warren downwards. As lake Nipissing is only 648 feet above sea level, and the level

of old lake Nipissing was not very much higher, it is evident that none of the water-

levels of the Sudbury region belong to it, all being considerably too high.

In the highest stages of lake Warren the basin enclosed by the nickel ranges was

completely submerged with only the higher hills along the northern edge standing

above water as a low rocky shore or as small islands. At this time indeed most of the

basin may still have been occupied by ice; but as the ice front retreated the region to

the northeast was rising, so that the enlarging wafers of the lake stood relatively

lower and lower here towards its northern end, forming the succession of terraces

mentioned.

By the time when lake Warren was drained to the lower level of Algonquin the

water had so far fallen that the interior of the basin became a bay completely enclosed

except at a few channels opening southwards across the southern nickel range, as along

the valley of Vermilion river.

While the broad gravel plains were being constructed at the higher levels sand was

being deposited in the shallow water and silt and clay in deeper parts, forming the

flat plain of clay and sand standing at levels between 750 and 900 feet, affording several

townships of good land now largely taken up by farmers. In general the vallej's of the

rivers and creeks are cut more or less deeply into these deposits showing finely strati-

fied clay often covered with a few feet of yellow sand. Alomg the watercourses sand

prevails for a few hundred yards or half a mile, but inland from the streams clay

is found. These deep-water deposits are often quite thick and fill up all depressions

in the older rocks to a common level out of which the steep walled hills rise suddenly

with very little talus to blend their slopes into the plain. The contrast in coming from

the excessivelv ri'gtred ard precipitous hills formed by che acid ed<ie of the nickel-

bearing eruptive and the hardened conglomerate and tuff to the plains of clay near

Azilda or Chelmsford is very striking.

The depth of the stratified clay has seldom been determined, but in one case,

north of the railway at Azilda, a well was driven to a depth of 105 feet without touch-

ing rock.

It is probable that the retreating ice occupied the region east of Headquarters

for some time toward the end of the series of Warren water levels, and the stagnant

ice of its edge frequently got buried under shore deposits of sand and gravel, to thaw

at a later time and leave the irregular basins which are called "kettles." These have

walls of sand or gravel as .steep as the materials will lie with a fairly flat marshy floor

drained through some pervious layer or a lake, often with no apparent outlet. One

of these basins on the road to lake Wahnapitae is three-quarters of a mile in length

by a quarter of a mile in breadth, and 165 feet deep. Part of the bottom is occupied

by a pond said to be 60 feet de«p.

The source of the materials for the large gravel plains along the northern nickel

range and farther north toward the height of land is to be found probably in glacial

gravels of a kame-like character which the waves of the great lake at the front of

the ice distributed as they were brought down by th° sub-glacial rivers, which have

left behind esker ridges in various places.
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Distribution of Lake Deposits

The lacustrine clay which includes most of the farm land of the Sudbury region

has almost the flatness if not the extent of the prairies, and covers not alone large

tracts in the interior ba^sin but also to the south of the nickel range. In the interior

basin clay land suitable for farming begins along the shores of Vermilion lake in the

north half of Fairbank township, fine groves of maples and other deciduous trees

occupying a mile or tw'o along the northwest side of the lake on low land of a silty

nature. To the east the flat clay plain with some ridges of slate rising through it

extends to the southward bend of the Vermilion river and as a narrow band along the

river valley to the fall.s (17 feet) in the .southeast corner of Creighton township, and

Farm land, Azilda ; from cliff of Acid Eruptive.

then to the north shore of Whitewater lake, where it projects some distance into the

acid edge of the nickel-bearing eruptive beyond Rayside or Azilda. The two southward
extensions of the clay occupy parts of two low passes in the southern rim of the basin,

the exit of Vermilion river, which carries the whole drainage of the basin, being of

course the lower of the two, having a level of about 800 feet above sea level.

The southern clay band then turns northeast throiijh parts of the townships <f Ray-
side, Blezard, Hanmer and Capreol, in the latter township becoming silty and sandy, but
still affording good land now being rapidly taken up by settlers. At the southeast end
of Capreol the loamy plains give place to glacio-lacustrine plains of gravel with kames
and moraines and kettle holes, as mentioned earlier, unfit for farming ; and to the

northeast rise the hills of the acid edge.

To the northwest of the clay belt just referred to good land extends into the

southern half of Dowling, here becoming more sandy in iharaoter until it merges into .

the sand and gravel plains alon,? the nort'iwestern niaigin of the basin. Except for

anticlinal ridges of the central sandstone there is good clay soil from Larchwood to

Chelm.sford and on northeastwards to Hanmer township. Along the Vermilion river
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and to tlie north of it the lowland consists mainly of useless sand and gravel plains

with stony gravel terraces in the openings of the hills along the acid edge of the

northern nickel range. The villages of Chelmsford, Larchwood, Azilda and Blezard

Valley are growing up as prosperous centres for the farming region.

South of the nickel range the areas of good clay land are more scattered and of less

extent, owing to the more resistant character of the Arcliean rocks as compared with

tLe sediments of the interior basin. A considerable number of farms extend from

Sudbury north to Stobie and northeast into Garson and Neelon townships ; but farther

northeast the land becomes sandy and passes sinto gravel plains near Headquarters.

There are small areas of good soil southwest of Sudbury along the Sault branch of

the Canadian Pacific near Copper Cliff, Naughton, Whitefish, Worthington and other

points, each occupied by a few farmers ; and there are still wooded tracts of rolling

clay land to the north of the railway in various places suitable for settlement.

More or less good land extends along the Icwer ground adjoining the Sault line to

Lake Huron, Sault Ste. Marie and Goulais bay on Lake Superior; but this goes beyond

the district now under consideration. In these western regions as toward the east, one

finds the low-lying clay rising toward the north and becoming mixed with sand, end-

ing with sand and gravel terraces along the rocky hills which rise a few miles from

the shore of the lake.

Gravel Plains and Terraces

Gravel plains, or flats of sand and gravel, extend between the Archean hills far

to the northwest of the Sudbury district, and have been put to use by the Canadian
Pacific railway, which always locates its sidings and stations on such plains if possible.

Within the limits of our map such plains exist near Geneva lake, at Cartier, at Windy
lake siding and at Phelan's, the last point being within the basin here described. The
gravel plains around Fhelan s and Unaping extend northwards along the Onaping

valley to the mouth of Moose creek. Similar sand and grave) terraces stretch bay-like

into all the river valleys which come south through the northern nickel range, as along

Island and Sand Cherry creeks in Morgan township, Nelscn river and the re!iio?i souh
of Trout lake. They are found too along Rapid river and south of the Frenchman's
lakes in northern Hanmer extending to Vermilion river north of Onwatin lake.

Away to the north for 40 miles sand and gravel with eskers, kames and kettle

ponds and lakes extend along the Vermilion, the head~waters of the Wahnapitae and
around Meteor lake, itself an immense kettle walled with gravel.

This irregular chain of gravel plains running up from 1,0.30 feet above sea in the

south to 1,400 in the north at the watershed is of interest as containing placer gold,

sometimes .50 or 100 very fine colors being got in a pan, though usually the number is

much less. 33

Southeast of the i^a^t end of the nickel basin is the large sand and gravel area

referred to before near He,Tdf|uarter^, iiicludin<c parts of the townships of 0"'''ro'>1,

Maclennan, Garson and Falconbridge, and covering for a space the basic edge of the

southern nickel range. Here, as on the Vermilion south of the west end of the range

and also along the line of the Canadian Pacific west of Sudbury, there is a sinking

in the hardened tuffs and the acid edge of the nickel-bearing rock, which in the later

times of the glacial lakes formed a channel between the bay enclosed in the basin and
the broad lake to the south and west.

The .sandy and gravelly terraces and plains were formerly covered with a good
growth of pine, but in most parts this has been cut, and too often fire has run since,

reducing the plains to barren wastes or a low scrub of second growth jack-pine.

33 Bur. Mines, 1897, pp. 256-9 ; and 1901. DP. 151-9.
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PETROQRAPHICAL SECTION

Petrography of the Nickel Eruptive

Since it was discovered by Professor T. L. Walker in 1897 that the basic rocks

associated with the Sudbury nickel ores pass by insensible gradations into acid rocks

having the composition of granite, it has been difficult to give a petrographical name
to the whole mass of eruptive rock, now known to form a synclinal sheet a mile and a

quarter thick on the average. It would be manifestly incorrect to name it either

nonte or granite, so that hitherto in this report non-committal terms such as the

"nickel eruptive" or the "nickel-bearing eruptive" have been employed. Before Prof.

Walker's discovery the basic side of the sheet was mapped separately as greenstone,

and such names as diorite and diabase were applied to it, naturally enough, since the

ordinary weathered phase shows no pyroxene, and to a certain extent there is a sug-

gestion of ophitic structure in the rock. In 1892 Baron von Foullon showed that the

fresli rock at Murray mine is norite ; and it is certain that one of the samples from
a supposed dike at the Blezard mine, sent by Dr. Bell to Prof. G. H. Williams for

identification, and named quartz-hypersthene gabbro, was really from the basic edge

of the eruptive, so that the true nature of the rock had already been shown in 1890. 3-<

In 1893 the prasent writer noted the presence of gabbro containing diallage and
enstatite associated with ore in the northern nickel range.JS

The acid phase of the sheet has been variously named syenite, gneiss, granite and
micropegmatite, and there is some justification for all of these names, since the rock

contains considerable quartz, but almost always pegmatically intergrown with feldspar,

so as to be invisible to tlie naked e.ve, and there Ls frequently a distinct gneissoid or

schistose structure. In former reports on the region the acid side of the eruptive

has been mapped in msnv cases as Laurentian gneiss but occasionally as a Hvroni.Tn

schist, and never as granite or syenite, except by Prof. Walker in the sketcL map
accompanying the paper mentioned before. That tlie rock was a micropegmatite in

structure was noted by the present writer in connection with the northern range, but

it was not observed that the basic and acid pkases belonged to the same sheet of

eruptive rock.

Excellent accounts of the nickel eruptive have been given by Prof. Walker in his

Inaugural Dissertation and by Dr. Barlow in various Geological Survey reports,

especially his latest, published in 1904 ;3S and detailed accounts of the rock as shown
in various sections across the eruptive have been given in former reports of the Bureau
of Mines. 36 Since the last report was written the eruptive has been examined, in

some new localities, and it will be useful to give the results as a whole in this final

report on the region.

That good sections across the whole width of the eruptive are found along the

C. P. R. between Murray mine and Azilda, and near Onaping, has been well shown by
Prof. Walker ; and several other fairl.v good sections occur at some of the lakes, such

as Fairbank lake, Whitson lake. Blue lake and Joe's lake. Some of the wagon roads

of the region also give good exposures, as from Blezard to the north end of Whitson
lake, and between the Emery Headquarters and Capreol town.ship. Most of these

sections, which are from three to four miles long, have been briefly mentioned in the

detailed account of the nickel ranges. One very interesting section across the nar-

rowest portion of the range in the northeast part of Morgan township is very

inaccessible, but specimens have been obtained from each edge.

Two of these sections may be chosen as typical, the ore from Murray mine to

Azilda and the section at Onaping.

34 G. 8. Can.. 1890, Part P, p. 77. 35 Caji. Eeo. of Science, Apr., 1893, p. 344.

?5G. S. C* ToT. XIV, Part H.
36 Bur. Mines. 1903, pp. 293-6; and 1904, pp. 208-213.
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THE MURRAY MINH SECTION

The norite near the Murray and Ekie mines is dark gray, coarse-grained, and

contains blebs of blue quartz and flakes of mica, which are easily seen without a lens.

There is a tendency to the ophitic structure in some specimens but not in others, and
tkere is a great difference as to freshness. The rock weathers readily into rounded

forms half embedded in coarse sand resulting from its own decay.

Fresh thin sections consist mainly of plagioclase and hypersthene with a little

augite. quartz and biotite. the plagioclase having the extinction angles cf hibradorite.

The feldspar makes up two-thirds of the rock in my best section and the hypersthene

a quarter, the latter mineral being pleocluoic. There are also a slightly pleochroic

augite in small quantities, a little biotite, and a very little hornblende. Sometimes

the hypersthene has good crystal forms against the feldspar and sometimes the reverse.

Quartz forms wedges between the rather platy feldspars, which are fresh but have a

pale brow-nish color.

Canadian Copper Company's new smelter from northeast.

A specimen from the mine itself, containing several per cent, of ore differs from

the one described in having less plagioclase than hypersthene and very little quartz,

and there are also variations in the amount of biotite, so that the proportions of the

minerals normally forming the rock are somewhat uncertain.

Most of the norite from Murray and Elsie mines is however no longer fresh

enough to retain the pyroxene, which has been transformed into rather compact-
looking hornblende in some cases, and in others to uralite or serpentine. The plagio-

clase remains fresh, however, and the biotite seems unchanged.

For a mile and a half to the northwest along the railway there is little change in

the norite, except for an increase in the amount of quartz which has more or less of

a graphic intergrowth with the feldspar, but beyond this the weathered surface of
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the rock becomes reddish and suggests a dark syenite. Thin sections disclose quartz

and plagioclase with biotite, secondary hornblende and apatite, the first two minerals

largely intergrown as micropegniatite which radiates from a crystal of andesine. There

may be a little orthoclase, but in the main the feldspars are of the soda-lime varieties,

so that the rock should be named micropegmatitic quartz diorite.

Nearer the acid edge of the eruptive the rock does not change much in appearance

except to grow more schistose, and thin sections differ only in containing more micro-

pegmatite and also more unstriated feldspar, so that it should be classed as pegmatitic

granodiorite or granite. Where the schistosity is pronounced there is often too much
crushing to show the micropegmatite distinctly.

The series collected on the road from Blezard north to the end of Whitson lake

is very similar to that just described, except that there is less schistose structure toward

the acid edge. The norite at a point a little north of the mine was found by Prof.

Walker to be the freshest in the region, and thin sections are very handsome. Plagio-

clase (labradorite), hypersthene, diallage and biotite make up the most of the section,

but some hornblende, probably secondary, quartz partly as pegmatite, and apatite

are found also.

Prof. Walker has published analyses of specimens taken somewhat to the east

of the road along the shore of Whitson lake and his results will be given later along

with rock analyses from other parts of the range. His work shows an increase in

silica, potash and soda from south to north and a decrease in lime and magnesia,

corresponding to the change in mineral composition of the rock. 37 Both of the

sections just des-cribed include considerable masses of granite and of re-arranged arkose,

which have been left out of account in the description.

THE ONAPINQ SECTION

The best section across the northern nickel range is one which J'rof. Walker first

described, following the railway from Windy lake to Onaping from basic to acid edge,

reversing the order found at Murray and Blezard mines. Railway cuttings provide

a very complete series of specimens which differ considerably in appearance from those

described from the southern range.

At the basic edge the rock is rather coarse-grained and of a much lighter gray

color than the corresponding rock at Murray mine. There follow syenitic-looking rocks

made up of flesh-colored and green minerals, and finally near the acid edge greenish

gray rocks rather finer-grained and with lath-shaped feldspars. No part of the series

is schistose, indicating less squeezing and shearing than on the southern range.

Going eastwards along the railway from Windy lake siding Laureutian is seen for

a quarter of a mile, when drift and an esker ridge cover the rock for a distance. At

the northwest end of Windy lake gray, dioritic-looking norite crops out, rather coarSe

and speckled in appearance, consisting, as seen under the microscope, mainly of plagio-

clase, hypersthene and augite, with a little quartz, biotite, and hornblende, many prisms

of apatite and some magnetite. The plagioclase, which is clear and colorless and

makes up about half of the rock, has extinction angles corresponding to andesine or

labradorite, and is generally hypidiomorphic ; while the hypersthene is idiomorphic.

This mineral presents some anomalies, since some crystals showing the usual pleochroism,

red brown, pale brownish green and pale yellowish, have parallel extinction, while

others extinguish at various angles up to 28 degrees. Diallage, brown and fibrous-

looking, non-pleochroic,and with an extinction angle of about 45 degrees occurs in small

quantities also; the small amount of hornblende present forms margins about the

minerals just mentioned; and the brown biotite is present only in trifling quantities.

A specimen from a cutting a hundred yards east is coarser grained and not quite

so fresh, but daes not differ greatly in composition. An analysis of this rock given

37Quar. Jour. Geol. Soo., Vol. LIII, p. 56.
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latei-, shows 56.89 per cent, of silica, considerably more than Professor Walker found
in norite from Blezard mine on the southern range.

'P'ifty yards farther east coarse red syenitic-looking rock begins and lasts to Onaping
station, showing in various cuttings. Thin sections prove, however, that the rock

contains a large amount of quartz mostly pegmatitically intergrown with feldspar, but
partly as fairly large clear spaces, so that it is too acid for syenite, and an analysis

given later ccnfirms this by showing 68.48 per cent, of silica. The feldspars are very
badly weathered, but the well formed crystals making the starting point for micro-
pegmatite seem to be all plagioclase, though the analysis proves that potash and soda
are pie=ent in about eciual amounts, (K„0 3.36, Na.,0 3.72), so that the feUl.'^])ar in

the pegmatite must be chiefly orthoclase. The dark minerals include secondary look-

ing hornblende and the mineral resembling epidote named by Professor Walker woeh-
lerite. The last specimen collected to the west of Onaping station has extraordinarily
slender prisms of feldspar, which strike the eye immediately on frosh surfaces.

To the east of the station the appearance of the rock changes and it becomes
greenish gray and finer-grained ; though the microscope shows little difference except,

the presence of more hornblende. An analysis proves that this rock is less acid than
the red viiriety west of Onaping, since it contains only 61.93 per cent, of silica.

At the margin of the eruptive against the basal conglomerate beneath the tuflfs,

it becomes finer-grained, though still green and Jioritic-looking ; and thin sections

show short, stout crystals and little micropegmatite, the quartz, which is present in

considerable amount, being mostly granular.

The sections just described may be looked on as typical, since they include fresh

norite and cover the full width of the eruptive, four miles on the southern range,
and about two and a half in a straight line on the northern. Each begins with quartz-
biotite-norite on the basic edge, passes through intermediate stages in which micro-
pegmatite occurs in increasing amount, and ends in a rock consisting mainly of

micropegmatite enclosing crystals of andesine with hornblende and biotite, having a

chemical composition corresponding to grano-diorite. There is one very important
difference between the southern and the northern sections, which are arranged in

opi)osite directions to one another, each having its basic edge outwards from the central

line of the eruptive sheet. The southern range has a mile and a half or possibly two
two miles of the more basic rock, norite; while the northern range has only a quarter

of a mile which can properly be reckoned to ncrite. The acid portion of the sections

is about equal, but the basic portions are very unequal. This probably has some
bearing on the fact that large amounts of nickel ore occur on the part of the southern
range selected for study, while no ore is found at the basic edge of the northern range
where the section was made and where the norite is small in amount.

It is of interest to compare with the sections just given the rocks found at the

basic and acid edges of the narrowest part of the northern range, near the northeast
corner of Morgai township. The specimens show little difference to the eye, though
the one from the acid edge has a faint tinge of flesh-color which is lacking in the other.

Thin sections show considerable differences, however. One from the basic edge con-
tains mainly feldspar with micropegmatite radiating from it, hornblende and chlorite,

the feldspar being largely plagioclase not far from andesine in optical characters, but
with some untwinned crystals, probably of orthoclase, and one peculiar crystal, un-
striated but containing irregular patches of plagioclase having low extinction angles
from twin planes. Micropegmatite running into areas of unmixed quartz' makes
about a fourth of the section. The augite, partly very fresh, is nearly colorless and
not appreciably pleochroic. The rock has not the usual character of the basic edge,
being without hypersthene (or pleochroic pyroxene) or biotite among dark minerals,
and containing a good deal more than the usual proportion of micropegmatite and
orthoclase. One may hold that the true basic edge is absent at this narrow portion
of the eruptive, and that the rock just described belongs to the intermediate facies

between the basic and acid edges.
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A thin section from the opposite or southeast side of the band consists mainly

of very fine, often plumy, micropegmatite, sometimes arranged round broad crystals

of andesine, sometimes about a narrow strip or about no apparent nucleus.. This

makes up at least two-thirds of the roik, while plagioclase and a crystal or two of

orthocla.se with hornblende and a small amount of epidote make up the rest.

At this very narrow point the typical acid edge phase of the eruptive is well

represented, and the lack of width is due to the absence of the basic or noritic ph^se.

Along with this goes the total lack of ore or rusty surfaces so far as known along this

part of the outer edge of the laccolithic sheet.

'^Vhile the typical rocks of the nickel eruptive are dark gray or pale gray norite

at the basic edge, somewhat flesh-colored pegmatitic rock.s at intermediate points, and

flesh-colored or greeni-sh gray micropegmatite rock having the composition of grano-

diorite at the acid edge, there are, nevertheless, considerable variations in the appear-

ance and composition of the basic edge at different parts on the circumference of the

sheet, and some interesting varieties in the acid edge also; and a few characteristic

localities will be taken up in illustration, especially from the southern range, where

the greatest variations are found.

In the first place, it may be shown that the norite in connection with ore bodies

is not always cjuite the same in character as that of the Murray mine, and for this

purpose examples from other parts of the southern range will be studied. '

Other Norites of the Southt-rn Range

Kxcept that tlie hypersthene and diallage are usually completely weathered to

fibrous hornblende or uralite the basic edge southwest of Murray mine as far a.s Lady
Violet mine diffens little from the typical example, and the same is true toward

Blezard mine. An interesting diamond drill hole sunk by Mr. J. \. Miller for the

I'Mison party in lot 8, con. II, of Blezard township, more than a mile northwest of

Little Stobie mine should be referred to. The drill reached a depth of 1,030 feet, and
an examination of portions of the core at every 50 feet, provided by the kindness of

Mr. Miller, shows that the rock is norite to the full depth except for micaceous schist

with pyrite and vein quartz at 264 feet and fine-grained flt-sh-colorcd granite at 900

to 950 feet, probably from a dike. Thin sections show that the rock varies greatly

in freshness, being generally so far re-arranged as tc contain only hornblende, etc., in

place of the pyroxenes ; but curiously the lowest parts of the core are much less fre,sh

than the rest, though the best preserved section is from 550 feet. In it the feldspars

(andesine to labradorite) are very fresh and somewhat brownish and there is a little

qu.Trtz, partly interstitial and partly intergrown with feldspar as micropetrm.-'ti're

;

while the dark minerals include much hypersthene and also a plcochroic monoclinic

pyroxene very like the hypersthene, a little diallage. hornblende and biotite.

It is evident of course that the term weathering as employed fdr deep seated

changes in eruptive rocks, like the norite at 1,000 feet, is not to be taken in a literal

sense, as due to water with carbon dioxide or oxygen. Probably the different states

of the rock as to freshness are due to differences in the amount of shearing or crush-

ing allowing water to circulate more freely in some parts than others.

THE CREIGHTON NORITES

The norite of the Creighton mine differs considerably from that at Murray mine,

containing usually rppreciable amounts of quartz, often niicropegmatitic, and ortho-

clase or microcline, in addition to the usual plagioclase and dark minerals. The
hypersthene is fairly fresh in most sections, even those containing ore, and has a strong

pleochroism. Biotite is plentiful, and the hornblende usually present seems to be

secondary. The most interesting sections are those containing considerable amounts

of pyrrhotite and chalcopyrite, which may lie in contact v^-ith any of the rcK^k-forming
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minerals, but are mostly found in or beside the darker ones, especially the biotite.

The ore is often completely enclosed in biotite and may be accompanied by magnetite,

distinguished by its iron black color and bluish lustre, the two minerals appearing

to have been formed at the same stage of cooling. The sulphides, however, often show

a tendency to penetrate the fissures of adjoining minerals, being evidently more easily

dissolved and re-deposited than the magnetite.

It is rather surprising to find minerals like orthoclase, microcline and micropeg-

matite in connection with the ores at the largest nickel mine, and the fact suggests

that the more acid phases of the ntrite arc sometimes associated with ore bodies.

Sections of ore often show small quantities of rock-forming minerals enclosed in

pyrrhotite, plagioclase, quartz and secondary hornblende being found in that position.

To determine the composition of the rock (free from ore) at the Creighton open

pit Mr. M .T. C'ulbert has made an analysis of a fresh specimen, with the following

results

:

Per cent.
SiOo 60.15
AloOa 18.23

Fe^Os 1.51

FeO 6 . 04

MgO 3.22

CaO 4.01
Na.0 1.2S
KoO 1 .68

h;o (below 100») 19

h;o (above 100") 36

Tib 1 .34

P.OJ 23

MnO 29
BaO 25
ZrO 14

NiO 17

Cu 16

S 54

Total 99.79

From the analysis it will be seen that the rock cannot be called basic, the ortho-

clase or microcline and quartz present having raised the silica to over 60 per cent.

A small amount of sulphides and of titaniferous iron ore are shown to exist, which

is to be expected under the circumstances. If this rock were not in continuity with

the norites east and west there would be doubt as to its position in the classification.

The rock associated with the Gertrude mine to the west is generally more weathered

than at the Creighton, and seldom retains tlic hyporsthene. On the whole it contains

less quartz and little or no potash feldspar, so that it more nearly resembles the

Murray mine norite. One specimen from near the Gertrude station contains a large

amount of olivine in addition to hypersthene and diallage among dark minerals, but

it is not certain that it belongs to the nickel eruptive; since a hill of "older norite"

is a little to the south, and the immediate surroundings are drift covered.

The rock near North Star to the northeast of Creighton is the normal weathered

quartz norite, and the same is true of examples from near the Victoria mine, the

Chicago and the Sultana toward the western end of the southern nickel range.

Northeast of the Blezard mine the norite, where studied, is seldom dark gray in

color and is frequently squeezed and sheared into schistose varieties, as at the Kirk-

wood and Cryderman mines. At the east end of the nickel range near Bliie lake and

the Whistle mines the band of eruptive is narrow and the noritic portion has suffered

most, being only a few hundred yard.s wide. The norite is usually rather pale gray,

though some areas of dark gray rock occur not far from the Blue lake mine. All the

thin sections examined are greatly weathered, the pyroxenes having completely changed

to uralite and even the feldspars showing to some extent the change to epidote, zoisite,

etc.. usually called saussuritization. The sections contain more than the normal

amount of quartz, often in the form of micropegmatite. and if they had not been taken

from near outcrops of ore they would probably be placed in an intermediate place

between the norite and the micropegmatitic granites.
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The norites from the northern nickel range conform pretty well to those described

from the vicinity of Onaping, having usually a paler gray color than the norites of the

southern range, due to the absence of brown coloring matter in the feldspar. In

general there is more quartz and micropegmatitic on the northern than on the southern

range, probably because the basic edge of the eruptive is narrower there.

A few words should be said of the acid segregations occurring at various places

in the norite, especially near Murray and Elsie mines. These may be small patches

a square foot in diameter or several feet in diameter, the outer edge dark green from

an accumulation of hornblende, then a coarse mixture of hornblende and white plagio-

clase followed by plagioclase alone or with some quartz.

Sections from the green edge show the same minerals as the weathered norite, but

the hornblende is in much larger amount than is usual in norite, and there is much

quartz and less plagioclase ; but no pegmatitic structure. The next band, with a mix-

ture of green and white, differs mainly in having less hornblende ana some orthoclase

or microcline with the plagioclase ; while the whiter parts contain very little horn-

blende and consist of feldspar and quartz. Varietie,s of the rock in these segregations

are made up of very large crystals, the blades of hornblende sometimes reaching six

inche-s in length.

NORITE OF THE OFFSETS
Norite projects as three long offsets from the basic edge of the laccolithic sheet,

at Copper Cliff, Victoria mine, and from the middle of Bowell township to the middle

of Foy. There is also an isolated band of norite running parallel to the basic edge,

including the Frood and Stobie mines. These projections are somewhat dike-like, but

are usually very irregular in width and may run out into small separate patches of

norite completely enclosed in the country rock. In a general way the norite of the

offsets has the same composition as that of the main range, but it is less fresh, very

seldom retaining the pyroxenes, and usually is much finer grained. The Copper Cliff

offset has been most carefully studied and will be taken as typical.

In general the norite is rather dark gray and fine-grained, frequently spotted with

ore, but there are also very coarse-grained segregations on a small scale, like those

at Murray mine, the central parts consisting of plagioclase crystals more than a square

inch in cleavage surfaces. Thin sections show plagioclase (andesine or more often,

labradorite) in greatest amount, followed by secondary hornblende, quartz and biotite,

with more or less titaniferous magnetite sometimes surrounded with leucoxene and

apatite. The quartz is partly wedged in between the feldspars, but often intergrown

with them in a way somewhat different from ordinary niicropegmatite, having a

slightly granular look, but with many grains oriented alike. Possibly this represents

a poikilitic arrangement rather than micropegmatite.

At No. 2 mine, north of Copper Cliff the pyrrhotite-norite forms only a narrow

band between the ore body and the walls of granitoid gneiss. A section from a speci-

men five feet from the gneis^ is fine-grained and has the characters just described, but

with an unusually large amount of micropegmatite and a tendency to zonal structure

in the plagioclase crystals, which grow more acid at the edges.

Another specimen from the actual edge of the gneiss is compact in appearance,

showing more rapid cooling than the former one, and is formed mainly of tiny strips

of plagioclase with parallel strips of quartz having a rough fluidal striicture. The dark

minerals are hornblende and biotite.

Sections from the Mitchener mine near Worthington on the Victoria mine offset

have the same character as those from the Copper Cliff, but portions of the band of

norite have been much more completely changed at the Worthington mine itself, being

reduced to a fibrous mass of actinolite with only traces of other minerals.

From the Foy apophysis only two sections have been studied, one at its starting

point and the other at the western end sis miles away. The specimen from the start-

ine point on location W D 1.52 in Br well township comes from .n peculiar cr"«;h con-

glomerate of coarser norite, and sometimes other rocks, cemented by fine-grained norite

8a, M On;
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with sulphides. The matrix is very fine-grained quartz norite, without micropegmatite,

the dark minerals being hornblende and biotite. The plagioclase crystals are often

well formed and have a gradual change of composition from the centre outwards.

The rock from the end of this offset is fine-grained and spotted with small specks

of ore. It differs from the other mainly in having an unusual amount of micropegmatite

radiating from well formed plagioclase crystals.

Variations of the Acid Edge
The acid edge of the nickel eruptive shows less variety than the basic edge, but

has certain differencas from the typical examples already de.scribed, which were micro-

pegmatites of about the composition of grano-diorite. In the northern range the

rocks from near Blue lake deserve mention for their marvellously developed micro-

pegmatite, ranging from almost invisible structures to comparatively coarse ones,

centring about very complexly twinned plagioclase. Specimens from Trent l.Tke are

equally fine; but sections from Moo.se lake have only rude intergrowths of quartz and

feldspar. Almost all sections from the northern range contain considerable amounts

of epidote in large, compact individuals.

Along the southern range the acid edge on Fairbank lake and points to the west

and north proved puzzling in the field, since it presented exactly the dark green, fine-

grained appearance of a slightly schistose greenstone. However thin sections prove

that this rock also is an acid phase of the nickel eruptive, since it consists largely of

the finest possible micropegmatite, invisible except with fairly high powers o'f the

microscope, with plagioclase crystals, chlorite and hornb!<'ndo. It w.as thoiishc th.-it

these dark green phases of the acid edge might have acquired their color by "overTiand

stoping" and absorption of the lower part of the overlying tuffs, since on Fairbank

lake at least the basal conglomerate in places seems almost absent. An analysis of a

characteristic specimen shows, however, that the comptxsition is normal, having 68.95

of silica, 12.74 of alumina, 3.28 of potash and 3.8(1 of soda. Evidently the green color

simply means that the fine scales of chlorite are distributed in such a way as to give

the greatest effect.

A grey green, schistose variety is found iiorthea.st of the Cryderman mine at the

northwest corner of Falconbridge township also ; but in this the crushing seems to have

gone so far as to destroy the micropegmatite altogether.

The acid edge in some places immediately beneath the Trout lake conglomerate

shows small cavities with green epidote enclosed in a rim of flesh red, the whole an

inch or two across and surrounded by the ordinary grayish flesh-colored rock ; and
similar green and red patches sometimes occur in the matrix of the conglomerate.

General Character of the Nickel Eruptive
Having taken up typical sections of the nickel eruptive and variations from the

types along the basic and acid edges of the sheet, we may now sum up our knowledge
and discuss the results of rock analyses from different parts of the region.

Ill a general way, the basic edge may be defined as quartz-norite of a somewhat
acid type for a member of the gabbro series. Plagioclase running from labradorite to

andesine, but generally the former, makes up more than half the rock, sometimes
almost two-thirds. Along the southern range the plagioclase is usually pale brown in

color and slightly opaque, on the northern range clear and transparent ; and the

crystals are often well shaped with a tendency to platy forms. Quartz occurs as bluish

grains and also as a wedge-shaped filling between the pUigicclases ; also to a varying

degree as micropegmatite. In the latter case there may be appreciable amounts of

orthoclase or microline. The dark minerals, when fresh, are mainly pyroxenes, the

rhombic species, hypersthene or enstatite. being in largest amount, making perhaps a

sixth of the rock ; but monoclinic augite in the form of diallage is almost always

present, and often a pleochroic augite precisely like the hyper.sthene, but with a distinct

extinction angle, occurs also. The hypersthene is often in fairly well formed elongated
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crystals. There is often some hornblende even in very fresh sections, and this in some

cases at least is primary. It may form solid rims about the pyroxenes. Brown biotite

in quite large individuals is almost always found, though it makes only a small pro-

portion of the ro<-k. Titaniferous magnetite and apatite are always present, and often

pyrrhotite or chalcopyrite where the specimen is taken from near an ore body, and
the freshest specimens are usually found in that position. Dr. Barlow has found a

small amount of olivine in one thin section from Little Stobie.jS but tliis mineral has

been found nowhere e's? except in a doiil)'^ful specimen frOiU Gertrude.

The weathered norite, formerly called diorite, is much more common than the fresh,

but in general appearance the two scarcely differ, though the fresh rock more often

crumbles with boulder-like forms under exposure than the so-called weathered rock.

The chan2;e from the fresh norite is due mainly tc the re-arrangement of the pyroxenes

to form fibrous hornblende or uralite or less often chlorite or serpentine, with some
separation of iron oxides. The labradorite is apt to be fresh long after the hypersthene

has disappeared. Weathering is less pi-onounced close to ore bodies than at a distance

from them.

The norite blends gradually into micropegmatitic cjuartz diorite or syenite, coarse-

grained and flesh-red on weathei-ed surfaces, gray on fresh ones. The main difference

is the increase in the amount of quartz intergrown with feldspar and the partial or

complete absence of hypersthene or augite. Large grains of epidote are generally

present.

This intermediate rock passes on the acid edge into quartz-diorite, granodiorite or

granite containing large amounts of micropegmatite, sometimes three-fourths of the

whole. The nucleus of the granophyre structure is almost always a plagioclase not far

from andcsine, and there is generally some orthoclase in addition to that included in

the micropegmatite. The plagioclases are often plate-like. As dark minerals there

are always hornblende, jnica and magnetite, usually also epidote. The macroscopic

appearance of the rock is often that of a medium or fine-grained syenite or granite,

but it may take the form of gneiss or felsite' schist or of fine-grained green schist,

though, the composition does not greatly vary. '

In order to show the changes from the basic to the acid side of the eruptive Prof.

Walker has published several analyses of samples from the Blezard-W^hitson lake cross

section ;39 and to complete our knowledge of the subject several more analyses are

added here. The finding of micropegmatite and microcline in fresh norite at the

Creighton mine made it desirable to have an analysis of the rock (No. 2), and it was
also thought well to know the composition of the areen schistcse rock of the acid ed-re

at Fairbank lake (No. 8). The analyses are given in the following table:
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In the above table of results of analyses, No. 1 is from the basic edge of the

northern range near Onaping, Mr. E. G. R. Ardagh, of the Chemical Department,

School of Science, Toronto University, being the analyst. Xo. 2 is from the basic

edge at the Creighton mine near the ore body, analyst Mr. M. T. Ciilbert of the School

of Science. Nos. 3 and 4 are from the basic edge of the southern range near Blezard

mine, analyst Dr. T. L. Walker. No. 5 is from a syenitic-Iooking specimen taken frcm

near the middle of the Onaping section, analyst Mr. Ardagh. No. 6 is from near the

middle oF the Blezard-Whitson lake section, analy.st Dr. Walker. No. 7 is from the

acid edge of the Onaping section, the rock being greenish gray, analyst Mr. Ardagh.

No. 8 is from near the acid edge on the north .shore of Fairbank lake, the rock being

dark green gray and somewhat schistose, analyst Mr. Ardagh. Nos. 9 and 10 are

from points near the acid edge of the Blezard-Whitson lake section, Mr. C. B. Fox,

chemist of the Hamilton Iron and Steel Company, being the analyst of No. 9, and

Dr. Walker of No. 10.

The table is so arranged as to give first analyses from near the basic edge (Nos.

1, 2, 3 and 4), next analyses of specimens from near the middle of the eruptive (Nqs.

5 and 6). and finally analyses from near the acid edge. The results disclose a larger

amount of variation than might have been expected, especially on the basic side of the

eruptive, the silica running frcm 49.90 to 60.1.). It is possible, however, that No. 3

is not a typical example of the norite, since it contains so largo an amount of ferrous

oxide (13.54 per cent) as to suggest the presence of unusual amounts of iron ore, or

of pyrrhotite. It is probable also that No. 2, from the Creighton mine, errs on the

other side, containing more quartz, microcline and micropegmatite than the normal,

though thin sections from other parts of the rock enclosing the Creighton ore body

almost all show considerable amounts of these minerals.

The intermediate rocks from the middle of the eruptive seem to differ little from

the examples taken from nearer the acid edge, having silica contents of 64.85 and 68.48

per cent., as compared with 61.93 to 69.27 per cent., or on the average 66.66 to 66.98

An average of the first four analyses as representing the basic phase of the rock,

and of the last six as representing the acid phase will give a fair idea of the amount

of differentiation which has taken place in the cooling of the laccolithic sheet. It is

possible, however, that in the case of No. 2 the norite absorbed some of the adjacent

granitoid gneiss. At the actual contact of norite and gneiss there is sometimes a

reaction rim a few inches wide of coarse pegmatite between the norite and the more

acid rock. It may also be that \o. 7, from the acid edge near Onaping, has become some-

what more basic than the normal by "overhand stopin.c;" and absorption of the over-

lying tuff, since it is less acid than No. 5 from the middle of the section. However

Xo. 2 may not more than counterbalance No. 3, which contains so large an amount
of iron, and No. 7 will not greatly affect the average of the six examples of the acid

phases.

.tiiO"

AloOi
Fe",0,
FeO
MgO
CaO
NaoO
KoO
h;o
TfOo
ToO;
MnO
Minor substances

Basic
Average.
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In a general way about one-half of the southern edge of the laccolithic sheet is

basic, while the basic portion of the northern range, including the Blue lake portion,

is very much narrower, perhaps averaging not more than a quarter or even an eighth of

the full width of the eruptive. An estimate of the relative areas of the basic and

acid phases respectively gives about one part of basic rock to one and a half of acid

rock. Accepting theee proportions as approximately correct the average composition

of the whole sheet is given in the third column above.

In this computation the pyrrhotite and chalcopyrite of the ore bodies have not

been taken into account. Although 2,000,000 tons of ore have been mined and the

amount of ore "in sight" may be reckoned at several millions more, it would be rash

to attempt to estimate the total amount of sulphides originally contained by the

magma, since we do not know how m.any millions of tons have been removed by erosion

during the ages since the eruption, which took place not later than Cambrian times;

nor do we know how much ore exists in the depths, as downwards continuations of

known ore bodies or in ore bodies which do not reach the surface. However we can

hardly assume that the sulphides existed to the amount of cubic miles, and the eruptive

sheet still remaining after the vast period of erosion is estimated at 600 cubic miles,

so that the sulphides in the total magma formed probably only a fraction of one per

cent., and so are of relatively little account. Prof. Vogt speaks of the Sudbury gabbro

i!s containing; originally about O.Oo per cent., which may serve as a guess at the true

proportion. 4"

According to the new classification of rocks the average composition of the basic,

and acid phases work out as Harzose, and Adamellose. The norm for the basic and
acid phases, and for the average rock is as follows:
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diorite porphyrite and amygdaloid, with some slaty graywacke undoubtedly of sedi-

mentary origin, make it difficult to define the rocks as a whole. The frequent occur-

rence of "pillow structure," often with an aniygdaloidal edge to the pillows, shows

that at least a part of the series consists of lava flows.

The only rock which is at all fresh Ls the norite, which may now be described.

Macroscopically and microscopically, it differs entirely from the nickel-bearing norite.

It is usually very fine-grained and rather dark gray on fresh surfaces, and on weathered

surfaces pale gray with numerous raised bands or narrow ridges of green, often in

two or more dii'ections, forming meshes. In some places the fine ground-mass contains

hornblende crystals from a third to a half inch in diameter, which project from the

weathered .surface. Less often there are irregular white patches of about the same

size along with the hornblende, giving a pale gray surface speckled with dark green

and white blotches, .suggesting a porphyrite. There are all transitions from the

fresh gray norite through rocks half changed, to greenstones or hornblende porphyrites

completely changed to green minerals, and it is probable from the field relations that

I)art or all of the greenstones was originally norite.

Thin sections of the gray rock are usually surprisingly fresh in appearance except

for narrow bands of green hornblende along minute fissures, and four minerals in

small equi-dimensional grains or crowded crystals usually make up almost the w-hole

of the rock, hypcrsthcne or enstatite. a monodinic augite. plagioclases (bytownite)

and magnetite. Usually the two pyroxenes are very much alike, with strong outlines

against the feldspars, pale brownish gray in color with faint greenish and reddish

change of color or none at all, and a suggestion of crystal outline. Here as in so

many other norites certain pleochroic sections, in general appearance exactly like the

hypersthene, have a considerable angle of extinction from the cleavages or the edge

of a prism, so that they are really monoclinic. It seems as if the hypersthene is merely

a monoclinic pyroxene with 0" extinction angle, and with transitions to an unnamed
monoclinic form of the same composition, but with large extinction angles. The
rhombic variety of pyroxene is generally in largest amount, and the two pyroxenes

make up as a rule more than half the section. The plagioclase is in short stout crystals

W'ith few twin planes, and in many cases the crystal form is fairly perfect. The mag-
netite makes up perhaps a twentieth of the whole rock.

Beside the ordinary even-textured variety of norite, or micro-norite, there are

porphyritic ones in which a few large and generally elongated crystals of hypersthene

or augite are embedded, and these may be poikilitic, including small grains of the

feld.spar. In other sections the porphyritic crystals are hornblende, green or brown,

rough edged and always poikilitic, sometimes thickly crowded with clear feldspars.

They may represent foi-mer augites, though this seems doubtful, since both minerals

sometimes occur porphyritically in the same section. The magnetite is often in good

crystal forms, the grains being relatively large. In most cases none of the minerals

show a trace of weathering except as mentioned before, along thin seams where horn-

blende develops.

The rarer variety cf micro-norite, which has w-hite patches like porphvritic felcKpars,

shows the same composition as the others, the white areas being formed of labradorite

in the same short stout crystals as elsewhere, but without pyroxene or magnetite.

There are occasionally sections wholly or almost wholl.v composed of the plagioclases,

so that there are varieties of rock having the same general character which might be

named norite, gabbro (where monoclinic pyroxene outweiglis the rhombic), and anorth-

osite, with norite porphyrite or hornblendic norite and rarely biotite norite.

Some of the green rocks associated with the gray ones seem to be merely the same

rock weathered, secondary hornblende replacing pyroxene, but the short equi-diametered

plagioclases remaining. In other cases, however, the greenstones consist mainly of

fibrous hornblende with some magnetite, and occasionally qiiartz. but witk little or

no feldspar ; where one cannot assume that they have descended from the norite.
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'I'lie 'pilloHs, " ii large, are sometimes tormetl of characteristic iiiicro-norite in

the middle and hornhlendic material on the outside, the supposed amygdiiles consisting

of about equal parts of plagioclase and unstriated feld-spar, with a little quartz. The

contents hardly seem cliaracteristic for an amygdule, but the bomb or pillow form and

the development of the white spots only near the outside of the mass and not in the

middle may be taken a,s proof that they are really surface eruptives.

The hornblende porphyrite associated with the older norite is probably derived

from it, though this is not always certain. Those which have a fine-grained ground-mass

with minute crystals of plagioclase mixed with hornblende and large poikilitic crystals

of hornblende enclosed are probably derived from the porphyritic variety of norite.

Others with hornblende alone or with quartz instead of feldspar can hardly he

accounted for in this way.

In addition to the very fine-grained older norit&s in the complex, there are some

coar.se-grainod ones, gray with dark green and sometimes white mottlings, which look

very different from those described, but sections show the same minerals only differently

arranged. The plagioclase is in minute grains almost as if crushed, but the pyroxene

is always in large irregularly-shaped poikilitic crystals. As it is mainly monoclinic the

rock must be called gabbro. The dark green patches are of secondary-looking horn-

blende.

The older norite or the micro-ncrite as it has been named in this report must have

antedated the nickel eruptive by a very long time, since the sedimentary series 10,000

feet thick was piled up on them before the irruption of the laccolithic sheet
;
yet they

are so uniformly confined to a comparatively narrow band along the southern nickel

range and a few points on the northern range that one cannot resist the idea that they

came from the same hearth. They are, however, much more basic than the nickel range

rock, since pyroxene generally makes up half their bulk, magnetite is present in con-

siderable amounts, and quartz or potash feldspars scarcely occur. They are not known
to contain nickel except where an ore body lies again.st them sending small stringers

into the older rock.

An analysis of a t.vpical specimen from near Murray mine»ha.s been made by Mr.

J. A. Horton of the Chemical Department, School of Science, Toronto, with the follow- .

ing results

:

Percent.
SiO.. 46.i>9

.\1.,0., 14.23
Fe:,0, 2. on
Feb 12.82
MnO 11
MgO 8.1.5

CaO 13 . S2
Na«0 98
P..O5 19
TiO 1.28
Moisnire 08
Sulphur 12

99.97
Specific .Erravity 3.24

This corresponds normally to the following mineral composition:

Per cent.
Bytownite 42.57

Diopside 25.73
Hypersthene . 20.76
Olivine j.._.^^ 5.34

Titanic Iron Ore 4.98
Apatite 34
Pyrite 27

The mode of the rock does not differ greatly from the norm. Xo olivine has been

recognized, but a small amount may really be present, as the rock is very fine-grained,

and part of what has been taken for augite Ls not unlike olivine in appearance. If I
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have worked it out correctly by the new system, it is a percalcic rock of the order

Gallare. under the subclass Salfemone of tlie class Salfeniane ; and may be named Keda-

bekase.

It is curious that tlie sulphide commonly found m the older norite is pyrite and not

pyrrhotite. In composition this rock comes much closer to the European norites with

which pyrrhotite is associated than does the acid norite of the Sudbury nickel eruptive. 41

NORITE OF THE INTERIOR BASIN

While the characteristic norite of the nickel eruptive is confined to the basic portion

of the sheet, it is known that in one place at least norite of a somewhat different kind

occurs near the acid edge, penetrating the basal conglomerate. At the southwest end

of Trout lake in Bowell township, near a small zincl)lende deposit on location W D 2o'2,

a specimen of dark green rock weathering brown, taken as representing a part of the

country rock, proves to consist of hypersthene, diallage and labradorite, the latter making
less than half the section. There are also a very little interstitial quartz and still less

micropegmatite. Some of the rather lath-shaped feldspars are ot earlier crystallization

than the hypersthene, but other parts are later. The feldspars, though decidedly fresh,

are rather untransparent at the edges because of a l)rown coloration, the centres, which

have a different extinction angle, being clear. The hyper.sthene seldom show's good

crystals with elongated forms as it does in the basic edge norite. This norite was not

distinguished from greenstone in the field, and no detailed work was done to define its

boundaries or its relations to the nickel eruptive.

PERIDOTITE

Beside the comparatively basic older norites and greenstones in a few localities along

the northern range still more basic rocks have been found as part of the country rock

of ore bodies and are therefore probably older than the nickel eruptive. The freshest

example i.s from test pits in l^evack township about five miles north of Onaping, where

a dark gray green fine-grained rtKk accompanies the ore. A thin section proves Chat

the rock consists chiefly of olivine, more than half of which has been changed to ser-

pentine and magnetite, which, not onl.y encloses the olivines but cuts across its crystals

wherever fractures existed. There are in addition small quantities of augite and of brown
l)iotite.

On location W D loo, in Bowell township, part of the rock beside the ore deposit

is dark gra,v serpentine weathering rusty white. A thin section shows only a remnant
of olivine and a few cr.vstals of striated feldspar in the mass of serpentine and iron ores.

There is no direct evidence to show that the peridotites belong to the family of rocks

connected with the nickel eruptive beyond the fact that the.v occur beside the basic edge.

LACCOLITHIC NORITE SOUTHEAST OF SUDBURY
An irregular mass of norite rising laccolithically to the east of Sudbury and extend-

ing several miles southwest from Ramsav lake to the north side of Kelly lake, has no

apparent connection with the laccolithic sheet of the nickel-bearing rock and seems to

be older than it, though this is not ea.sy to prove positively, since it nowhere comes
within three miles of the southern nickel range, with which it is roughly parallel. The
last outcrop of the Copper Cliff offset, at Evans mine, is, however, only a quarter of a

mile from its northwest side near Kell.v lake, but there is so little likene.ss between the

band of rock here described and the norite rich in ore of the offset that they probably

have no direct relationship.

It may be that this irregular band, half a mile wide and more than seven miles lon.g,

is really the edge of a sheet, but if so there -s no evidence of difEerentiation of the sheet

into a lower, basic, edge and an upper, acid, edge as in the nickel eruptive.

41 Zirkel, Petrographie, Bd. II, pp. 790-1-2.
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The rock is coiumouly medium to coarse-grained, greenish gray, and so far weathered
as to contain no remnants even of the original pyroxene. Only one of my thin sections,

from a point on the hill east of Sudbury, is fresh enough to show that the rock is really

norite, though of a somewhat different type from that of the "basic edge." It is never
dark gray in color, does not contain blue blebs of quartz nor large biotite .scales, and is

never .spotted with ore, like the nickel-bearing norite, though a little pyrrhotite has been
found in it.

The freshest section consists to the extent of about one-half of labradorite, the pyrox-
enes making up the rest of the rock, diallage probably in slightly larger amount.s. so that
the rock should perhaps be called gabbro instead of norite. The rhombic pyroxene has
an exceedingly pule diduoism, so that it is enstatite rather than hypensthene. There
is very little magnetite, no apatite was observed, and quartz is ahuost absent. The
sections of weathered roc-k have the pyro>cene completely changed to pale green horn-
blende or sometimes partly to chlorite. A little quartz is occasionally found in interstices

and rarely also niicropegmatite.

The most interesting feature of this band of norite or gabbro is the immense white
segregations which run irregularly along the hill tops and perhaps represent the acid

phase of the nickel eruptive though in much smaller pn portion. Similar but much

Dl
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The ordinary gray green gabbro passes rapidly into a darker green band much coarser

in texture and containing little feldspar. The cleavages of the hornblende are often

curved or twisted. Then there is a baud of mixed hornblende and white feldspar in very

large crystals, the hornblende often as pri-sms several inches long, the centre of the prism

being filled with white feldspar. Xext comes a considerable width of white binary granite,

verj- large-grained, and also graphic granite, the quartz often in larger quantity than

the feldspar. At the centre of the large segregations there may be fifty feet of almost

pure glassy quartz. With the inner white parts of the mass there are frequently sul-

phides, pyrrhotite especiallj-, but never in workable amounts.

Thin sections representative of these exceedingly coarse rocks are hard to make,

since a single section may be all of one material. The hornblende is secondary-looking

and rather pale green, not far from actinolite; the white minerals are plagioclase (oligo-

clase towards albite), orthoclase (or at least an unstriated feldspar), and quartz, the lat-

ter often in comparatively wide bands in the feldspar, causing the graphic structure. A
very little muscovite occurs also. Different parts of the mass might be called amphibo-

lite, malchite, acid anorthosite, binary granite, pegmatite and vein quartz.

These curious masses of coarse white minerals much richer in alkalies and silica

than the average rock, but cut off from it by the ring of hornblende, probably represent

the last remnants of the magma, accumulated and consolidated in the centre of the band

after the outer parts had already taken shape ; resembling in origin the coarse pegmatite

dikes which end an eruption of deep seated granite, but without the outlet into fissures

which the hot pegmatite solution finds for itself.

It is possible, however, that the apparent segregations are really large masses of

quartzite or arkose incompletely digested by the gabbro.

GRANITES ASSOCIATED WITH THE NICKEL ERUPTIVE

Beside the granite and granitoid gneiss of the Laurentian, which are much older

than the sheet of nickel eruptive and underlie it, there are coarse and medium-grained
granite and granitoid gneiss, probably not very different in age from the nickel eruptive,

but sometimes a little older and sometimes younger. As they occur in bands parallel

to the southern nickel range and at no great distance from it, they may be supposed

to have some connection with the nickel rock in origin, perhaps having segregated from

the same magma before or after the magma of the laccolithic sheet reached its present

position. The coarse-textured granitoid gneiss, often porphyritic, is in my opinion

generally older than the nickel rock, but is younger than the micro-norite described

above, since it has swept off masses of greenstone and green schist supposed to be derived

from them.

The granitoid gneisses are best shown along the railway between North Star and
Creighton mines, where they are coarse in texture with porphyritic flesh-colored or£ho-

clases sometimes an inch in length crowded together with an equal amount of gray finer-

grained ground-mass. Thin sections show an ordinary hornblende granite, consisting of

quartz, orthoclase, micropertliite. a little plagioclase, much hornblende and a little

biotite. There is no micropegmatite in the sections studied. The porphyritic crystals

are orthoclase, sometimes a little crushed at the edges. While micropegmatite seeriis

absent from the normal rock there is a reaction rim an inch or two wide at the contact

of norite with this granite in the Creighton open pit, which shows coarse pegmatitic
intergrowths, forming crystals often more than an inch in diameter. As the norite at

this mine contains appreciable amounts of micropegmntite, such a reactirn rim is not

surprising.

The rock just described passes by gradations into a darker gray rock with much
more hornblende and less quartz, which shoidd be called syenite.

Near Copper Cliff there is a porphyritic granitoid gneiss, paler in color and with
smaller phenocrysts, which has been used as building stone in the town. It contains more
quartz than the Creighton rock, and little or no hornblende, but biotite in small quan-
tities. The feldspar is mainly microcline, but there is some orthoclase and oligoclase.
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Similar gneiss has been collected from other places, bvit has not been studied in thin
sections.

While the coarse granitic rocks are generally older than the norite, there is a medium-
grained tlesh-red granite covering considerable areas from near Elsie to Little Stobie,

which is undoubtedly later in age, since it penetrates the edge of the norite at Murray
mine. The rock is normal granite with much quartz and microcline, some microperthite
and orthodase, a' little oligoclase, a small amount of biotite ami still less muscovite.

Xo micropegmatite was observed.

As this granite occurs close to both the nickel eruptive and the older norite it is

probably a later member of the same family of rocks. An analy.sis by Mr. James Horton
gives the following results

;

Per cent

.

SiOo. 75.62
Al.O, 11 .02
FfcO., 3.17
Fe" 1.29
.MuO 12
M'O 2(i

'aO 58
K... O 5.33
N'lij 3.11
TiO. Ifi

UoO 10

Specific gravity, 2.39.

It is evidently a quite acid granite. Caliulatiiig the normal minerals for the

chemical composition we find the following:

Per cent.
Quartz 35.76
Orthoclase 31.14
Albite 26.20
Anorthite 306
Hyperethene 62
Ferric oxide ^63

Probably part of the sodium belong.s to the orthoclase, since the extinction angles
of the plagiocla.se correspond to oligoclase and not to albite. According to the new
srV.'rtem the rock may be called Omeoze. a dopotassic, peralkalic rock belonging to the
order Britannare. but near the boundary of Columbare. It is the most acid of the recks
supposed to have sprung from the hearth of the nickel-bearing eruptive.

GRANITE FROM DIKES

Several dikes of granite near Copper Cliff are evidently later than the norite, since
tl-ev cut the nickel rock. They are gray, and consist mainly of quartz, orthoclase and
oligoclase with some biotite and muscovite. A few masses of flesh-colored granite enclosed
in norite, probably as dikes, northwest of Murray mine and of Little Stobie are of much
the same character.

As small dikes in larger dikes of diabase, a grayish fine-grained granite forms the
latft^t rock in the region, perhaps a last upflow of the original magma from which th:e

eruptives described above had their origin. It consists essentially of quartz and ortho-
clase with a little oligoclase, the only dark mineral being biotite, which in two put of
three sections is changed to chlorite. Except for the slightly porphyritic habit of a few
feldspar crystals, there is little to mark this as a dike rock.

It is surprising to find all the granites associated with the nickel eruptive, repre-
senting as they do at least three ages, so very different from the acid edge of the erup-
tive itself. The latter almost always consists to the extent of more than one-half of

micropegmatite. the feldspar being orthcclase with a larger amount of plagioclnse

;

while the other granitic rocks never have a micropegmatitic structure except for an inch
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or t\v(i in contatt with tlif iioritt' at a icw of tlie minos. The iraiiitcs liavc always a

tiiiich larger amount of potash than of soda feklspars also, whitli makes another point

of contrast. It is clear that thev are not direct derivatives of the nickel eruptive magma,
though thi'v prolialily oriuiinated in tlie same source at earlier or later times.

tiranite dike in diabase, west of Sudburv.

DIABASE

K.Kcept for the lew .small dikes of granite which cut them, diabase is the youngest

rocks of the Sudbury district, cutting all the others as dikes. The dikes are numerous
and generally contain very fresh material, which, however, very readily weathers into

.spheroidal forms. Professor Walker-i- and Dr. BarlowN.i have paid considerable attention

to these handsome rocks, the former having analysed a specimen, and the latter having

mapped a number of the dikes near Sudbury. Some of the dikes are very porphyritic,

containing tabular plagiocla.se crystals of all sizes up to a square inch in area, but other

dikes near by are not porphyritic. The larger dikes are very fine-grained at the edge

and gradually become coarse-grained in the middle ; and where the dikes cut ore, as at

the C'reighton mine, their edges may be chilled so far as to become glassy. In the ore

there are curious boulder-like pro.jections from the dikes, as if occupying rounded cavities

in connection with the fi.ssure filled by the diaba.se.

43 Quar. Jour. Geol. See. Vol. LIII, pp. 62-65.

oGeoI. Sur. Can. Vols. XIV. Part H. pp. 90-92.
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There are probably diabase dikes of two ages in the region, one the exceedingly

fresh rock just referred to, and a less numerous class, now greatly weathered, the por-

phyritic dikes belonging to the first class. The coarser parts of the dikes consist of

plagioclase (labradorite), at least one-half, lilac or reddish brown augite a quarter, oliv-

ine one-fifth, and biotite, magnetite and apatite for the rest. The plagioclase is dis-

tinctly ophitic and often imbedded in the augite or even the olivine. The order of

succession is magnetite and apatite, olivine with plagioclase partly overlapping it,

plagioclase, augite ; all the other minerals being sometimes enclosed in the last mineral.

In smaller dikes or near the edge of larger ones, plate-like phenocrysts of plagioclase

are enclo.sed in a fine-grained ophitic ground-mass of the minerals named above; and

at the edge of dikes against ore the porphyritie crystals of plagioclase and also of augite

are contained in a glassy basis pierced in every direction by minute plagioclases. Many
of the larger laths of the second crop of plagioclase have narrow inclusions of glass in

the centre.

The type just described is best displayed at Creighton mine, but the coarser-grained

varieties are widely spread in the region.

The dikes which are thought to be older may occur with the other ones, but it hUs

not been proved that the others cut them. They are not porphyritie, are less ophitic

than the fresh diabases, and the augite and olivine, if any of the latter mineral existed,

are completely changed to secondary hornblende, magnetite and leucoxene. There is

present also a little cpiartz, which is entirely absent from the fresher rock.

The results of an analysis of fresh olivine diabase from a dike near Murray mine

is given as follows by Prof. Walker

:

Per cent.
SiOo 47 .22

Al.'O, lfi..=>2

F&; O3 3.32
FeO 12. -in

MeO 3.33 '

Cad 9.fil

Na., O 3.40
K/0 J.. .67

h;o SO
Ti'Oo 3.fi2

P., ()"-, 33

MnO 04

BaO 01
OiiO trace.
SiO 037.'>

Ck)0 OO.i.S

Total 100 X03

Specific gravity 3.01

The analysis shows that the rock is very basic, much more so than the nickel-

bearing norite, but that it contains only a little nickel. The large amount cf titanium

accounts for the peculiar lilac or reddish color of the augite.

Whether the diabase is to be looked on as almost the last member of the succession

of segregations from the great nickel-bearing magma is not certain. Dr. Barlow suggests

that the weathered diabase containing some quartz near Copper Cliff is connected with

the norite of the eruptive. These dikes are undoubtedly later than the norite, which

they cut sharply across, but they may belong to the succession. The fresh olivine diabase

seems to me more probably distinct from the main hearth, since very similar olivine

diabase porphyrite occurs as dikes at various places to the west, e.g. north ot Lake

Superior, where no connection with any nickel eruptive can be assumed. Exactly why

such similar dike rocks should have been erupted from point to point along a distance

of hundreds of miles is hard to explain. The western dikes are generally supposed to

have a connection with volcai}ic activity during Keweenawan times, when they penetrated

the Animikie and lower rocks, and it is not improbable that the fresh Sudbury olivine

diabases are of the same age and conected with similar phenomena.
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It should be mentioned that olivine diabase is not confined to well defined dikes in

the Sudbury region, though that is its commonest mode of occurrence. On the south half

as lot 11, con. VI, of Denison township an irregular mass of fresh olivine diabase spreads

out as hills to the width of 1,200 feet, cutting across the Worthington nickel-bearing

offset, forming a boss instead of a dike, or possibly resembling on a small scale the Logan
sills of olivine diabase in the Animikie near Port Arthur.

Petrography of the Sedimentary Rocks

LOWER HURONIAN SEDIMENTS

As mentioned previously the oldest rocks in the region are sediments belonging to

the iron formation, which occur a short distance north of the northern nickel range near

Clear lake in the northern part of Wisner township, near the outlet of Wahnapitae river

in the lake of the same name, and to a much larger extent in Hutton and other town-

ship.s .several miles to the northward. These sedimentary rocks, consisting of granular

silica or jasper interbanded with magnetite, are interfolded with greenstones and green

schists. As they have been described in former reports of the Bureau of Mines, they

will not be further discussed here except to state that they belong to the upper part

of the Keew.atin of the latest classification (Lower Huronian of previous reports of the

Bureau).

«

The oldest roclv-s in contact with the nickel ranges belong to the next formation

above, now called the Lower Huronian, including arkose, quartzite, graywacke and slate,

older than the Laurentian and underlying the nickel-bearing sheet. Their petrography

has been touched on bv several writers. Prof. T. G. Bonneyjs and Prof. G. H. Williams-t*

being probably the earliest, followed by Prof. "Walker in his Inaugural Dissertation (1897),

the present writer in various reports of the Bureau of Mines, and Dr. Barlow in his

report on the Sudbury mining district in 1904.

Bonney is greatly puzzled with these rocks, which he hurriedly visited soon after the

Canadian Pacific railwa.v reached the locality. In reality it is clear from his account

that he has confused two or three distinct series in his work, and naturally had difficulty

in harmonizing matters. He is inclined to think the quartzitic rocks sedimentary, but

finds them so completely re-crystallized that they might be granite. He refers to the

numerous crush breccias, but seems not to distinguish them from true conglomeratee.

Williams describes a number of sections of quartzite or arkose near Copper Cliff

and elsewhere, but hesitates whether to call them elastics or felsites, which is not sur-

prising when his material consisted only of small specimens with no assistance from the

field relations.

Dr. Barlow gives a good description of the microscopic characters of these rocks and
admits that some of them are altered sandstones, but thinks the larger part were volcanic

ash.

In my own opinion the major part of them are water-formed sediments, sandstone

or arkose, largely re-crystallized, the materials being of eruptivf origin, though not ns

ash, but as derived from granitic rocks by ordinary clastic methods.

Part of these rocks are pale flesh-colored and very fine-grained, having the look of

felsite and presenting little evidence of bedding ; though they are associated with

beautifull.v stratified rocks and seem at tim&s to pass by transitions into them. The
rocks near Copper Cliff, which have sometimes been taken for felsite or syenite, are good

examples of the variety showing hardl.y anv bedding.

Sections consist of completely interlocking grains of quartz, orthoclase, microcline

and a little plagioclase. There Ls seldom a hint of waterworn fragments, though occa-

sionally the centre of a grain is a little cloudy. Regeneration has gone to the extreme.

L
44 Bur. Mines. Ont., 1903, pp. 318-321: also 1904, pp. 216-221.
4"; Jour. Geol. Soc, London. Vol. 44. 1888. pp. 32-44.

46 Geol. Sur. Can., 1890, Appendix I. Part F. pp. 65-82.
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and sections have quite the look of a fine-grained granite. There are, however, small

dirty particles that do not seem to belong to a granitic rock. , Occasionally large grains

are bedded in the finer matrix with a suggestion of porphyritic striutiue, but they have

no crystal outlines and are generally composite. In more highly metamorphosed parts

long blades of green hornblende are developed, suggesting a variety of coarse syenite.

Thin sections show the hornblende to be in very imperfectly formed crystals.

Specimens from points between Copper Cliff and Sudbury have more of a granular

arrangement than near Copper Cliff, with fine debris between the grains, and are banded
with finer and coarser layers and seem to contain minute rounded pebbles slightly

different from the ground-mass. In addition to granules of quartz and feldspar, epidote

and a considerable amount of biotite in minute wales can be determined.

Specimens taken from between Stobie and Blezard mines are formed of interlocking

grains of quartz, orthoclase, a little microcline and a little oligoclase. There are a few

shreds of hornblende also and a little of a dark mineral, probably magnetite.

On th? whole these flesh-colored re-crystallized arkoses are very vinsatisfactory rocks

to study, and they pass into rocks so c( mpletely re-arranged that thev might properly lie

called re-composed granites, appl.ving the term used by Dr. Barlow.

On the other hand, there are tra:isitions to pure quartzites in which feldspar is

almost absent and only quartz and some scales of chlorite or biotite with a little inde-

finable dirty-looking material can be distinguished. Good examples of the last variety are

found on the hill near Headquarters, in Garson township.

There are also transitions to graywacke, in which the muddy materials containing

fragments of quartz and feldspar are to an extent re-crystallized into chlorite.

GRAYWACKE

The other main type of Lower Huronian sediments has been referred to in previous

parts of this report as graywacke. though it includes also impure quartzite and slaty

varieties, interbedded with the graywacke. These rocks are fine-grained, never flesh-

colored, but always some tone of light or dark gra.v, and in hand specimens are ofte?i

so uniform in appearance that they might be taken for a fine-grained basic eruptive,

Weathered surfaces are lighter gray and disclose structures evidently water-formed. On
glaciated parts the more quartzose layers retain their smoothness, but the softer layers

of a .somewhat slaty character may be deeply attacked, bringing out sharply the bedding

of the ong,iual sandstone, sometimes also cross bedding and cross sections of ripple

marks. Still more common are the pseudomorphs after silicates rich in alumina, Buch

as staurolite, whose outlines are often very distinct and of all dimensions from a grain

of rice, in the so-called "rice rock," to forms five inches long. In many cases the pseudo-

morphs are pale gray or even white and stand out .strikingly frorrt the darker tone of

the rock. Specially good examples of these pseudomorphs are found near Stobie and
Frood mines.

Thin sections of these rocks show much the same minerals as are found in the

arkose, but generally more quartz and always more of the micaceous minerals, scricite

(or talc), chlorite, and biotite, as well as indefinable somewhat opaque materials. The

shapes of the original sand grains are often distinct. In the same section there ma.v

be co'irsely granular quartz with dusty materials between, and finer-grained l.iyers of

minute grains of quartz and feldspar confusedly mixed with sericite and chloritic scales.

The pseudomorphs are often of nearly pure finely 2:r.-inular qviartz. but sometimes of

sericite or chlorite. \o trace has been found of the unchanged staurolite, thoush the

six-sided cross sections and St. Andrew's cross twins are conclusive as to the original

mineral. As this is a mineral usually formed in slaty rocks near an eruptive contact,

we ma.v suppose that the slaty graywacke was locally metamorpho,sed by adjoining

gabbro or norite masses, or perhaps in some cases b.v bands of granite.

Parallel with the graywacke having porphyritic pseudomorphs after staurolite near

Frood and Stobie mines is a band of 5;ra,vwacke of a coarser texture, seeminglv made
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of obscure fragments of rock with concretions of paler color scattered through it, and

containing large oval or eye and eyebrow-like masses of quartzite. There seem to be

gradations between the apparent concretions and the larger quartzite masses. The

latter are as well rounded as pebbles, but generally have a concave hemispherical slice

shifted half an inch away from them, in cross section showing a large oval eye and

crescent-shaped eyebrow. The cause of these curious shapes is not known.

Thin sections of the graywacke consist of quartz, orthoclase, microperthite, much
biotite, and some epidote, mostly as completely interlocking crystals. The vague

pebble-like or concretionary forms seen on weathered surfaces differ from the matrix

only in a slightly different size of the grains and a less amount of biotite. The "eyes"

are of quartzite with sharp margins.

A section of graywacke with rather distinct concretions but no "eyes," consists of

(he same minerals, the vaguely edged concretions having finer-grained materials and

less of the dark minerals.

This rather narrow band of rocks has more of the feldspars tfaian the graywacke des-

cribed before, and is sf mewhat more completely re-crystallized, perhaps because nearer to

eruptive rocks. Whether they are related to the singular hornblendic rocks containing

crowded pea or bean-like white spots is uncertain ; the different composition of the latter

seems to set them apart. Beside the graywacke containing pseudomorphs or concretions

there are near Frood mine mica schist and fine gray gneiss that probably present a still

more completely re-arranged sediment, in which no water-formed structure remains. They

consist of quartz with small amounts of clear feldspar, muscovite, biotite, chlorite and a

little magnetite, the grains interlocking and showing no evidence of rounding by water.

GRAYWACKE CONGLOMERATE

Near Ramsay lake and at some other points in the region there is graywacke of

a different kind from the rocks hitherto mentioned, with no marked stratification, but

occasional angular or rounded pebbles or boulders, of more than one sort of rock, es-

pecially a reddish granite with very little in the way of dark minerals, and quartzite

of different varieties. Near a small lake north of Ramsay lake fragments of the well

stratified graywacke described on a former page occur in this rock near its margin, but

they may have reached their place by faulting. On the shore of Ramsay lake a small

promontory consists largely of a crowded conglomerate of the rocks mentioned with the

stratified graywacke overlying it, as if a basal conglomerate had been overturned, but the

evidence is not clear.

Since the graywacke conglomerate contains quartzite very like some of those which

have been described as belonging to the Lower Huronian, it must be considered later

in age, but the real relationships of the two rocks cannot be settled positively at present.

The ground-mass of the conglomerate is very dark gray on fresh surfaces, and shows

small broken grains of quartz or of fine-grained quartzite. Thin sections contain frag-

ments of quartz, angular or well rounded, of various sizes, embedded in a ground of

much finer particles of quartz and perhaps feldspar with minute scales of brown biotite.

The quartz grains are generally of a single cry>stal, though some are compound. Less

numerous than the quartz grains are small fragments of plagioclase (oligoclase) and

orthoclase or of felsite or quartzless porphyry. No marked amoiint of re-crvstallization

is to be seen except for the tiny scales of mica thickly scattered through the feldspar

and felsite.

In macroscopic appearance the rock is more like boulder clay than anything else

among modern rocks, and the microscopic characters do not conflict with this idea; but

it might be rash to assume glacial action so early in the world's history.

THE TROUT LAKE CONGLOMERATE

The rock mapped as the Trout lake conglomerate, which is older than the nickel

eruptive, but much younger than the previous sediments, lies between the acid edge

9m (ni.)
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of the eruptive and the Onaping tuff, and in a sense is intermediate between them, the

lower part being so changed by the presence of the eruptive during its long period of

cooling as to resemble it closelj', being distinguished often oulj- by the presence of

coarser-grained and redder patches with vague edges, which were pel)bles or bculders

of granite. In the upward direction the conglomerate may contain thin bands of white

quartzite, gray chert or a green gray fine-grained rock; but finally passes into gray,

fine-grained, crystalline-looking rock, containing angular or rounded fragments of chert

and less often pebbles or boulders of granite and quartzite. This has no sharp boun-

daries separating it from the dark gray vitrophyre tuff.

The whole of the different phases mentioned above are considered to be ordinary

water-formed sediments with little or no volcanic matter, but greatly modified by solu-

tions coming from the laccolithic sheet beneath.

Where typically developed, but somewhat rolled out, the base of the conglomerate

suggests certain Laurentian gneisses, being generally flesh-colored or gray with some

parallelism of structure, the matrix like a fine-grained gneiss, the flattened boulders

having a coarser grain and somatimes porphyritic feldspars. This phase soon passes into

a fine-grained, somewhat speckled green gray rock with numerous flesh-colored or paler

gray inclusions, the whole having the look of a variety of the Keewatin agglomerate

of Rainy lake.

The less altered conglomerate has generally a darker gray fine-grained matrix and

boulders or pebbles of lighter colored rocks with well defined outlines.

Thin sections of the matrix of the conglomerate near the acid edge of the eruptive

have quite the appearance of a massive rock of the same composition as the acid edge

itself, but with little or none of the micropegmatitic structure so characteristic of that

rock. In fact every transition can be found between micropegmatitic grano-diorite of

the typical acid edge and the matrix of the conglomerate, containing x:ndoubted but

vaguely edged granite boulders, so that the boundary between the eruptive and the

sedimentary rock is no more sharp in thin sections than in the field.

At the very edge of the acid phase of the eruptive there are often small flesh-colored

areas with a number of green epidote crystals and sometimes a space unfilled, and these

patches are found also in the more altered phase of the conglomerate. Good instances

of the transition are seen near Joe's lake. A specimen of gray fine-grained rock con-

taining a pink granite pebble taken from near the eruptive edge at the outlet consists

of quartz, orthoclase and much plagioclase in long strips with a little chlorite. The
quartz is mostly granular, but partly in rude micropegmatitic intergrowth with feldspar,

and in general appearance under the microscope the rock can be matched with specimens

from the eruptive, and would be classed with it but for the enclosed granite pebbles.

A section from a sample taken 100 yards from the eruptive edge, containing a fine-

grained granite pebble and numerous fragments of pale flesh-red and of green rocks,

is mni b like the last one except that it is finer-grained and has a few large crystals of

green epidote. At 180 yards the characteristic dark grayish tufi occurs, crowded Vith

glass fragments.

A series of specimens taken from south of Moose lake shows more variety. The
acid edge is coarse and reddish gray, with patches of red enclosing green epidote or

small vugs with epidote crystals, and is rafede up to the extent of more than one-half

of very elaborate micropegmatite about plagioclase crystals. Forty paces south there is

undoubted conglomerate with granitic boulders in a matrix of the same minerals as the

acid phase of the eruptive, but with only rough intergrowth of quartz and feldspar, and

with numerous patches of greatly weathered orthoclase. Forty paces farther south there

is a band of white quartzite or arkose about 60 feet wide, consisting of greatly crushed

quartz and feldspar. One hundred and fifty paces from the edge the rock is fine-

grained, bluish-gray, and contains pebbles of granite and quartzite with indistinct edges,

one flesh-colored pebble enclosing green epidote. A thin section of the matrix might

easily be taken for the acid eruptive, being made up of the same minerals, with micro-

9a M. (Ill)
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pegmatite developed tc various degrees, sometimes very elaborately, at others only hinted

at by a rough intermixture of quartz with feldspar or by a tendency of the quartz to

grow out with rounded projections into the other minerals.

The nest specimen , 180 paces from the acid edge, i^ much like the one just described,

but a thin section shows no micropegmatite, though the curious growth of the quartz

in bunchy masses is more pronounced than in the former, and feldspar is present in

less amount.

The next specimen is of a quite different kind, bluish gray and cherty in appearance

with many angular fragments of whiter cherty fragments, proving in thin sections to

consist of quartz with innumerable tiny crystals of epidote. This rock, 200 paces from
the acid edge, is thought to belong to the overlying tuff rather than to the conglomerate.

A specimen of conglomerate near the acid edge at Onaping is much less granitic

looking and in thin sections shows no resemblance to the acid phase of the eruptive,

consisting of quartz and feldspar blending into one inolher with chlorite scales and
often radiating bundles of actinolite. This matrix encloses grains of quartz and some
angular fragments of a rock like very fine-grained quartzite.

A good series of specimens of the conglomerate comes from south of Windy lake,

where the band is wide, and resembles that from Joe's lake, but thin sections of them
have not been made. Another interesting collection comes from a small lake near the

middle of Trill township, comprising arkose and a cherty rock as well as conglomerate.

A section of the last rock is made up of quartz, orthoclase, epidote and chlorite, with

embedded fragments of quartzite, and does not resemble the acid eruptive.

Specimens of schistose conglomerate from the north shore of Whitewater lake have
numerous pebbles of granite and quartzite, and a few of green schist in a fine-grained

gneissoid ground-mass, too much sheared or squeezed to show original structures.

In a general way it may be stated that the Trout lake conglomerate has been greatly

metamorphosed near the acid edge of the nickel eruptive, the process often going so

far that the matrix, probably arkose in the beginning, is completely re-crystallized into

a rock containng the minerals of the acid eruptive, even the micropegmatite structure

being produced to some extent. The enclosed pebbles, being of crystalline rock such as

granite and quartzite, have undergone less change, but their boundaries have been

blended with the matrix to a considerable degree.

THE ONAPINQ TUFF

No rock in the Sudbury district except the nickel-bearing eruptive itself has

attracted more attention than the tuff (or vitrophyre tuff) which runs as a range of hills

round the outer edge of the basin with the conglomerate between it and the acid edge
of the eruptive. This rock appears to have been noticed first by Prof. Bonney at the

High falls of the Onaping, being described as a "fragmental rock like a volcanic ash.

. . . . The finer matrix is almost opaque, a very dark dust ; the smaller fragments
are quartz (not abundant) and altered feldspar or devitrified glass. The larger have
probably been a moderately acid glass, sometimes vesicular The zonal ar-

rangement of some of the evitrification-structures suggests that the changes have taken
place in situ.'U?

Dr. Bell was struck with the rock and sent specimens to Prof. G. H. Williams, who
gave an excellent description of their microscopic characters, with an illustration,

naming the rock vitrophyre tuff.^s He found the ingredients to be mainly glass frag-

ments, now largey silicified. The present writer, having a larger amount of material,

added a number of substances, largely clastic, to the list contained by the tuff;49 and
Prof. Walker and Dr. Barlow have described them in their reports on the region, the
latter quoting Williams' account of them. 5°

47 Ouar. Jour. Geol. Soc, London, 1888. Vol. 44, p. 40.
48 Geol. Siir. Can., 1890, pp. 74 and 5 F.
49 Bar. Mines. 1903, p. 291 ; also Can. Reo. So., 1893, p. 344.
SoGeoV Snr. Can., 1904, p. 73 H
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The rock is very dark gray and compact witli many specks and angular fragments

of paler material and also of pyrrhotite. It weathers to brownish and whitish surfaces

which are very rough, since some of the glass fragments weather out sooner than the

matrix. Here and there pebbles or boulders of red granite and of gray quartzite occur

in the tuff, and also blocks of a grayish cherty rock, wkich takes a streak from steel,

but which sometimes weathers in a way unlike chert. No bedding has been observed

by me, though the well rounded pebbles enclosed suggest strongly that the ash was

deposited in a body of water. Prof. Walker has noticed stratification, however, near

Wlhitson lake.

The rock breaks with a conchoidal fracture and is very hard and brittle, many of

the included fragments being changed to chalcedony, and as Bonney notices, having

occasionally a concentric arrangement due to water action since the rock was formed.

In thin sections angular fragments of different sizes are crowded together with a

small amount of almost opaque material between. The sl^arp-edged splinters and frag-

ments of glass are very striking, some showing fiuidal structure, others apparently

pumice or slaggy glass with round or oval inclusions now filled with green serpentine,

while the clear parts are chalcedony. Some of the fragments consist entirely of ser-

pentine, others entirely of chalcedony, and still others of chalcedony on the outside and

serpentine in the middle. There are also fragments with chalcedony on the outside and

crowded epidote crystals in the middle, the latter mineral occurring also as radiating

forms in round masses like tiny amygdiiles. Beside the glass sherds, now completely

devitrified, there are fragments of quartz and less often of feldspar, both striated and

unstriated, some fibrous hornblende, and also calcite or some other carbonate, either

as single individuals or as composite masses. The carbonates may he products of re-ar-

rangement of some volcanic rock, and all the other substances mentioned may be of

eruptive origin; but the small pebbles of quartzite and of fine-grained granite must be

clastic materials, and the same is true of the large masses of the same rocks enclosed

as rounded boulders in the tuff. The source of the blocks of cherty rock in the tuff 'S

not clear unless they come from cherty developments near the top of the next lower

series, the Trout lake conglomerate.

The best examples of vitrophyre tuff in my collection coilie from Onaping, near

Trout lake in Bowell township, and the southern part of Wisner township. Good

examples are found also north of Whitson lake, where Prof. Walker obtained the ex-

ample which he analyzed with the following results : S'

SiO.. Fi9.93

AUba 12.12
Feb 10

.
.5fi

>tgO 5.19

CaO 4.49

Na«0 3.X0

K.O 97

MilO trace
Los.s by ignition l.^'

Total 98.63

A partial analysis of the rock from Onaping, by Dr. Hoffman gives 60.23 per cent,

of silica, which does not differ greatly from 59.93.

The dark gray or black variety of tuff described above passes downwards into a

paler gray rock with lighter fragments scattered through it, the lighter portions some-

times containing darker streaks and spots. The edges of the included fragments are

not quite as sharp as in the variety described above, but in the earlier stages the main

difference to the seen under the microscope is the loss of the dark coloring of the matrix

and the disappearance of the smaller chips of glass, the larger one still showing their

flow structure, etc., and consisting of serpentine and chalcedony.

Still nearer the conglomerate, at Moose lake, sections of the gray rock show fewer

structures which can be referred to devitrified glass fragments, and tlie whole rock is

c: Qn.Tr. Jour. Geol. See, Vol. 53, p. 45.
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changed to chalcedony or a mosaic of crystalline quartz with much epidote and some

chlorite or mica. Evidently the change is due to proximity of the acid edge of the nickel

eruptive, which at thus stage is only a few hundred or a thousand feet away. Very

similar changes are seen at Onaping but no tliin sections of them have been studied.

On the opposite side the vitrophyre tuff passes into slaty phases, black, with paler

and also darker flakes, probably representing flattened fragrrents of some kind, perhaps

volcanic. Occasionally there is a small grain of quartzite also. The slaty cleavage,

while distinct, gives rather rough surfaces unlike those of the Ouwatin slate into which

this rock grades.

Thin sections show plainly that the slaty rock is related to the tuff, since there is

a black, almost ojiaciue ground with many light-colored angular frajrnients of glass

changed to serpentine and chalcedony, sometimes perlitic, biit there are many specks and

larger areas of carbonates, and pyrite crystals, often with chalcedony radiating from

them. The black coloring matter seems to be carbon as in the slate, and is confined to

rounded flakes too opaque for determination. It is surprising to see so little crushing

or stretching of the glass sherds in a rock showing such marked slaty cleavage.

In general the slaty tuff contains more of the ordinary clastic sedimentary material

than the harder variety, such as grains of quartz and of a dolomitic rock, both of which

are present in large numbers, as well as the carbonaceous flakes mentioned above. Ill

fact, the glass fragments form less than half the rock, which is really a transition

toward the elate.

THE ONWATIN SLATE

The black slate into which the slaty variety of tuff merges is free from visible

fragments of any kind, compact in appearance and very cleavable, the cleavages crossing

the stratification, as shown by slight dfferences in texture. The surface weathers gray

owing to the slow oxidation of the carbon which gives the black color to the fresh rock.

Near Vermilion lake there has been a great deal of faulting and slickensiding in places,

and here the polished surfaces have the feeling of graphite and soil the fingers ; the

color, however, is darker than that of graphite. Thin slivers turn pale gray when held

in a flame and lose several per cent, of their weight, while a specimen analysed by Dr.

Ellis contained 6.8 per cent, of carbon. If the carbon is estimated at 5 per cent, of

the Onwatin slate, which has a thickness of 3,700 feet, the total amount is 460,000,000

tons per square mile. The area of slate is about 140 square miles, and it would be a

very respectable coal field which should contain as much fuel as this sheet of slate. It

is probable that the carbonaceous matter was originally of a bituminous kind, since

the vein of anthraxolite mentioned in a previous chapter could only have been formed

in that way.

Thin sections are not very satisfactory, since they are untransparent unless ex-

ceedingly thin. The minerals recognized are quartz, sericite, chlorite and the dark

colored, opaque, carbonaceous matter. Xo rutile needles have been observed.

THE CHELMSFORD SANDSTONE

Overlying the slate and to a slight extent interbedded with it is the gray sandstone

or arkose rising as anticlinal hills in the centre of the basin. The rock is monotonous

in color and in compositon, but in places contains a vast number of concretions from

a few inches to three or four feet in longest diameter, with half that width. Except
that the concretions weather more quickly than the surrounding rock and form oval,

somewhat rusty depressions, the surfaces of the outcrops are singularly uniform. To

the naked eye the composition of the rock is not evident, except that grains of quartz

and sometimes feldspar cleavages and scales of mica are visible in the coarsest parts,

where in rare instances small pebbles may occur. Thin seams of gray slate often part

the sandstone beds, and may be squeezed into small folds and contortions. Slaty cleav-

age is marked in these finer seams and is often visible in the sandstone as well.
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Thin sections of the slaty layers have the same composition as the Onwatin slate

except for the lack of the dark carbonaceoiis substance. The sandstone consists largely

of angular or rounded grains of quartz, though there are also decaying grains of ortlio-

clase and microcline, and fresher ones of oligoclase, all imbedded in a dirty matrix,

while biotite occurs sparingly. Thin sections of the concretions contain grains of the

same minerals to the extent of about a third, the rest being a carbonate, which effer-

vesces with cold acid, so that the concretions have the composition of impure limestone.

The longest axis of the concretions Ls always parallel to the strike, probably indi-

cating compression, and the flattening of the concretions and the imperfect slaty

cleavage must have been caused by the lateral pressure which produced the folds.

In previous maps of the region the four subdivisions of the sediments overlying the

sheet of nickel eruptive have not been distinguished, and in some cases the conglomerate,

which is schistose in many places, has been placed with the older Huronian sediments,

the large amount of metamorphism which it has undergone near the acid edge of the

eruptive giving it a much more ancient appearance than the other sediments. The

widest part of the conglomerate, south of Gordon lake, was formerly included with the

schistose edge of the nickel eruptive in the general Huronian color, which extended as

a band from Gordon lake to the southwest end of lake Wahnapitae. The rest of the

conglomerate was included with the tuff and part of the black slate under one color,

the remainder of the slate and the sand.stone having a separate color in the interior of

the basin. Until our work of mapping the acid edge of the eruptive in detail was com-

plete it was not known that the conglomerate formed a continuous, if sometimes narrow,

belt round the other sedimentary rocks.

DEVELOPMENT OF THE NICKEL FIELD

The literature bearing on the development of the Sudbury nickel mines has grown

to be very voluminous. Most of the articles will be found referred to in previous reports

of the Bureau of Mines ; and a very complete resume of the subject with its literature

will be found in Dr. Barlow's report of 1904. 5^ It will be unnecessary therefore to cover

the whole of the ground in detail. It is intended to give here a brief, but fairly com-

plete, account of the work done in the district, drawing on all sources of information,

including personal accounts of participants in the work, not hitherto in print. Though

the history of the region is comparatively short, since the first discovery leading to

mining operations was made in 1884, there are doubtful points in regard to it and

occasional conflicts between the statements cf different .Tuthorities. The .sources of

information will be referred to as the chapter progresses, but the most important

authorities relied on are Dr. Bell, Dr. Barlow, Dr. Peters and Capt. James McArthur.

Most of the earlier statements are contained in the Report of the Royal Commission on

the Mineral Resources of Ontario, the Annual Reports of the Bureau of Mines, and the

Reports of the Geological Survey of Canada.

Though nickel and copper were discovered in the Sudbviry district in 1856 by

Murray, near what is now the Creighton mine, no importance was attached to this

occurrence as long as the region was inaccessible by railway ; and the history of mining

in the district dates from the construction of the Canadian Pacific railway in 1883, when
Dr. Howey found the deposit since called the Murray mine. 53 Early in the next year

B cutting on the railway opened up the same deposit, and in the same year numerous

other ore deposits were found, such as the Stobie, Copper Cliff, Evans and Blezard mines.

SjGeol. Sur. Can., 1904, Part H, pp. 147, etc.

53 Ibid., pp. 23 and 24.
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These properties were all taken up for copper, the pyrrhotite being looked on as of no

value, though it was suggested by Selwyn and other geologists that the mineral sometimes

contained a little nickel.

It is surprising how many of the more important mines were found within the first

year or two, but the fact that most of them were indicated by rusty hills of gossan no

doubt accounts for the ease with which they were discovered. Even the Creighton mine,

the latest of the large mines to be operated, was re-found in 1884. It is stated by Mr.

Thomas Frood that the land surveyor, Mr. John McAree, who surveyed the township

in 1884, noted the hill of gossan. Mr. Frood examined it in 1885 for other parties; and

in 1886 it was secured by the Canadian Copper Company.

Dr. Robert Bell, Acting Director Geological Survey of Canada, Ottawa, Ont. Dr. Bell's
paper on the Sudlaury Mining District published in the Eeport of the Geological Survey for
1890-91 gave tlie results of three seasons' labor in the field by himseh' and assistants. It was
accompanied by the first geological map of the region.

The work of indefatigable prospectors, such as Thomas Frood, Henry Ranger, Wil-

liam McVittie, A. McCharles and others deserves appreciative recognition in this con-

nection. It is astonishing how quickly and accurately they grasped the important
geological relationships, the association of ore bodies with the diorite, as the norite

was then named. It may be doubted if many ore deposits of value, except those which
have no outcrop upon the surface, have escaped their keen eyes.

Recognition must also be made of the great assistance furnished by the map of the
region published by the Geological Survey in connection with their 1890-91 Report. This

was naturally defective in various respects, since it simply embodied the rough results

of reconnaissance work in a wild, bush-covered tract of rocky and swampy country. Drs.

Bell and Barlow with their assistants furnished an excellent foundation for the pros-
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pector, and wherever they mapped the diorite, the ground was very carefully scanned,

thus aiding in the rapid development of the country from the mining; standpoint.

Railways

Until there were means of communication no deA-elopnient of mines could take place,

nothing more important than stripping and prospecting operations being possible; so that

the development of the various mines was dependent on the building of branches from the

new Canadian Pacific railway, which fortunately intersc ted the rugion. The Sault

Dr. Edward D. rcters. Donl.is'cr, :M;i=s. Dr. Petfis

is a well-known authoi ity on modern processes of ci ijiper

smelting, and was general manager of the Canadian
Copper Company from June, 1888. to May, 1890.

branch, running southwest from the junction at Sudbury, was easily connected with the

Copper Cliff, Evans mine and other adjacent mines by short switches. The Stobie and

Blezard required a branch five miles long to the north; and a short spur from Stobie

provided an cutlet for the Frood, or Xo. 3, mine. The Murray mine was already on

the line of the C. P. R. and required only a siding. These early mines were easily and

cheaply put in connection with the railway ; but before the Gertrude, Creighton and

North Star mines could be operated it was necessary to build eleven miles of expensive

track to the west of Sudbury, so that their development had to await the construction

of a part of the Manitoulin and North Shore railway.

The northern nickel range is still without railway cor.nections. and so cannot develop

beyond .the exploration stage.

The Canadian Copper Company

The history of the development of the Sudbury nickel region is very largely the

history of the operations of the Canadian Copper Company, and one naturally takes this
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up first. In 188.5, before the company was organized, Mr. S. J. Ritchie was interested

in the region and employed Mr. John D. Evans to survey several locations containing

copper deposits. The Lady Macdonald mine, now mine No. 4, north of Lady Macdon-
ald lake, was the first property on which work was done ; but the Evans mine, south of

what is now the Sault branch of the Canadian Pacific railway, near Copper Cliff, was
soon after opened up. Early in 1886 the Canadian Copper Company was organized,

with Mr. Ashman as superintendent, and Mr. Evans as engineer, and work began on

the Copper Cliff mine in lot 12, con. H, of McKim town.ship. Mr. Evans states that a

road was cut through second growth woods from the Sault branch to the mine, which

was then known as ''The Buttes." On the 20th of May a cutting was started about half

way up the slope, and as fioon as the rock was reached rich ore was exposed. Then

Capt. James McArthur, for many years general
manager Canadian Copper Company's

smelting works. Copper Cliff.

another horizontal cutting was made near the bottom of the slope reaching ore. Quarry-
ing of ore then began from the nearly vertical outcrop, and continued uninterruptedly

all the season, and 3,000 tons of ore were shipped at one time to New York for treat-

ment. Up to this time nickel was not suspected, but in the treatment of this large lot

of ore the nickel contents were discovered.

The first ore taken from the Copper Cliff is said to have contained 15 to 20 per

cent, of copper, the ore having been enriched in copper above the water level, below

which it gradually ran down to 8 or 10 per cent, of copper and nickel. It has proved
to be the richest in copper of the large mines, though surpassed in percentage of nickel

by the Creighton.

Two other mines, the Stobie and the Evans, were opened up later in 1886, and
the three mines supplied most of the ore treated by the company until 1899, when the

Evans was shut down. The Evans was worked mainly as an open pit, and with the

exception of two idle years furnished ore from the beginning of operations till it was
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closed. The Stobie mine, six miles to the northeast, in lot 5, con. I, of Blezard township,

was much the largest producer in the district until the opening of the Creighton. It

was worked, with the exception of one year, from 1886 to 1901, when it was closed down

finally after producing more than 400,000 tons of ore. It was worked partly in open

pits and partly by under ground mining. The ore, though not high grade, was less

mixed with rock than usual, and was useful in fluxing the richer but more silicions

ores of the other two mines, since it consisted largely of solid sulphides.

In 1898 two new mines became producers. No. 1, a short distance southwest of

Copper Cliff, and No. 2, north of Copper Cliff ; the former providing rich ore for a year,

and the latter average ore in much large quantity. No. 2 has been worked mainly as

an open pit, the opening giving a very impressive idea of the size and shape of an offset

John D. Evans, Trenton, Ont . :Mr. Evans vtsls the

Canadian Copper Company's first engineer, and as such
assisted in opening up the Copper Cliff mine in 1886,

3,000 tone of ore being shipjied to New York for treat-

ment in that year ; he had charge of constructing the first

smelting works for that Company under Dr. E. Peters

in 1888, the first shipment of matte being male there-

from 22ndMarch, 1889 ; and was general manager of the

Company from May, 1890, to June, 1893.

ore body, but one or two levels have been opened up beneath the bottom of the pit by

underground mining. When the Creighton came into full operation in 1903 this mine

closed down.

In 1899 and two following years mines No. 4 and 5, northwest of No. 2, yielded

some ore, and in 1900, No. 3, a mile southwest of the Stobie, often known as the Frood

mine, began to supply considerable quantities of ore containing some intermixed rock,

making it a useful flux for the solid pyrrhotite and chalcopyrite of the Creighton mine.
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In a year or two it also was closed down. The ore from the Frood and Stobie mines was

brought by rail to Copper Cliff, where it was mixed with the ore of other mines on the

roast heaps.

In 1900 the great Creighton mine, six miles west of Copper Cliff, was stripped, and

in the following year began to ship ore via the Manitoulin and North Shore railway to

Copper Cliff. As the deposit is immense and can be worked cheaply as an open pit,

while the ore averages higher in grade than any other in the district except the Copper

Cliff, this mine has supplied almost the whole requirements of the company for the last

three years, and the other mines have practically ceased operations. In spite of the

richness of the Copper Cliff, which has produced some ore very high in nickel from its

deepest workings, it has been closed down after reaching a depth iJ more than 1,000 feet.

A. E. Barlow, of the Geological Survey of Canada.
Dr. Barlow's Keport on the Nickel and Copper Deposits
of the Sudbury Wining District, published in 1904 as

Part H of the Geological Survey's Fourteenth annual
volume is a full and adequate treatment of the subject.

During the summer of 1904 the Creighton produced about 18,000 tons of ore per

month, and in total amount of ore it already far surpasses any other mine in the district

or in the world. The closing of all the other mines is stated to be due to the ease of

mining and richness of the Creighton, not to exhaustion of the ore bodies. If the

Creighton becomes worked out in the process of years, there are supposed to be large

reserves of ore still left in some of the other mines.

SMELTING OPERATIONS

The first smelting works was begun in .July 1888, under the directicn of the well

known metallurgist. Dr. Peters, Mr. James jMcArthur and Mr. J. D. Evans being his

assistants; and the furnace was blown in on the 22nd of December. This was the east

smelter, which has now been out of operation for several years. The first shipment of

matte was made on the 22nd March 1889.
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In 1890 Dr. Peters was succeeded as manager by Mr. Woodbury, who retained the

office only three months, when Mr. Evans was appointed manager and continued in that

position till the end of June 1893. A bessemcr plant was commenced in 1891, and

completed in January 1892.

Mr. James McArthur succeeded Mr. Evans as manager in 1893, and continued in

that position until 1902. During his regime the west smelter was erected near No. 2

mine in 1899, and the old, or east, smelter about three years later suspended operations.

In 1900 a new method of changing the low to high-grade matte was adopted, and the

Orford Copper Company put up the Ontario Smelting works, a short distance south-

west of the Copper Cliff mine. In this p'.mt the low-gr.ide matte was roasted in Brown

calciners, and then smelted a second tim.- in a waior jicket furnace, tlianging a 30 por

cent, matte to one averaging 75 per cent, of nickel and copper, corresponding nearly

to the former bessemer matte.

In April 1902, the Canadian Copper Company passed under the control of the

International Nickel Company, organized to take over this and a number of other

companies. Mr. A. P. Turner was made president of the Canadian Copper Company,

and Mr. John Lawson, superintendent.

A. r. Turner, Copper Cliff, piesiilent Canadian
Copper Company.

The second annual report of this company describes it as a consolidation of mines

and smelters in the United States, Canada, Great Britain and New Caledonia, including

the Canadian Copper Company, Orford Copper Company, Anglo-American Iron Company,
V^ermilion Mining Company, American Nickel Works, Nickel Corporation, Limited, and

the Societe Miniere Caledonienne. According to its statement of capital account in

1904 "the total assets of the company were $30,896,167, divided as follows: Property

of constituent companies, $26,864,275; Ray Copper mine, $40,000; advances to New
Caledonia companies, $348,363 ; inventories, $2,827,774 ; cash and accounts, $815,755

;

total assets, $30,896,167; common stock, $8,912,626; preferred stock, $8,912,626; stock

of constituent companies, $55,643; first mortgage 5 per cent, bonds, $10,221,836; loans,
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acrounts, etc., $1,617,476; depreciation fund, $412,709; surplus account, $763,251; total,

$30,896,167. The income account for the year shows the folowing receipts: Earnings

frnm constituent companies, $936,471 ; other income, $29,754. Charges were : For gen-

eral expenses, $112,185; interest, $512,938; total, $625,123. The net balance carried to

surplus account amounted to $341,102. "S4

following the combination just mentioned many changes took place in the work

of the company. Mining was gradually limited to the Creighton mine, and experiments

were made in regard to new methods of treating the ore, such as pyritic smelting in

place of I'oasting the ore before smelting. Many improvements were made in the town
of Copper Cliff, and the removal of most of the roast beds from the vicinity of tho

town to a swamp behind the hills to the north permitted to some extent the growth

of vegetation, so that the town was once more in sight of grass and green trees.

It was decided to build a new smelter on much improved and extended plans half

a mile to the east of the west smelter, and the work was brought to completion in the

fall of 1904. Meantime both the Ontario Smelting works and the west smeller were

burned, hampering operations for the time. After this the low-grade matte was shipped

to Victoria mines, whose smelter had been leased for six months from the Mond com-

pany, and there bessemerized, pending the completion of the converter plant of the new
smelter. The two 550-ton furnaces of the new smelter are far larger than those of

the old ones, and it is expected that they will permit an approach to pyritic smelting,

so that a smaller proportion of the ore will require roasting than formerlj'.

The new works are very advantageously placed on a hill side, so that all ore and
supplies maj' come in by rail at a high level, while tracks at tlu} level of the valley

below take charge of matte and slag, giving plenty of opportunity for disposing of the

latter without clogging up the immediate surroundings of the smelter.

The company is now developing a large water power on Spanish river with which

to supply electric power for all purposes at the smelter, thus saving fuel for steam,

which is very expensive in the Sudbury region.

After a long period of conservative but prosperous work in the past, the company
under new and progressive management, is making fresh departures in various directions;

and it is to be hoped that the new methods will prove even more successful than the old.

H. H. Vivian and Company

Although the Murray mine was discovered before the Copper Cliff and Stobie mines,

it was not worked until it passed into the hands of the famous Welsh metallurgical

company, the Vivians, who began to develop it in 1889. With one or two short inter-

ruptions it was worked until 1894. In 1890 the first blast furnace was blown in, and

the ore was treated in the usual way, by roasting in heaps, smelting in water-jacketed

furnaces to a low-grade matte, and bessemerizing this to a high-grade matte. The

Manhe ccnverter was first used in the concentration of nickel matte at the Murray

smelter. The low-grade matte is said to have contained only 9.4 per cent of nickel

and 4.7 per cent of copper, giving cleaner slags than by the Copper Cliff method, which

produced matte containing aboiit 30 or 35 per cent, of the two nietals. The bessemer

matte at the Murray reached nearly the same grade as that of the Copper Cliff, running

from 70 to 75 per cent, of the two metals. The high-grade matte was shipped to

Swansea for final treatment.

Since 1894 the mine has remained closed down, but 5,000 or 6,000 tons of roasted

ore were smelted in 1896, the matte being sent to the Whartons-of New Jersey.

The ore is said to have contained 35 per cent, of iron, 23 per cent, of sulphur, 2

per cent, of nickel, 0.8 per cent, of copper, and about 40 per cent, of matrix. The

pure sulphides averaged 3.6 to 3.75 of nickel and nearly half as much copper.

5 4 Mineral Industry, 1903, p. 276.
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Since then the only work done has been exploratory by diamond drilling at the

Murray mine and also at the Lady Violet mine, on the north half of lot 1, con. IV,

of Snider, about a mile and a half southwest of the Murray mine.

The Ontario Government drill was used toward the end of 1898 and the first half

of 1899, but no definite statement has been made as to the results. 54

Though the Murray mine was not one of the richest, it is probable that competent

local management would have given better results than were obtained by management

from England; and the failure and withdrawal from the region of so well known a

firm does not necessarily condemn the mining district.

Dominion Mining Company

The Dominion Mining Company owned and worked for some time the Blezard mine,

a mile north of the Stobie, in lot 4, con. II, Blezard township, and the AVorthington

mine at the station of the same name on the Sault branch about 2-5 miles west of

Sudbury. The former mine was opened up in 1889, and in the following year the

IiLspector of Mines states that 50,000 tons of ore had been raised. A smelter was con-

structed and the ore, after being roasted in heaps, was smelted in Herreshoff furnaces

to a matte averaging 27 per cent, nickel and 12^ per cent, copper, which was marketed

without bessemerizing. The ore from the Worthington mine which was opened shortly

after was partly rich enough in nickel to be shipped direct to market, while the rest

was smelted with the Blezard ores. In 1893 the mines were shut down.

Mr. Robert McBride, who was in charge of the Blezard mine in 1892, says that for

about a year and a half under his management the mine produced 3,000 tons of ore

per month, but he was unable to estimate the amount raised before that. However,

it seems probable that more than 100,000 tons had been raised before the mine was

closed. The ore is said to have contained 5 to 7 per cent, of nickel and copper, the

nickel being more than double the copper in amount, and apparently rivalling that

of the Creighton in richness. Very little ore is left on the rock dump, showing that

the work was done with unusual care.

The smelter treated not only the ore from the Blezard, but also that from Worth-

ington, which began work in 1890, and continued to produce ore till September, 1894.

Since then the mine has been shut down. The Worthington has produced the richest

nickel ore in the district, running from 8 per cent, upwards; and specimens of nickelite

occurring there reach 43 or 44 per cent, of nickel. The total amount of ore mined is,

however, small, being estimated at only 25,000 tons.

Mond Nickel Company

Dr. Ludwig Mond is known as the inventor of the carbon-monoxide method of

refining nickel by volatilizing it in connection with this gas, and then depositing it

again by suitable changes of temperature. Having found a method of refining the

metal, he became interested in obtaining a deposit of the ore, and in 1899 bought the

McConnell mine on the north half of lot 8, con. IV, of Denison township, about thxee

miles northeast of Worthington.

The smelting works were located two miles south at what is now Victoria Mines

station, on the Sault branch. The ore is transported 11,000 feet by an aerial tramway
from the mine to the smelter, and mine and smelter are under the management of

Mr. H. W. Hixon. At first the ore was roasted near the village on the railway, but

later the roast beds were removed to a point about half way to the mine, and the

vegetation, partly destroyed near the village, is reviving again.

Until the completion of the new Copper Cliff smelter, the plant at Victoria Mines

was the most modern and complete in the district.

54 Bur. Mines, 1901, p. 56.
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The roasted ore is smelted in much the usual way to a low-grade matte, which Is

run into bessemer converters and blown until a matte of about 80 per cent, of nickel

and copper is produced. This is shipped to the Mond nickel refinery at Clydach, AVales.

It is said that difficulties arose in the refining process at first, so that the works at

Clydach, were unable to refine the matte as fast as it was produced at Victoria mines.

The mine and smelter were shut down, probably on this account, in December 1902,

and were not in operation, except for a few months in the summer of 1903, until the

latter end of 1904. It is believed that the difficulties have been overcome, so that the

work of the mine and the smelter may now go on continuously.

Dr. Ludwig ilond, London, Eng., President Mond
Nickel Company and inventor of tlie carbon monoxide

method of refining nickel.

In 1902 the Mond company took an option on the North Star, or McCharles mine,

on lot 9, cons. II and III, of Snider township, and also on the Little Stobie, two miles

west of Blezard mine; and the ore from these mines was shipped to Victoria mines

for treatment. Mining operations have been continued on the North Star, which

seems to have developed into a good mine, but work was not long continued on the

Little Stobie.

Lake Superior Power Company

The Lake Superior Power Company opened up two mines on the main nickel range,

the Gertrude about two miles west of the Creighton, and the Elsie just west of the

Murray mine. Their work began in 1899 with the Gertrude mine, which at that time

showed pyrrhotite with very little chalcopyrite ; and it was intended to use this ore

for the production of the sulphur dioxide required in making sulphite pulp at Sault

Ste. Marie; the roasted ore being afterwards electrically smelted to ferro-nickel. A
considerable amount of copper pyrites was encountered later, and most of the ore of

the Gertrude and also of the Elsie had to be treated according to the methods usual

in the district.
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Roast beds were prepared at Gertrude, where the ore from ELsie mine was treated

also; and the roasted ore was melted to matte in water-jacketed furnaces.

The Elsie mine produced more than 35,000 tons of ore and the Gertrude 16,000,

but all work on the mines and smelter ceased at the time when the company collapsed

early in the summer of 1904. The matte was stored at the smelter, and methods of

refining it have yet to be devised. A long series of experiments in the refining of nickel,

elect rolytically and otherwise, was made at the company's works at Sault Ste. Marie,

apparently without finding a satisfactory process.

Other Companies

In addition to the companies whose history has just been sketched a number of

ventures in mining and treating nickel ore have been made in the Sudbury district

;

but none have proved succesful, and few of them were of much importance. The

Drury Xickel Company, having purchased the Travers or Chicago mine, on lot

3. con. V, Drury township, did some mining in 1891, and roasted and smelted some

thousands of tons of ore in that year and in 1896. The matte was carried by a one-

rail overhead tramway to Worthington station, seven miles away, to be shipped to the

United States ; but in 1897 the work was finally closed down.

At several other mines shafts have been sunk and considerable development work

done, but none of them have raised any large amount of ore; nor have any of them
operated smelters. References to them will be found in Dr. Barlow's very complete

history of the development of the region ;55 so that details need not be given here.

Two attempts at novel methods of smelting and refining the ores should perhaps be

mentioned. The Great Lakes Copper Company made an experiment of this kind at

the Mount Nickel mine, on lots 5 and 6, con. II, of Blezard, between the Little Stobie

and Blezard mines. The mine is stated to be well supplied with ore but the smelting

works, planned by Anton Graf, of Vienna, were a failure, and work soon ceased. The
Hoepfner Refining Company of Hamilton, undertook the electrolytic refining of nickel

and copper in 1899, and constructed works just west of Worthington ; but the process

was unsuccessful, and a later attempt by Mr. Hans A. Frasch was likewise a failure;

so that operations ended in 1901.

.Some mention should be made of Mr. Edison's persistent endeavors to locate nickel

properties in the region by dip needle methods. Mr. Edison's invention of what is

stated to be an exceed'ngly light and efBcient storage battery in which nickel plays

a large part gave the incentive for the exploration. Three season's work covered most

of the likely spots, where swamps or drift covered the ranges, and therefore where
ordinary prospecting methods must fail of success; but the results have been negative.

Several test pits and diamond drill holes have been sunk at points where there' were
notable disturbances of the dip needle, but no ore of importance was discovered.

Similar work, but with more delicate instruments, has been carried on by the Mond
and Lake Superior Power companies, in the first case by the well-trained Swedish
engineer, Mr. Erik Nystrom ; but the results leave doubts as to the value of this

method of prospecting for pyrrhotite, though it is of great value in exploring for mag-
netic iron ore. The methods are described in detail and in a thoroughly scientific way
by Dr. Eugene Haanel in a report on the "Location and Examination of Magnetic Ore
Deposits by Magnetometric Measurements," issued by the Department of the Interior,

Ottawa.

At the present time only two companies are actually at work, the Canadian Copper
Company and the Mond Company. Both seem to be firmly established with good mines
and satisfactory methods of smelting and refining the ore, so that the future should

be prosperous. Most of the companies which have failed did so because of lack of capital

SSG.S.C. Vol. XIV, Part H, pp. 34-38.
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or of experience, or because they had no well worked out method of refining the matte.

The smelting of roasted ore to make standard matte and the treatment of this matte

in bessemer converters, so as to raise its contents of nickel and copper to 70 or 80 per

cent., is comparatively simple; the real difficulty comes in the refining of the bessemer

matte and up to the present only two processes seem to be successful on the large

scale, and both are in the hands of companies which have their own supplies of ore.

There appears to be no market open for even the high grade matte, though the metal

is in demand.

Of the two companies at work in the Sudbury district the Canadian Copper Com-

pany has much the largest holdings of nickel properties, including the greatest nickel

mine in the world, the Creighton mine. There are still numbers of nickel deposits in

the region in other hands, some of them large and promising; but the possession of the

Creighton mine gives the Canadian Copper Company a distinct advantage over its

poesible rivals, since at present there is no prospect that any other deposit will equal

that famous mine.

It is natural that the Canadian Copper Company should have aroused some hos-

tility and jealousy in its long and successful career ; but it is only fair to add that its

steady persistence in developing the nickel resources of the region has been the main-

stay of mining in the Province of Ontario for a number of years, and a fair reward

should be reaped for its constancy in going on with its work under discouraging con-

ditions in its earlier years.

Other Nickel Regions

Nickel is a widely spread metal, but very few regions contain its ores in quantities

that can be profitably mined. Outside of the deposits connected with the great eruptive

sheet which has been described in earlier pages, pyrrhotite with some nickel has been

reported from many ether points in northern Ontario, especially at the east and south

west of the main nickel region. Numerous small deposits of pyrrhotite occur near
Nairn Centre, southwest of Worthington, and a small amount of work in the way of

stripping has been done upon some of them, without important results ; though ore

containing 1.95 of nickel is reported from lots 1 and 2, con. Ill, of Nairn. The
deposits here and in Lome may really be connected with the Worthington offset, though
the ore found in them is much lower in nickel.

To the east of the nickel eruptive, northeast of lake Wahnapitae, several locations

were taken up years ago for nickel. Ore from Boucher's mine gave 1.57 per cent, of
nickel, or 2.1 per cent., if pyrrhotite free from gangue be taken. Similar small bodies
of pyrrhotite occur south of Ramsay lake. All these deposits have a possible connection
with the main nickel eruptive, but all are small in size and low in grade.

Much larger masses of pyrrhotite have been found in other parts of northern Ontario,
as between lake Temagami and Net lake, but of too low a grade to be of importance. ss

Much more promising are the extraordinary deposits of native silver, cobalt and
nickel ores of Coleman township near lake Temiskaming, where considerable quantities
of one of the richest ores of nickel occur. Mixed with smaltite one finds large masses of

nickelite; so that nickel is one of the valuable ingredients of the ore, though cobalt
and silver are of much more importance. Unless much larger deposits of this ore are
found, the Temiskaming mines will not prove serious competitors of the Sudbury region
as nickel producers. Detailed accounts of these remarkable deposits are given by Prof.
W. G. Miller in this and former reports of the Bureau of Mines. 57

Nickel ores have been reported from many other parts of Canada, especially

British Columbia and New Brunswick. Near St. Stephen in the latter province pyrrho-

S7Bnr. Mines, 1904, pp. 96-101. 56 Bur. Mines, 1900, pp. 173-4.

lO.M (III.)
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fit© with a little copper pyrites is found in masses of gabbro cutting slate, the amount

being considerable ; but the ore contains only from .92 to 2.62 nickel, with some cobalt

and copper, so that the ore is low as compared with Sudbury ores. 58

Dr. Barlow mentions numerous other localities in Canada where trifling amounts

of nickel ore have been found, usually much lower in nickel than the Sudbury ore, and

none of them likely to be of practical importance. S9 AVith his very complete account

there are tables showing the results of a large number of assays of such ores, made in

Dr. Hoffman's laboratory at Ottawa.

UNITED STATES NICKEL DEPOSITS

The first nickel produced in America was obtained in 1863 from the Gap mine

in Lancaster county, Pennsylvania ; and it has a special interest to Canadians, since

the methods adopted by Joseph Wharton in refining the metal were later of importance

in the treatment of our own ores. The mine contained mainly pyrrhotite and chalco-

pyrite, and, like the Sudbury deposits, was first taken up for its copper ore, the nickel

contents of the ore being discovered later. It is associated with an eruptive mass of a

much more basic kind than the Sudbury norite, and like the Sudbury ore deposits,

was probably due to magmatic segregation. The ore was of much lower grade than the

Canadian, yet for a number of years it was the most important nickel mine in America.

After running from 1863 to 1891 it was finally closed down in the latter year. 60

Nickel ores of an entirely different type, resembling those of New Caledonia, have

been found in Oregon and North Carolina. The Oregon deposits, in Douglas county,

are irregular masses of hydrated silicates of nickel and magnesia in serpentine, formed

by the alteration of peridotites or related rocks. The ore occurs as loose boulders on

the surface and in veinlets in the serpentine, but, up to the present, no ore bodies of

workable dimensions have been found. In North Carolina, the relationships are similar,

and the pale green mineral genthite, a hydrous silicate of nickel and magnesia was
discovered there. No ore of importance has been mined, however.

A small quantity of nickel occurs with the lead ores of Mine la Motte in Missouri

;

and the metal is recovered as a by-product in the treatment of the ores. In 1903 the

United States is reported to have produced from domestic ores 57 tons of nickel,

apparently from this mine.

Though the United States has dropped out of the race as a producer of nickel ore,

it is still one of the most important countries for the refining and utilization of the
metal nickel ; much the greater part of the Canadian matte being treated at Constable
Hook, New Jersey.

EUROPEAN NICKEL DEPOSITS

The metal nickel was first produced in any quantity at Schneeberg in Saxony ; and
ever since the discovery of the metal a small amount of nickel and cobalt has been
obtained at the Freiberg smelters as a by-product in the treatment of silver-lead ores.

A little has been produced also from the deposits of Varallo, in Piedmont, Italy, where
the ore is pyrrhotite, which occurs with basic eruptive rocks, as in so many other places.

In Austrian Silesia nickel is extracted from a silicate forming reins in serpentine,

resembling the New Caledonian deposits; but the amount is small. 6'

At Schaud on the Spree in Germany comparatively rich ore, with 5.52 to 6 per
cent, cf nickel and a little cobalt and copper, is found beside a dike of diabase-gabbro

58G.S.O., Sum. Rep. 1903, pp. 156-9; also 1904, Part H. p. 151-3.
59 Ibid.. Part H, pp. 147-166.

.»»/°.?®™''' ^""^ ^®P- ^-S-. and Can., p. 432; 2nd Geol. Sur. Penn.. Kep. CCC. 1880; G.S.O.
1904. Part H, pp. 174-6.

6i References to many of the localities are given by Dr. Barlow in the report previously
mentioned.

10a M. (ill)
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(proterobase) ; but Beck, who describes it, thinks the deposit was not formed by seg-

regation but by ascending waters. He objects also to Vogt's theory regarding Sudbury

and Norwegian ores. However, conclusions drawn from the small deposits he refers to

should hardy overturn those formed from more numerous and larger deposits elsewhere. ^^

Scandinavia has hitherto proved much the most important nickel mining region

in Europe, and before the importation of New Caledonia ores most of the world's nickel

came from the mines of Norway and Sweden. Since 1894 these countries have fallen off

greatly in their output of the metal, however, and during some years nickel mining

ceased altogether. The Scandinavian deposits are of pyrrhotite, like our own, and are

associated with gabbro or norite, but of a more basic type than the Sudbury norite.

They have a special interest to students of the Canadian region, since the true theory

of the relationship of ore to rock was worked out first in Norway, by Professor Vogt

of Christiania, and afterwards applied to our deposits by Dr. Adams. Dr. Barlow, and

others. '3

In Norway there are about 40 deposits, and quite a large literature has sprung up

about them, partly written ly Canadian observers, *( but it will be impos.sible to do

more than give a general account of the ore deposits as compared with those of Sud-

bury. Nothing resembling the great eruptive sheet of the Sudbury region has been

described in Norway, though the ore always appears as segregations at the edge of masses

of gabbro. Between the ore and the rock there is pyrrhotite-gabbro, showing every stage

of mixture of the sulphides with the rock. The sulphides are mainly pyrrhotite, but

include also chalcopyrite, though in less amount than in some of our offset mines.

Pyrite is more frequent than with us, but the rarer elements, gold, silver, and platinum
seem to be present in less amounts, though they always occur. In richness the ore is

much like our own, running from 2.5 to 5 per cent, of nickel. At Evje, for instance,

the ore contains from 2.90 to 4.37 per cent, of nickel and 1 to 1.30 per cent, of copper.

The deposits, however, are much smaller than the Canadian ones, so that their com-
petition is not to be feared.

In Sweden very similar deposits exist, but the number exploited is smaller. At

Kuso pyrrhotite has segregated from gabbro-diorite, and, as worked, runs 1.14 to 1.82

of nickel, the pure pyrrhotite containing 2. .51 to 3.42 per cent. '5

In 1893 and 1894 Scandinavia produced more than 100 tons of nickel, but the opening

up of the New Caledonia and later the Sudbury mines have almost destroyed the nickel

mining industry in those regions.

NEW CALEDONIA

The only real competitor of Ontario as a nickel producer is the French penal colony,

New Caledonia, in the south seas. Nickel was discovered there in 1865 by M. Jules

Garnier, and it was through his exertions that the nickel mining industry sprang up.

Many accounts of the region have been given, the most complete description of the
mines and their conditions being by M. E. Glasser, who examined them for the French
government ;66 but a good sketch of the subject is given by Dr. Barlow in the report so

often referred to. The following account is drawn from M. Glasser.

The island consists of ancient schists and mesozoic sediments, penetrated by numerous
eruptivfes, of which the most important is a very basic rock, peridotite, consisting of

62 Die NickelerzIagerBtatte von Schaud au der. Spree u. ihre Geateino, leitschv. deutsch.
Geol. Ges., 55, 1903, pp. 296-330.

.^3 Nikkei forekomater og Nikkelproduktion, Geol. Soc. Nor. Chriatiania, 1892; Ueber die
Bildung von Erzlageratat'en durch Diflerationproceaae in Eruptivmagmaten, International Geol.
Oongr., Zurich, 1894; Problems in the Geology of Ore-Deposits, in Genesis of Ore Deposits,
Poeepny, 1901, p. 636. etc.; Formation of Eruptive Ore Deposits, Min. Industry, 1895, p. 743,
etc. ; and various other papers.

64 Macfarlane, Can. Nat., Vol. VII, p. 13. Nickel ore at Ringerike; Major Leckie. Nickel
Deposits in Norway, Can. Min. Bev., Vol. XVIII, No. 8, p. 151-3.

'Al'**^^''"'^"''' Slattberg's ooh Kuso Nickelgrufnor. Geol. For. in Stockholm Forh, 25. 1903,
pp. 103-122.

66 An. des Minis. 10 S^riea. Tome IV. 1903. pp. 299-392. and 397-536.
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olivine and enstatite, now more or less transformed into serpentine. Deposits of nickel,

cobalt and chromium are associated with the serpentine. The original peridotite is no

doubt the source of the ore, and analyses show that the fresh rock contains small per-

centages of nickel and cobalt. A specimen of olivine from one of the mines contains

0.11 per cent, of nickel and cobalt oxide, while the enstatit* associated with it in less

amount contains 0.4 per cent. Examples of peridotite are said to have been found

containing as much as 2i per cent, nickel. The peridotites cover most of the southeast

end of the island and form a discontinuous chain of outcrops running nearly to the

northwest end, as a mountain range rising in places to 5,500 feet. In most cases ser-

pentization has advanced far, and at many points the serpentine has changed into a

red clayey material, which is associated with nickel ore.

The ores are all hydrated silicates in which nickel has replaced magnesia to a greater

or less extent. The richest silicates, which are green and soft, may contain even 48.6

per cent, of nickel oxide, and are called garnierite and noumeaite, the two varieties

seeming to blend into one another. Their composition varies greatly, but their nickel

contents averages higher than that of the genthite referred to as occurring in Oregon

and North Carolina.

The green minerals occur as small veins in the serpentine or peridotite, as a scaly

covering of fragments of the rock, or as concretionary masses. The color varies from

pale to deep green or almost black, and the garnierite is associated with a chocolate

brown mineral, which was at first rejected, but is now known to be a similar nickel

ore colored with iron oxide, and forms the larger part of the ore mined. There are also

silicious masses of a green color, containing, however, only 9 or 10 per cent, of nickel.

As examples of the best garnierite the following analyses may be given from M.
Glasser's report:
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up to the time of his report 250,000 tons ; and during its greatest prosperity, in 1890-

1894, had reached a production of 25,000 or 30,000 tons per annum, which later had

fallen off to 10,000 tons. The tenor of the ore in early days was 10 to 12 per cent, but

latterly had fallen to 6^ per per cent, of nickel. A large amount of waste rock has

now to be rejected, and the group of mines is approaching exhaustion.

The deposits are always found on gentle slopes or basins on the flanks of the moun-

tains and lie between the red clay mentioned before and the rock. They have resulted

from the superficial weathering of the rock, accompanied by a concentration of the

nickel as silicate by surface waters, the nickel being precipitated more readily than

the magnesia. Under these conditions none of the deposits can be expected to cover

continuously a large surface. The largest of the bands of ore are not more than about

a half mile long, and they are comparatively narrow. Many of the deposits are already

worked out, but a large number still furnish ore, and probably many new deposits will

yet be found. If the grade of the ore required were lowered to 5 per cent, of nickel, the

amount which could be furnished would greatly increase.

As the ores generally occur high up on the mountains where roads are difficult

to construct, transportation is a serious difficulty, and cable tramways have often to

be provided. Another drawback is the thickness of red clay which has to be stripped

from many of the deposits before they can be worked by open quarrying, which is the

usual method. The poor character of the labor available. Kanakas, convicts, or some-

times Japanese, is another drawback mentioned by M. Glasser ; who adds that the

long ocean voyage and the remote situation of the island greatly hamper the marketing
of the ore at a profitable rate.

At present all the ore is shipped to Europe for treatment, but it is thought that
a great economy in freight could be accomplished by smelting to matte in the island,

thus reducing the weight, though smelters erected years ago proved unsuccessful.

Though nickel was discovered by Gamier in 1865, scarcely any mining was done
until 1875, and the output did not rise to great importance till 1889, when 21,000 tons

of ore were shipped. This amount had increased to 103,908 tons in 1899, and to

128,653 tons in 1902, acocrding to statistics furnished by M. Glasser. In 1889 the con-
tents of nickel in the ore sent from New Caledonia rose to 1,680 tons, while previously it

had not readied 1,000. In 1902 the nickel contents were placed at 7,045 tons, though
M. Glasser doubts the correctness of the return.

The most productive mines are still the old ones in the neighborhood of Tbio on
the northeast side of the island near its southeast end, but their output is diminishing
and the total is kept up by the working of a large number of small veins in different
parts of the island.

M. Glasser discusses interestingly the formidable competition of the Canadian nickel
mines, though he states that "thanks to a more or less complete understanding between
the producers, New Caledonia preserves her rank ; but it is none the less true that the
nickel industry is developing in Canada and that the production of its mines has been
rapidly increasing of late years. Must one say that New Caledonia has much to fear
from this competition? We do not think so; for, so far as we can judge from the
documents at our disposal, the natural conditions of the Canadian deposits are, in
themselves, much less favorable than those of our colony." He goes on to show that
the Sudbury ores are sulphide ores of nickel and copper, variable in the percentage
of the two metaLs and requiring a complex method of refinement. Quoting the statistics
of the Bureau of Mines, he admits that the nickel resources of the region are consider-
able, though the tenor of me ore seems to be diminishing. 67 He was influenced in his
view by the absurdly high estimate of our ore reserves given by an official report to the
United States Secretary of Marine in 1890.

67The statiatioB quoted reach only to 1901. before the rich Creighton ores had produced
Sill 6lIGCua



150 Bureau of Mines No. 5

While M. Glasser thinks our prospects less bright than those of New Caledonia,

he admits certain advantages. "On the other hand the general industrial situation of

Canada appears to be very favorable, and has permitted in late years an important

development in mining and treating the ores, in consequence of which the production

of nickel in Canada is steadily increasing."

There is one apparent advantage for purposes of treatment, which the New Cale-

donian ore has over ours, in the absence of sulphur, and another real advantage, in

its freedom from copper. The first advantage is, however, neutralized by the fact

that the New Caledonian ore must be smelted with coke, which always contains appreci-

able quantities of sulphur. Owing to the great affinity of nickel for sulphur, this is

taken up by the metal, and must later be separated from it. This fact interfered with

Garnier's original idea of direct smelting of the nickel ; and it is now smelted with

sulphur compounds, such as gypsum, and made into a matte which must afterwards

be refined in ways not very different from our own. The absence of copper makes its

separation unnecessary, but the copper, when separated, is an element in the value

of the Sudbury ores.

TYPES OF NICKEL ORES AND DEPOSITS

From the account just given of the New Caledonian ore deposits it will be seen

that they are of an absolutely different type from those of Sudbury ; and, if we omit

the few rich arsenides and sulphides of nickel found in some Saxon mines and the

Coleman deposits, in relatively minute quantities, all nickel deposits may be divided

into two classes, pyrrhotite ores which occur as segregations at the margin of eruptive

rocks such as norite and gabbro ; and hydrous silicates, such as garnierite and genthite,

which result from the weathering of serpentine derived from a very basic eruptive rock,

peridotite.

Though both kinds of deposits have their source in eruptive rocks, one comes di-

rectly from the molten magma, by segregation at its bottom or edge; the other by a

complex process of decomposition carried on in two stages, hydration into serpentine,

and weathering of serpentine into red clay, with the accumulation of the minute quan-

tity of nickel in the original rock as secondary deposits of the green or chocolate brown

hydrous silicates of nickel and magnesia. In thi3 Sudbury region the sil>cate ore of nickel

is unknown, though genthite has been founc" '' 'iichipicoten island in lake Superior**

in trifling quantities. Wle have numerous ^s of serpentine in Canada, especially

in the Eastern townships of Quebec, and minute ajnounts of nickel occur in them, but

the conditions have not been favorable for the accumulation of secondary ore deposits,

even if the amount of nickel contained in the serpentine was sufficient 'in quantity.

The scouring of the Ice Age would have removed any such residual deposits.

The Scandinavian nickel regions have, of course, passed through the same conditions

as our own. It is a little surprising that the millions of tons of nickeliferous pyrrho-

tite destroyed in past ages by weathering in the Sudbury region should not somewhere
have given rise to secondary deposits, but none are known ; and we must suppose that

the nickel solutions due to weathering and gossan formation haye not met with the

proper re-agents to precipitate the nickel. Its compounds are in general very soluble,

only the hydrous silicate showing a tendency to permanence.

On the other hand sulphide of nickel is practically never found in New Caledonia,

the only reported occurrence being a little millerite found in the Esperance chromium
mine.

We have then in Ontario very large deposits of sulphide ores going to depths of

more than 1,000 feet, comparatively little changed from the form they assumed on
cooling from the molten magma ; while in New Caledonia we find thin, flat, shallow

68G.S.C., 1890-91, Part E, p. 47; also Dr. Barlow, 1904, Part H, p. 149.
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sheets of ore entirely of secondary origin, the accumulation of ages of superficial changes

in a region too near the equator to be affetted by the glacial period.

For completeness sake a reference should be made to the occurrence of native

nickel, associated with native iroB, in certain basic rocks, as at Ovifak on Disco island,

on the Greenland coast. The masses of iron found there aad partly removed by Xorden-

skjold to be deposited in the Scandinavian capitals, run up to 20 tons in weight. They

contain only small amounts of nickel, from 0.34 to 2.85 per cent., but almost enough

for nickel steel. Meteoric iron, it is well known, always contains nickel, reaching even

in one case, 59.69 per cent., as at Octibbeha Co., Miss.

Native nickel with a percentage of iron has been found, also, the example best known

being the awaruite of Gorge river in the south island of New Zealand. This contains

67.63 per cent, of nickel, 0.70 per cent, of cobalt, and 31.02 per cent, of iron. It is

found with gold and platinum, etc., in river gravel, and was probably derived from a

partially serpentinized peridotite.*9 Even more interesting is the souesite, or native

iron-nickel alloy described by Dr. Hoffman from Lillooet in British Columbia. It was

found with platinum and a little gold, etc. ; and has the composition nickel 76.48, iron

22.30, copper 1.22.7° Closely related to this are the metallic grains found by Sella in

gold-bearing sand at Elvo, near Biella, in Piedmont ; which contain 75.2 per cent, of

nickel and 26.6 per cent, of iron.?"

Distribution of Metals in the Sudbury Ores

By far the most important of the metals in the Sudbury district, so far as quantity

is concerned, is iron ; but it is always combined with sulphur, chiefly in the form of

pyrrhotite, which contains from 60.4 to 61.6 of iron when pure. If it were not for the

difficulty in completely removing the sulphur, pyrrhotite would be a valuable ore of

iron, and the nickel mines would also be iron mines, some of them comparable in ton-

nage and percentage of the metal to important iron mines in other regions. Some day

the iron of the pyrrhot'te may be in demand, but that day is prcbably distant.'

Next in amount comes nickel, which may be looked on as sometimes replacing a

part of the iron in the pyrrhotite, though in most cases it is known to belong to pent-

landite disseminated through the pyrrhotite. This occurs in quite variable amounts,

running, in mines which have been extensively worked, from 1.5 per cent, of the ore

to over 5 per cent. ; and in some smaller mines to 8 or more per cent, for a few thousand
tons. These statements apply, however, to the ore as mined, always including more or

less rock. The pure sulphides would, of course, run higher. In the Murray mine 55

to 60 per cent, of the ore was sulphides ; at the Copper Cliff nearly 40 ; at No. 2 aBout

60; at the Frood 73; and at Creighton 79 or 80, the highest in the region.

Close after nickel comes copper, derived from the chalcopyrite almost always

mixed with the pyrrhotite ; but the proportions of the two metals vary greatly.

Next in quantity, but far behind the others, is cobalt, present in all the ores to

the extent of from 1-40 to 1-133 of the nickel present, according to the few analyses on
record showing the percentage of cobalt in high-grade matte. If we take the returns

of cobalt from the statistics for 1903-4, we find only 25.8 tons to 11,727 tons of nickel,

the cobalt representing only 1-465 of the nickel ; however, cobalt is more easily slagged

off than nickel, and no doubt has been quite disproportionately removed in the refining

process. For the same reason the proportion of cobalt in the bessemer or high-grade

matte is no doubt lower than in the original ore.

The precious metals are present in still smaller quantities, silv^er coming first, with

2i to 7 oz. per ton of high-grade matte; the platinum metals next, with from 0.17 oz.

to 0.5 oz., and gold last, with 0.02 to 0.3 oz. per ton.

69 Dana's Syitem of Mineralogy, pp. 28 and 29.

70 Am. Jonr. 80., Vol. XIX, 1905, pp. 319-20.

71 Dammer, Handbuch der Anorganischen Ohemie, Vol. Ill, p. 488.
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Matte Analyses

The results of the most complete analyses of bessemer or other high-grade matte

available are given in the following table

:

"
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2i or 3 ounces of silver per ton of matte and from 0.19 to 0.65 of gold and the platinum

metals ; the last three have from 5 to 7 ounces of silver and from 0.6 to 1 ounce of gold

and platinum. The amount of the precious metals is more than doubled, while the

percentage of copper is increased from 2.5 to about 42.

In the case of Vermilion mine the gold and platinum metals are increased in a

much greater degree, but the small amount of the ore known to exist makes it of little

importance. No analyses of Worthington matte are available, unfortunately.

The Precious Metals

The proportions of the rare metals thus far referred to are the results of analysis

of the high-grade matte. To bring them into relationship with the respective ores from

which the matte was obtained it is necessary to know the grade of the ore, and in many
cases this is not on record. At the Murray mine the ore contained in 1891 about 1.5

per cent, of nickel and 0.75 per cent, of copper; so that a ton of matte containing 74.74

per cent, of the two metals represented the concentration of about 33 tons of ore. If

20 per cent, be allowed for loss in treatment, this would raise the amount to 40 tons.

Of this about 60 per cent, was sulphides, making 24 tons of pyrrhotite and chalcopyrite

to furnish 3.14 oz. of silver, 0.17 oz. of platinum metals and 0.02 oz. of gold. Probably

12 tons of the Creighton sulphides produced a ton of the matte analysed by Mr. Locke
(II and III); while about 18 tons of the sulphides from Stobie, Evans, etc., were needed
for IV. In the case of V probably 12 tons of the rich sulphides from Copper Clifi and
Evans provided a ton of matte. I have no definite information as to the number of

tons of sulphides required to produce a ton of the Victoria mines matte (VI).

Aranged as a table the amounts of the rare metals to a ton of sulphides are roughly
as follows

:

Silver. Gold. Platinum metals.

I. Murray mine 0.13 oz. 0.0009 oz. 0.007 oz.

II and III. Creighton mine, etc. 0.21 oz 0.0083 oz. 0.037 oz.

IV. Copper Cliff, Stobie, etc. 0.28 oz. 0.0166 oz.

V. Copper Cliff, Evans, etc... 0.583 oz. 0.0125 oz. 0.0146 oz.

II and III included some ore from the offset mines of the Canadian Copper Company,
and do not represent the Creighton alone.

In concluding this discussion of the distribution of the rare metals the returns of
platinum and palladium from the Canadian Copper Company's matte must be referred
to. In 1902 there were 2,375 ounces of platinum and 4,411 ounces of palladium recovered,
which may be looked on, however, as belonging partly to the ore mined in former years.

Assuming that it came from the ore of 1902 there were 0.0102 ounces of platinum and
0.0189 ounces of palladium to the ton of ore mined, or 0.0291 of both metals. Probably
60 or 70 per cent, of the ore was sulphides, so that the number of ounces per ton should
be increased proportionately. In 1903 the amounts are 0.0077 platinum and 0.0144
palladium, the total being 0.0221 ounces. In 1904 there was a falling off to 0.0052
and 0.0093, with a total of 0.0145 ounces of the platinum metals per ton of ore. In
the last year most of the ore was from the Creighton mine and 75 per cent, of it may
have been sulphides, which would raise the total to 0.0193 ounces per ton.

Estimating roughly the amount of sulphides in the ore each year, the following
relationship results:

1902—Platinum metals per ton of sulphides, 0.0468 ounces
1903— " " " 0.0323 "

1904— " " ' 0.0193 "

A portion of the ore from which the metals were obtained in 1904 probably came
from the Copper Cliff in the previous year, so that we cannot assume Creighton ore
that the statistics of the rare metals do not represent the complete change from offset to
the statistics of the rare metals do not represent the complete change from offset to
marginal ores in this respect.



154 Bureau of Mines No. 5

One naturally comparee our ores with the similar ones of Norway, but in comparing

the ratios of the metals in the two countries it must be kept in mind that their deposits

correspond to our marginal ones and not to our offset deposits. Prof. Vogt gives the

composition of two Norwegian bessemer mattes as follows

:

Ringerike. Evje.
Percent. Percent.

Nickel 51.16 41.50

Cobalt 1.98 0.97

Ck)pper Ifi « 23.00

Iron. 10.87 (13)

Sulphur 19.58 (20)

Gold 0.0145 oz. per ton 0.029 oz. per ton

SUver .'.'.' .'.'.'.'.' .'.'.' 2.46 " • 4.06
Platinum 0.075 " " 0.09
Iridium labout

'. 0.003
Osmium /""""'

If this is compared with the table of analyses of Sudbury mattes given on a previous

page, it will be seen that the proportions are quite like analyses I, II and III, from

marginal ore deposits, but that the other three show higher percentages of the rare

metals. It will be noticed, too, that the percentage of copper in the three offset

deposits is much greater than in the Norwegian mattes.

Palladium has not, so far as I am aware, been reported from the Norwegian nickel

ores.

Prof. Vogt states that in Norway the proportions of the metals are one part of

gold to 120 of silver, one of platinum to 30 of silver, one of silver to 5,000 of nickel. 77

In our ores it would be more natural to compare the precious metals with copper than

nickel, since their percentage increases with that of copper, though somewhat more

rapidly.

It is well known that platinum occurs always in connection with basic rocks, but

the native metal in Russia, British Columbia, etc., is considered to be derived from

rocks consisting of olivine and proxene, now largely turned to serpentine, rocks of a

much more basic character than our norite; and it seems that the native metals of the

platinum group go with ultra-basic rocks, while the arsenical compound, sperrylite,

is associated with less basic rocks like norite and gabbro. New, Caledonian peridotites,

from which their nickel ere is derived, should contain a small amount of the platinum

group of metals, but in the native state and not as arsenides, if the relationship just

mentioned is correct.

Statistics of Nickel Production

SUDBURY DISTRICT
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For the nine months ending 30th September 1905, the production of nickel from

the Sudbury mines was returned as 7,136 tons, worth in the matte $2,522,593, and of

copper 3,310 tons, worth $507,440.

In addition to the metals given in the table there are returns for platinum and

palladium from 1902 to 1904, as follows

:
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In regard to the rarer metals it should be said that there is a considerable lapse

of time between the mining of the ore and the recovery of the metals after the refining

has taken place, so that the returns of the metals are perhaps a year or more behind

those of the ores mined.

The quantities of platinum and palladium obtained during the last three years are

stated to have been extracted from the accumulations cr residues of former years as well

as from the mattes actually treated during those years. For this reason, as well as

from the comparative leanness in the rare metals of the Creighton ore, the yield of

platinum and palladium as well as of gold and silver, is likely to be less in the immediate

future. Cobalt is almost entirely removed from the matte during the be^semer process

as now carried on in the new smelters of the Canadian Copper Company.

In the statistics given the mines of the Canadian Copper Company must be credited

with at least four-fifths of the output of ore and even a larger proportion of the nickel

and copper ; and the apparent sudden decline in the output in 1904 is explained by the

stoppage of the old west smelter while the new one was being completed.

Dr. Barlow has estimated the total value of the metals produced from the Sudbury
mines, including nickel, cobalt, copper, gold, silver and platinum, at $52,717,346. On
the authority of Mr. Turner he gives the amount of ore produced by the three most

important mines up to the 1st of June 1904. as follows :
So

Stobie mine 419,000 tons.

Copper Cliff mine 366,000 tons.

Creighton mine 310,000 tons.

It is probable that the last mine has now produced more than 500,000 tons. Of

the other mines belonging to the company, three, the Evans, No. 2, and No. 3 (Frood)

have produced between 100,000 and 200,000 tons. Of mines belonging to other companies
the Murray mine produced 62,193 tons, the Blezard about 100,000 tons and the Victoria

mine more than 80,000 tons.

It should be mentioned in connection with the statistics
,
given in the main table

that the total quantity of the metals reported is the quantity actually recovered, not

the total quantity originally contained in the ores. There is a large loss during roasting

and smelting of the ores, variously estimated at from 15 to 25 per cent, of the nickel

and copper originally in the ore. Messrs. McDonald and Paris of Victoria mine put
the loss between green ore and 80 per cent, matte at from 10 to 20 per cent., with an
average of about 15 per cent., most of the loss of copper being in roasting, and of

nickel in smelting. In other mines of the district good authorities make the loss greater,

as much as 25 per cent, in most cases. To get the true contents of the ore from the
returns of metals reported it will be necessary then to add probably one-fifth to the per-

centages given in the table. As the statistics of other countries usually give the
metallic contents of the ores as determined by assay, this correction is necessary in

comparing our statistics with theirs.

sTATisrrcs of other countries

The statistics of the nickel production of other countries than Ontario are in a
very unsatisfactory state, since there are numerous small mines whose returns seem to

be made up in different ways. The most important mining region. New Caledonia, ships

almost all its ore raw to various countries of Europe, though a little of it has come
to the United States, also: and the returns of the nickel produced in these countries do
not agree with the amount estimated in the raw ore. Some portion of the ore probably
remains in stock from year to year, so that the output of Europe should follow the New
Caledonia returns after a lapse of perhaps a year for ocean transport and the tirne

needed for smelting and treatment.

So Ibid., p. 230-1.
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The following table is taken from M. Glasser's report on the mineral wealth of New

Caledonia, the values being changed from francs to dollars by dividing by five, which

slightly overstates them. The tons are metric, slightly less than our long tons, and

tons enclosed in parentheses were smelted to matte on the island. M. Glasser thinks

the values for 1898, 1899 and 1900 are exaggerated, having been obtained by multiplying

the number of tons of moist ore by the value per ton of dry ore.8"

New Caledonia

Year

.
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A comparison of the total output of nickel in Europe from New Caledonian ore

with the quantitj- of nickel shown by assay of the ores exported shows that the metal

refined in Europe almost always falls much below the amount estimated from the assays,

and only in one year, 1896, runs beyond it. AVhat percentage of loss there is in smelting

the New Caledonian ore is not stated; but the loss during heap roasting should, of

course, be avoided, so that the total loss of nickel from the New Caledonia ore should be

Ies6 than from Canadian ore.

The advance from year to year in the production of nickel from Canadian ore is

more rapid than that from New Caldonian ore, so that our mines appear to be gaining

ground as compared with those of our rivals.

Minerals of the Sudbury Nickel District

PYRRHOTITE

The characteristic sulphide of the Sudbury mines is pyrrhotite or magnetic pryites,

which has already been described in connection with the ore deposits. It is a mineral

of somewhat variable composition, running, according to Dana, from Fe^S^ to Fcie

S,7, but always containing a little more sulphur than iron. In the Sudbury region

it is almost always massive, with little hint of crystal form, though at a number of

mines it shows a platy structure suggesting a basal cleavage. Almost the only crystal

on record is one obtained by Prof. G. R. Mickle from a miner at Worthington. He
describes it thus: "The crystal is evidently a hexagonal prism showing strongly marked

basal cleavage; two of the sides are intact and portions of two others remain. The
dimensions are 1 3-10 inch, or 32 mm., by i inch, or 13 mm.; the weight 26.4 grams;

and an analysis of a very small fragment from the crystal gave 2.3 per cent, of nickel."

In general it is stated that the pyrrhotite itself contains no nickel, the metal being

carried by enclosed pentlandite; but the above analysis shows that apparently pure and

crystalline pyrrhotite may contain it. Experiments in magnetic separation of the finely

pulverized ore, carried out by Dr. Barlow, Dr. Dickson and ethers, show however,

that in general the nickel belongs to a non-magnetic mineral, which must be pent-

landite.

PYRITE

Iron pyrites, FeS,, is found at many of the mines, its pale brassy yellow color and

its hardness distinguishing it from the previously mentioned sulphides. It occurs as well

formed octahedra embedded in the pyrrhotite at the Blue lake and other mines; and

cubes of pyrite are found in small fissures with quartz and calcite at Elsie mine. An assay

of the latter pyrite showed no nickel. Prof. T. L. Walker has found pyrite with the

pyrrhotite from the Murray mine, and believes that nickel is contained in it, replacing

part of the iron. 83 His analysis of the pyrite gives 4.34 per cent, of nickel, 39.70 of

iron, 40.31 of sulphur, and 5.76 per cent, of insoluble matter.

MARCASITE
The rhombic variety of FeSj occurs in several mines and is common in ore from

the Worthington offset, especially at openings northeast of the mine. It has not been

found in crystal form, though its whitish color and general appearance are characteristic.

An assay of the Worthington marcasite by Prof. Walker showed 4.5 per cent, of nickel,

and similar results were obtained by Dr. Hillebrand of the TT. S. Survey, who found

4.57 per cent. It is probable that pentlandite is mixed with th6'marcasite.84 It should

be mentioned that tue mineral here spoken of as marcasite, shows no crystal forms

;

80 that it is somewhat uncertain whether it is really marcasite or a massive variety

of pyrite.

83 Am. Jonr. So., 3rd Series, Vol. XLVII, pp. 312-14.

84 G. 8. C. 1890-91, Part 88, p. 116.
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PENTLANDITE

The most important mineral belonging to the Sudbury ore deposits is pentlandite

(FeNi)S, since in most cases this is the actual nickel-bearing constituent. Though

it is supposed to be mixed intimately with all the nickeliferous pyrrhotite, it cannot he

distinguished in the ore at most of the mines. The best localities to find it are the

Worthington, Creighton and Evans mines, but even in these ores one must often search

carefully to see the paler, slightly yellowish patches characterized by a distinct oct»-

hedral cleavage. No crystals have been found, but cleavage surfaces of a third of an

inch in diameter may be obtained. The ratio of nickel to iron in pentlandite is generally

given as variable, but with more iron than nickel, as a rule. The Sudbury pentlandite

contains, however, a larger amount of nickel than of iron, as may be seen from the

following analyses, No. I by Prof. PenfieldSs, Nos. II to IV by Dr. Dickson. 8«

I. II. III. IV.
Ni . 34.23 34.82 33.70 34.98

Oo 85 .84 .78 .85

Fe 30.25 30.00 29.17 30.04

B 33.42 32.90 32.30 33.30

Qangue 67

99.42 98.56 95.95 99.17

MILLERITE

Millerite, NiS, crystallizing in hair-like forms or slender prisms of brass yellow

color, is the richest nickel mineral found in the region, since it contains 64.6 per cent,

of the metal. It is, however, very rare, though in earlier studies of the deposits it

is sometimes referred to as disseminated through the pyrrhotite. It has been found

at Copper Cliff by Dr. Peters and Dr. Dickson, the latter considering it secondary after

pentlandite. Prof. Walker and the writer found slender crystals of it in the rich nickel

ore of the Vermilion mine.

POLVDVMITE

This mineral has been described from the Vermilion mine by Messrs. Clark and
Catlett,*' who gives it the composition NijFes,. Analyses are given below, I Irom

authors mentioned, II from Mr. Browne :88

I. n.
Kl 41.96 36.85
Pe 15.57 18.17

B 40.80 38.43
Cn 0.62 4.47
BiOj 1.02

Totals 99.97 98.45

The mineral from the Vermilion mine is gray, very easily tarnished and very soft.

On the ore dump it quickly decomposes and loses its metallic lustre Quite large lumps
may be obtained almost free from other minerals, though there are generally streaks

of chalcopyrite running through it.

NICKELITE OR NICCOLITE

Kupfer-nickel, NiAs, was the earliest source of the metal and is one of the richest

ores, containing 43.9 per cent, of nickel. Its pale copper red color and metallic lustre

make it a striking mineral, and suggest the presence of copper, from which the original

name given it by the German miners was derived. In the Sudbury region it has been
found only on the Worthington property and some openings on the same offset to the
northeast. The recent finds in the silver-cobalt-nickel mines near lake Temiskaming
are often very rich in this mineral.

8s Am. Jonr. So. (3rd Series) Vol. XLV, 1893, pp. 493-4.
86 Trans. Am. Inst. Min. Eng., Vol. XXXIV. 1904. p. 21.
87 Am. Jonr. So.. Vol. XXXVII, 1889. p. 372-4.
ssEng. Mln. Jour., Vol. LVI, p. 566.
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OERSDORFFITE

This mineral is also au arsenide of nickel, NiSAs, but with a larger amount of

arsenic and sulphur, so that it contains only 35.4 per cent, of nickel. It is white to

steel gray in color and is found associated with niokelite in the Worthington offset,

where its name has been given to a prospect, the Gersdorffite mine.

The foregoing minerals are the only nickel minerals proper occurring in tlie Sud-

bury district, and apparently the only really important one is pentlandite. The others

are never found in the larger mines along the margin of the nickel eruptive, but only

along the offset deposits, and usually at a distance from the edge of the norite.

In 1892 Dr. S. H. Emmons described three new nickel-iron sulphides from the

Sudbury region, folgerite, whartonite and blueite, with amounts of nickel running from

3.70 per cent, in the last to 31.45 in the first ;89 but later writers hold tKat his deter-

minations were made from mixtures of minerals. Prof. Penfield considers the folgerite

really pentlandite, the blueite nickeliferous pyrite and the whartonite a mixture.s"

Mr. Mickle gives the following account of specimens resembling the blueite as described

by Dr. Emmons

:

"A peculiar grayish-green bronze-colored, non-maguetic mineral, which tarnishes
to a dull bronze, was found by Mr. McVittie on the location where the Gertrude mine
now is. The mineral occurred massive, with small crystals of magnetite and specks
of chalcopyrite disseminated through it, in a streak about six inches wide adjoining
the granite. An analysis of the mineral after removing the magnetite gave the follow-

ing results

:

Found. Calculated.
Iron 37.28 per cent. 41.48 per cent.
Sulphur 46.54 per cent. 51.79 per cent.
Nickel 5.95 per cent. 6.62 per cent.
Copper 0.10 per cent. 0.11 per cent.
Insol 9.66 per cent.

99.53 100.00

"Assuming the compoBition to be Fe Sj, NiS and Cu Fe Sj :

41.48 per cent, of iron requires 47.41 per cent, of sulphur.
6.62 " nickel " 3.65
0.11 " copper " 0.11

which agrees fairly closely with the amount of sulphur found in the calculated com-
position, viz. : 51.79 per cent.

"Polishing one side of the specimen shows that the piece is not homogeneous but
resembles a porphyry in structure, consisting of a ground-mass with crystals imbedded
in it, the crystals having a more yellowish color than the ground-mass. Etching reveals
a cellular structure in the ground-mass of alternate light and dark lines somewhit
like the surface of meteoric iron or certain steels when similarly treated. Surrounding
the crystal? is always a dark rim. A similar peculiar grayish-green bronze mineral
from Calumet island, Ottawa river, came to my notice, containing 2.64 per cent, of

nickel ; also one from the ninth level of the Copper Cliff mine, the light colored mineral
forming a band in this case. In the examples at hand it does not seem possible to

separate the different components in order to anal.vse each separately. Emmens'
blueite with a probable composition of 3.70 per cent, of nickel, 41.01 of iron and 55.29

of sulphur agrees in description with the mixed sulphides just referred to. The per-

centage of nickel no doubt varies according to the relative amounts of crystals and
ground-mass."

We may conclude therefore that the three supposed new minerals should be omitted

from the list of nickel-bearing minerals of the region.

CHALCOPYRITE

Chalcopyrite or copper pyrites is alwa.ys found associated with our nickel ores,

though sometimes in small amounts. Pyrrhotite and chalcopyrite are often intimately

mixed, as shown in previous chapters, though there is a tendency for the copper pyrites

to occur as narrow stringers in fissures of the country rock more often than pyrrhotite,

89 Eng. Min. Jour., 1892, p. 609. 90 Am. Jour. So.. Vol. XLV, 1893, pp. 493-7.
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as if the copper pyrites were the more mobile of the two minerals. Good crystals of

copper pyrites have not been found in the Sudbury region. The composition of copper

pyrites, Cu Fe Sj, is constant, and the greenish yellow color and general character of

the mineral are familiar. Its irridescent colors when tarnished are striking, and may
be noticed on any waste dmnp at the mines.

O^NITE

The Vermilion mine, which differs so much from the others in tne district, is the

only one in which this mineral has ben noticed. It occurs with quartz and chalcopyrite,

but in small ijuantities only. Chalcocite, the pure sulphide of copper, also, has been

reported from this mine, and native copper was found at the mine in early days.

MOLYBDENITE

Among the minerals at Worthington occasionally a seam of lead gray molybdenite

is found crossing the pyrrhotite or partly enclosed in the greenstone, but the amount
is very small. It seems to have been a later deposit in fissures cutting the ore and
country rock.

GALENA

The only other sulphide mineral in addition to those described above is galena,

PbS, which occurs in small amounts as narrow seams with a little quartz or enclosed

in the ore without quartz in the Copper Cliff and other mines. The galena may account

for a part of the silver always found in assays of matte, the rest being contained in

the copper pyrites.

SPERRYLITE

The platinum arsenide, named by Penfield and Wells, sperrvlitc. (Pt.\s2),

was first obtained from the gossan of the Vermilion mine, but afterwards from

the Victoria mine, then called the McConnell property. It was named for

Mr. F. L. Sperry of the Canadian Coper Company. As the first natural com-

pound of platinum, it has naturally attracted much attention from mineralogists.

It is a tin white, metallic looking mineral in tiny crystals belonging to the

isometric system and showing many of the planes found on pyrite. Although the

crystals are minute, the largest not exceeding a diameter of IJmm, or about 1-18

of an inch, the planes are perfect enough to measure a large number of angles.9' The

specific gravity is 10.6, so that it is probably the heaviest mineral known except the

native metals. It is generally obtained by panning the gossan of the mines mentioned,

where it occurs along with gold.

An investigation of the McConnell property by Mr. Mickle in 1897, showed that

sperrylite was generally distributed through not only the gossan but also the solid

ore, his assays demonstrating that the platinum is associated with the copper rather

than the nickel ores, though some is found in the latter also. The average of six

samples of solid ore gave a trifle over 3 d\rt. of platinum and a little gold per ton,

while pyrrhotite with little copper pyrites gave considerably less than the average,

and one example of ore with much chalcopyrite gave 7 dwt. 12 gr. of platinum and
a trace of gold. His highest assay showed 1 oz. 3 dwt. of platinum and 3 dwt. of gold

from decomposed ore resting on the solid ore.

These results suggest an appreciable increase in the value of the matte from Victoria

mine as compared with the other mines in the district, where the amount of gold and
platinum in the ore seems to be much less, since these metals and also the silver are

concentrated along with the nickel and copper in the matte, and should be recoverable.

91 Nicol and Goldschmidt, Ueber Sperrylite, Zeitschrift fiir Kryst., Band 38, Heft 1 and
2, p. 58.

11 M^ (HI)
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It is of interest to see that Dr. Dickson found quite a largo number cf sperrylite crystals

in almost pure chalcopyrite from the Victoria mine, but not in the other Sudbury ores

examined. 9-

Sperrylite may be looked on as the source of the platinum always found in Sud-

bury mattes, and perhaps also of other metals of the platinum group, though the large

amount of palladium recently reported from the matte is not accounted for by the

chemical (oniposition as given b;'li w , the n:ean of two analyses:9.(

Per cent.
Arienio 40.98
Antimony 0.50
Platinum 52.57
Rhodium 0.72
Palladium ... trace
Iron 0.07

Caesi erite 4.62

Total 99.46

Since its description from the Sudbury region sperrylite has been found associated

with copper ores in various other parts of the world, so that it can no longer be looked

on as a unique or specially rare mineral.

The only other known locality for it in Canada is Copper mountain. British

Columbia, where it was found with bornite and copper pyrites by Mr. Jules

Catherinet.93

Its presence in the nickel ores of Norway is inferred by Vogt, since analyses of

matte show that platinum is present, but the actual sperrylite has not been found
in Scandinavia.

MAGNETITE AND TITANIFEROUS IRON ORE

In basic rocks, such as norite, magnetite or titaniferous iron ore or ilemenite is

always present, and, as might have been expected, these minerals are often dis-

seminated in the nickel ores. Well formed octahedra are common embedded in the

pyrrhotite from the Levack mine, and a mass of magnetite five tons in weight was
found completely enclosed in the ore at Clara Bell mine north of Copper Cliff.

Specimens are readily attracted by the magnet, so that it is not highly titaniferous;

and it contains grains of pyrrhotite and chalcopyrite as well as small portions of

a green silicate. Titaniferous iron ore was found in small quantities by Prof. Walker
in ore at the Murray mine, and many of the thin sections made from the nickeliferous

norite contain magnetite surrounded by leucoxene, showing that the unweathered
mineral contained titanium.

CASSITERITE

The only other oxide of interest in the nickel ores is cassiterite, or oxide of tin,

which was found by Messrs. Penfield and Wells along witn the sperrylite from Ver-
milion mine. 'Ihe quantity is insignificant, however.

NATIVE METALS

Native copper has already been mentioned as occurring in the Vermilion mine,

no doubt as a gossan product. Gold is more commonly found, as small colors, in
the gossan at the Vermilion and Victoria mines, as shown in a previous paragraph.
In early days it could be panned without difficulty at both localities, and the small
amount of gold obtained from the nickel matte of all the mines is no doubt to be
accounted for by the presence of free gold in the ore.

Whether the very considerable amount of palladium obtained from Copper Cliff

matte occurs native or belongs to some compound resembling sperrylite is not known.
A small part of the silver in the matte probably occurs native, alloyed with the gold.

gjAm. Jour. So., Vol. I. 1896. p. 112: and Trans, Am. Inst. Mining Eng., Vol. XXXIV, p. 11..
93 Am. Jour. Sc, Vol. XXXVII, 1889. 93 E. M. J., 1905, p. 125.
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GOSSAN MINERALS

Almost all the nickel deposits have been acted on by the weather since the

glacial period, and are more or less covered with gossan. One might naturally

expect to tind nickel and copper compounds in the gossan, but apparently these

compounds are more soluble than the iron oxides, and up to the present only traces

ot them have been reported from the region. The gossan consists, apparently en-

tireijj of limonite or hydrous sesquioxide of iron, whose rusty brown color character-

izes the deposits. Part of the limonite shows a dark brown, concretionary appearance,

while other parts are earthy and yellower. At the C'reight( n there are in places very

pretty concretionary growths in the cavities of the goisaii, while other parts have

a brecciated appearance, angular fragments <> brick red or yellow limonite being

cemented by dark brown or even metallic-lo'>king black limonite, the lighter-colored

blocks, first deposited as mud, having dried and split, allowing the dark variety to

fill the spaces. Some of the gossan deposits might almost be used as iron ores, so

completely have the sulphides been dcconipostJ.

When damp there is a peculiar odor connected with the pyrrhotite deposits,

coming from the sulphates resulting from the action of oxygen and water on the ore.

Ferrous sulphates and doubtless sulphates of copper and nickel, are formed in nature,

like the sulpiiates which appear in cavities in the roast heaps. The only mineral

of the kind wliich llH^' lieen iies(ribed is Morenosite or nickel vitriol (NiSO^— 7H-,0),

which occurs as a greenisli-white and pale apple-green incrustation at the Gers-

dorffite and Worthiiigton mines. 94

OANQUE MINERALS

In almost all ore deposits the gangue minerals are much in evidence and require

description; but in this respect the Sudbury nickel region is an exception. Leaving

out of view the rock-forming minerals of the norite and the granite or greenstone

of the country rock on the opposite side of the ore deposits, gangue minerals are

practically absent in the marginal type of deposit, and play a very inconspicuous

part in most of the offset deposits. There are a few later fissures at Creighton, Elsie

and other marginal mines in which quartz and carbonates, such as calcite, dolomite

and ankerite, are found ; but, as they are not connected with the formation of the

deposit and do not affect its character appreciably, they may be neglected.

In the offset deposits, such as Copper Cliff and Victoria mine, quartz and the
carbonates are more common, but still form only a trifling percentage of the

deposit. At the Vermilion and Worthington offsets, however, there is often much
quartz with a varying amount of carbonates, suggesting a considerable re-arrangement

by circulating water. In some of the offset deposits, as at Worthington and Clara Bell,

with the quartz and carbonates blade-like crystals of actinolite are found.

USES OF NICKEL
The metal nickel was discovered by Cronstedt in 1751, in the mineral kupfer-

nickel (niccolite or nickelite), obtained from a cobalt mine in Helsingland. Sweden, and
in 1754 he further investigated the substance and described the properties of the metal.

The mineral kupfer-nickel looks like copper but does not contain that metal, disap-

pointing the miners, who gave the name in derision ; and Cronstedt applied the name
to the metal. It was not until 1775 that Bergman prepared the pure metal, however,

and even then he doubted its purity because it was attracted by the magnet, which

suggested that it contained iron. 95 It was long before a use was found for the metal

in Europe, though its alloy, packfong, containing copper, nickel and zinc, had bc^n

known to the Chinese from time immemorial ; and it is said that "the Bactrian king

94G. S 0., 1892-3, E. p 27. 95 Kopp. Geschitche der Chemic, Vol. 4. pp. 156-9.
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Euthydemos who reigned about 236 B. C, employed an alloy of nickel for coinage

purposes, containing 77.58 per cant, of copper, 20.04 per cent, of nickel and 1.72 per

cent, of impurities. "9«

Alloys of nickel were usecl then lono; before the pure nirtal was known, very much
as bronze, the alloy of copper wnd tin, was used for ages before the metal tin was put
to use.

Nickel alloys with many metals but its alloys with copper and zinc are the com-
monest, being used under various trade names, such as German silver, maillechort,

argentan, white metal or queen's metal. German silver usually contains 5 parts of

copper, 2 of nickel and 2 of zinc ; and packfong, mentioned before as a Chinese alloy,

contains about 40 per cent, of copper, 15 per cent, of nickel and 45 per cent, of zinc.

An alloy of 20 per cent, of nickel with 80 per cent, of copper is much used for casing

bullets. For subsidiary coinage an alloy of 75 per cent, copper with 25 per cent, of

nickel is used by the United States, Germany. Belgium, Brazil and Venezuela ; and
similar alloys are used by other countries.

Within the last few years several nations have adopted pure nickel instead of the

nickel-copper alloy for their coinage, and the pure metal has many points in its favor.

It does not tarnish and change color like the alloy ; but keeps a bright, attractive color

;

and, as it is harder, the imprint stands wear much better. It is more difficult to

counterfeit, since the minting requires more powerful presses. Switzerland was the

first country to adont th? pure nickel coinage, in 1883, when 20-centinie (four cents)

coins were strucK. In 181)2 Au^t"'a Hungary put in circulation four new nickel coins;

Italy came nest with 25 centessimi vfive cents) coins, but they resembled the silver

lira (20 cents) so much that they were withdrawn. In France a bill was passed in

1903 authorizing the issue of 25 centime pieces (five cents), and in 1904 coins of the same

value but of different design were issued. 97

The fineness of nickel used for coinage is from 97 to 98 per cent, pure, and the

diameters of the coins mentioned are from 19 to 24 millimeters (from | to nearly an

inch), so that they correspond nearly to Canadian bronze cents. The numbers of these

coins issued by the nations mentioned already reaches into the'hundreds of millions; and

they are so preferable in every way to the dull and unpleasant smelling coins of copper

or of copper-nickel alloy that other nations may be expected to follow their example.

Why should not Canada, the producer of half the nickel of the world, replace her

ugly cents by clean, untarnishable, nickel coins, almost as handsome as silver and much

more durable? Canada is presently to have a mint, and it should begin its work by

coining one-cent and five-cent pieces of pure nickel; making use of a distinctively Can-

adian metal.

A new use for pure nickel, which may grow to be of great importance is in the

manufacture of Edison's latest storage battery, which is very much lighter than the

old lead storage batteries.

The uses of pure nickel, other than for coinage, are not at present of great im-

portance, though various small articles are made from it, but its use in plating iron

or steel and zinc is very wide-spread, on account of the untarnishable white surface it

gives; and nickel plated articles are in use everywhere.

NICKEL STEEL

The value of nickel as the pure metal and in its alloys with copper, zinc and other
|

metals, where the percentage of nickel is considerable, depends largely on its white
j

color, and the fact that nickel has a very high power of impressing its whiteness on
j

alloys in which other metals, such as copper, are in preponderance.

9«G. 8. p., 1904, part H, p. 524; where Dr. Barlow referB to A.astpn a IliBtorical Sketoli Df|

Nickel as his authority.
97 See an interesting article in The Iron Age. Vol. 75. No. 14, pp. 1175-6.
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In its alloy with iron and steel the usefulness of nickel turns on the great improve-

ment in strength and other properties which it imparts to the alloys, even when present

in quite small amounts. It is singular that iron and nickel, with their close relative

cobalt, should be so regularly divorced in ordinary ore deposits, for the three form a

natural group of metals very much alike in many of their properties, and probably

once intimately associated. In meteorites iron plays the largest part, but always

contains a small percentage of nickel and a much smaller percentage of cobalt. In a

few examples of basic eruptive rocks we find the native metals associated also, but

iron ores are almost always devoid of nickel or cobalt. The ores of iron have undergone

processes which have removed the nickel, probably because of the greater solubility of

its compounds, if the two metals were associated in the beginning, as seems likely.

One of the most striking advances in metallurgy of late years has been the restoration

of the partnership of iron and nickel by the production of nickel steel.

The idea of using a nickel-iron or steel alloy was suggested by more than one

scientific man, and samples of such an alloy were made and more or less experimented

with long ago, as may be seen from the following extract from Mr. Albert Ladd Colby's

valuable paper on Nickel Steel: its Properties and Applications. 9' Searching through

proceedings of scientific societies for the past 80 years, he has found a number of refer-

ences to the subject.

In 1822 Stodart and Faraday published their experiments made at Sheffield in

the alloying of nickel and iron. A little later Berthier made some similar experiments
in France.

"In 1830, Wolf, of Schweinfurt. Germany, put some nickel-iron alloys on the

market, which he called 'Meteoric Steels.' They were damasked, and Liebig comments
on their magnificent appearance in a note in the Amialen der Pharmacie, and states

that this alloy is destined to be developed in the near future.

"In 1835 Fairbairn published some experiments undertaken to determine the

strength of some alloys of nickel and iron similar in conipofiition to meteoric iron.

"At the Exposition held in New York, in 18o3, Philip Thurber exhibited several

samples of nickel steels produced from a nickeliferous limonite.

"In 1858 Sir Henry Bessemer made an experimental 3 per cent, nickel-iron alloy,

with a view to making what he termed 'Meteoric Iron Guns.' He did not, however,
pursue the subject, nor publicly refer to the matter until 1896.

"Percy in his Metallurgy, published in 1864, refers to experiments conducted by

Richardson in his [Percy's] laboratory on nickel-iron alloys varying trom 1 to 50 per

cent, in nickel.

"In 1870 Alex. Parkes, of Birmingham, took out several patents for the production

of alloys of iron and nickel; in 1883 John Gamgee made nickel-iron alloys in Connecti-

cut; in 1884 A. M. Clark, of London, patented the manufacture of a malleable ferro-

nickel.

"In 1885 ferro-nickel was manufactured at Marbeau's works at Montalaire. France,

under the supervision of Bertheault.
"In 1887 highly carboniferous nickel steels were made experimentally at the steel

works at Imphy, France: and in 1888 and 1889 several French and English patents for

the manufacture of nickel steel, and its applications, were granted to Marbeau,
Schneider, Riley and Hall.

"It is therefore evident that the advantages of alloying nickel with iron and steel

have been known for some time. The credit of m.nkincr the first systematic series of

practical tests on nickel steel belongs, however, to Mr. James Riley, then of Glasgow,

whose eloborato naper rn 'The Allovs of Nickel and Iron' wa^; read by him on May 8

1889. From a discussion of this paper it appears that J. W. Hall, of Sheffield, had
been working on similar lines, but his results had not been publicly put on record.

Mr. Riley's paper gave the impetus to the introduction of nickel steel in a commer-
cial way."

It shonld be mentioned that nickel prepared by the Mond company is now being

used in the manufacture of armor plates for the British Government, so that the former

prejudice in the Old Countrv aeainst Sudburv nickel has been overcome.

The importance of nickel steel to the Province of Ontario as an outlet for its

nickel was early recognized by the Bureau of Mines, and papers on the subject may

be found in the volumes for 1893 and 189499; showing its vah'.e for various purposes,

especially in the manufacture of armor plate.

sSProo. Am. Soc. for"Teiting~Material87Vol.~IIiri903, pp. 141 and 2.

991893, pp. 147-163; 1904, pp. 182-198.
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Since that time almost all navies have been clothed in nickel steel armor, and

there have been many applications of the alloy to other purposes, such as the bicycle

manufacture, the making of shafts for steamships and the making of steel rails on

curved parts of railways where there is heavy traSBc causing great wear. No doubt

the great improvement in the strength, elasticity, etc., of steel imparted by 2 to 4 per

cent, of nickel would have caused its use on the large scale in structural steel if the

cost of the metal had been lower. Further instances of new uses for this alloy will

be found in Mr. Colby's paper'oo and in D.". Barlow's report.""

Henry Ranger, Sudbury, a well-known pinspeptor

of the nickel field.
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APPENDIX :

Nickel and Nicl<el Steel

Although much has been written on nickel steel, the subject is of sufficient import-

ance to Ontario to warrant taking it up here, particularly as some new documents
in the history of the subject have been secured, through the kindness of Mr. S. J.

Ritchie, of Akron, Ohio. Mr. Ritchie was specially interested in the development of

our nickel deposits as one of the early owners of nickel properties in Ontario, and was

S. J. Ritchie, Akron, Ohio, a pioneer in developing the Sudbury nickel field.

instrumental in drawing the attention of the Navy Department of Washington to the

value of nickel steel in armor plates. He has been good enough to provide copies of

the correspondence on the subject, part of which is here reproduced. The work of

John Gamgee in applying nickel-iron or steel has apparently been somewhat overlooked.

It will be observed that his idea of using it was derived from the properties of the

nickel-iron meteorites. The report of Sir Charles Tupper, then High Commissioner for

Canada in London, is of special interest. Mr. Ritchie's communication dealing with

the origin and early history of the nickel industry in Ontario and Gamgee's experiments

at the Washington Navy yard is as follows

:

100 Am. Soc. for Testing Materials, Vol. Ill, pp. IKS unl liio.

H, pp. 227-8.
01 G. S. C, 1904. Part
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Nickel and Yellow Fever

"The discoverj' of nickel and the origin of the nickel industry in the Sudbury

district is in itself quite unique. Mv first knowledge of nickel, as an alloy with iron or

steel, was in 1876. In that year, I think, yellow fever was epidemic in the cities of

the lower Mississippi and Gulf states. It is well known that the germs of this disease

arc killed by frost. At the date named, I was spending a good deal of time in the

city of Washington. At the same hotel, and occupying the room adjoining ray own,

was one of the most fertile-brained Englishmen I ever met, whose name was John

Gamgee. He spent much of his time in my room. He was resourceful in experiment

and demonstration, but his imagination went far beyond his laboratory tests. He had

remedies for tuberculosis in animals and for yellow fever among human beings. His

remedy for yellow fever was the building of a large refrigerator ship on which a frost

temperature was to be maintained. This ship he proposed to move around to the

different cities where the fever existed, and to take the patients on board where they

were to be cured by the frosty atmosphere.

'He laid his plans before the United States Senate Committee on Epidemic

Diseases, and convinced that Committee of the feasibility of his enterprise. He asked

me to go with him to that Committee, several of the members of which I was very well

acquainted with, and aid him in securing &. government appropriation for the build-

ing of his refrigerator ship.

"I did succeed in getting a promise from the Committee that an appropriation

of )f250,000 would be given to Gamgee, provided he could actually demonstrate to the

committee that he could successfully produce and maintain the proper temperature,

and for the purpose of making the necessary experiments and demonstrations a large

room and all the necessary machinery was placed at his disposal in the Navy Yard
at Washington.

"He erectt d a large machine in the Xavv Yard bui'dines built bv the Wilmincrton

Car W^orks of Delaware. It must be remembered that all this was 28 years ago, when
cold storage was not so well known as now.

,

"Of course Gamgee had to use liquid ammonia in producing his frosty temperature,

and this substance, as is well known, will generate gas at a temperature much below

the zero point. Gamgeo conceived the Utopian idea that he would drive his machine
with the gas generated from his liquid ammonia by the heat of the atmosphere, and
that the gas would part with its heat in the labor of operating the machine and after

having done its work would hecoine reli(|uefif(l auH 1) r.-ady again by the "id

of the heat in the atmosphere to generate more gas, and again start upon a second

round of effort the same as the first. In other words he was within one step of per-

petual motion, the lacking stop being the wearing out of the machine.

"Numerous members of the Senate and engineers of the army were on hand to see

Gamgee's ammonia engine operated. Right here Gamgee struck a snag. He was able

to generate so great a pressure from the ammonia gas that the ordinary cast iron

would not contain it, and he set about making all sorts of alloys to strengthen the

iron and to overcome its porosity. They all failed. The object of the enterprise and
the whole manner of conducting the experiments were so novel to me that I spent

several weeks with Gamgee helping him in any way I could. After a series of experi-

mental failures he one day said to me, 'Ritchie, did you ever notice the meteorites

at the Smithsonian Institution? I want you to go with me and see them.' I told

him that I had many times seen them and knew just how they looked. He said, 'Well,

we have no metallic iron on earth produced by nature in that form, and these meteors
have all fallen from the skies, or have come from some other world. They nearly all

contain nickel and are the closest grained metal we have. To-morrow we will send
over to Philadelphia and get some nickel and we will try this metal as an alloy with
iron, and see if we can imitate nature in duplicating the meteorite, as we are trying

to imitate nature in the production of artificial cold for the yellow fever patients.'
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"We did send over and get some nickel and at once commenced our experiments

by adding one-half of one pei- cent, of nickel to the molten iron in the crucible, and
increasing each separate mixture by an additional one-half of one per cent, of nickel,

until a limit of thirty-six per cent, of nickel as an alloy with the iron had been reached.

We thus had some seventy-two separate pieces of iron and nickel alloys all carefully

marked. When an alloj' containing some eight per cent, of nickel had been made we
tested it, as we really did all the other specimens, but I particularly recall that con-

taining eight per cent, of nickel. It was so hard that neither the file nor the cold

chisel would affect it. We put it upon the anvil, and with a ten-pound sledge I ex-

pected to be able to break it into pieces, but although 1 then had seventy-five pounds

less flesh than I now have, and several times as much muscle, I could not even mark the

alloy with the heaviest blow I could strike with this ten-pound sledge, not to talk about

breaking it. After we had made many tests with the several different percentages

of the alloys, Gamgee threw up liis hands and shouted, 'Eureka ! I have found at last

an alloy strong enough and hard enough to resist anything and close enough in texture

to resist the escape of any form of gas.' The members of the Senate committee were

again brought back to the Navy Yard to see these specimens of nickel alloy. The way
now .'eeiiied clear for Oamgee to secure his promised $2')(l.n(M and to proceed with the

building of his refrigerator ship which would be used as a hospital ship for the cure

of yellow fever patients.

"Gamgee, like most abnormally developed geniuses, had no place in his make-up

for such humdrum routine efforts as financial operations. In short, he had no other

financial abilty than the abilty to get into debt without any ability to get out of debt,

He never even took out any patents upon these alloys of nickel and iron and steel.

He failed to agree with the Senate committee on the cost and management of his

proposed ship, and thus failed to secure the $2.50,000 appropriation. In the language

of diplomacy, the incident was closed, and I lost sight of Gamgee, and all the interest-

ing experiments and experience passed out of my mind.

"All this was seven vears before I had ever seen Canada.
1

Opening the Sudbury Field

"In 1882 I became interested in building the Central Ontario Railway to open up

and develop the iron fields of North Hastings. When the road was built it was found

that these iron ores contained so much sulphur as to be unmarketable, and I commenced

a systematic search for other mineral deposits, which, under the terms of the charter

of the railway, the railway could own and operate nnd by such conveyance of property

I might support and protect the securities of the railway.

"In this effort to secure something for the railway I had a considerable Bearph

of the country made by the local inhabitants .ind otliers from Nova Scitia to Port

Arthur. I went to the Geological Museum at Ottawa and examined specimens of every

kind of ores from every part of the country Among the many specimens examined

at this museum I found some copper ores taken from a cut in the Algoma Branch of

the Canadian Pacific Railway at what is now Worthington Station, and other speci-

mens taken from a cut in the main line of the Canadian Pacific Railway at what is

now known as the Murray mine, about three miles west of Sudbury. These samples I

had analyzed and found them very rich in copper.

"I at once proceeded to have these deposits located. While so doing I found that

W. B. McAllister and J. H. Metcalf of Pembroke, Ontario, had located and taken

up a number of these deposits in this Sudbury mineral belt. Among these was what

is known as the Copper Cliff mine, the Stobie mine, the Lady Macdonald mine, the

McArthur mine and the Creighton mine, the latter not at that time yet deeded to them,

and several other deposits not named. With the exception of a small mine, known

as the Evans mine, and a little ore taken from what is known as the Frood mine,

which I purchased shortly after the purchase made from McAllister and Metcalf, these
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mines thus purchased from McAllister and Metcalf in the summer of 1885 have fur-

nished all the ore mined by the Canadian Copper Company from 1886 to this day, and
are still their sole source of supply.

"Immediately after the purchase of these mines, or rather deposits, from McAllister

and Metcalf, in 1885, and some other properties from individuals, in 1886, including

some purchased from Kinaldo McConnell, James Stobie and R. J. Tough, I made
application to the Ontario Government, through J. D. Evans, the engineer of the

Central Ontario Railway, for large additional locations. Under this application Mr.
Evans located 97.000 acres; h'wever. those who were afterwards associated with me
did not agree with mo in keeping this area of land, but wished it to lapse, which it

Was allowed to do.

"In January 1886, I organized at Cleveland, Ohio, under Ohio charters, two
corporations, one known as the Canadian Copper Company with a capital of $2,000,000,

later increased to $2,500,000, and the otlier known as the Anglo-American Iron Company
with a capital of $5,000,000.

"To the Canadian Copper Company my wife and self deeded the lauds purchased

from McAllister and Metcalf, Rinaldo McConnell and others, and to the Anglo American
Iron Company the late James McLaren, the late H. B. Payne of Cleveland and my
wife and self deeded the 85,000 acres of land along the line of the Central Ontario

Railway, and for the opening up and development of which the Central Ontario Railway

was built. The interest of the late William Coe of Madoc in these Hastings county

lands was conveyed to the Anglo-American Iron Company at a little later date.

Discovering the Niclcel

"In 1886 some work was done upon the property of the Canadian Copper Company
at Copper Cliff, and in 1887 a shipment of some 1,200 tons of this ore was made to

the works of the Orford Copper Company at Constable Hook, New Jersey, in the

harbor of New York. While the chemist of the Orford Company was making his

analysis of the product of the furnaces from these ores he found a metal with which

he was not familiar, and after numerous tests he found this 'substance to be nickel

I happened to be in the laboratory when this discovery was made. Robert M. Thompson,

the president and owner of these works, was also there. The discovery of this nickel

in these ores by the chemist of the Orford Copper Company was alike unexpected

news to both Thomp.son and myself. We had no suspicion that they were anything but

copper ores. This discovery changed the whole situation. We found we had a great

nickel deposit, instead of a great copper deposit, or, to be more correct, we had a

great nickel and copper deposit. As the world's annual consumption of nickel was

then only about 1.000 tons, the question was what was to be done with all the nickel

which these deposits could produce I at once recalled the experience I had with John

Gamgee at the Navy Yard at Washington, ten years previous to this time, and it

occurred to me that nickel could be used with success in the manufacture of guns

and for many other purposes as an alloj' with iron and steel. I wrote to the famous

gun maker, Krupp, at Essen, Germany, telling him of the Washington experiments,

and asking him about his use of it in the guns which he made. I received an answer

from him through his New York agents treating the matter lightly, and refusing to

believe that there was any sufficient quantity of nickel in the world to warrant experi-

ments looking to any extended use of the metal. The question of these alloys was,

however, brought by Krupp, or someone representing him, to the attention of the

Iron and Steel Institute of Great Britain, and that Institute appointed one of its

members, James Riley, the manager of the Steel Company of Glasgow, to conduct a

series of experiments with this allo.v, and report at the next meeting of the Institute.

This he did with great care and exactness, and embodied his experiments in a report

dated in May, 1889. This report 1 showed to General Tracy, then Secretary of the

United States Navy, in the summer of 1889, just as I was leaving for Europe. He read
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the report and grasped its far reaching importance within an hour cr two after receiving

it. and said that the Navy Department wished to send an expert representative of the

Government with me to any and to all plaits which I might visit in Europe in the interest

of this nickt-1-stiel alloy.'"'- As I was going to Kurnpc lor tliat jiurpofc, Lieutenant B.

H. Buckingham of the U. S. Navy, then connected with the office of the U. S. Am-
bassador at London, was appointed to accompany us wherever we might go in Europe
in this interest. Sir Charles Tupper, then the Canadian High Commissioner in London,

was also designated by Sir John A. Macdonald to accompany us in the interest of

Canada in this enterprise to find out whatever might be learned in Europe about the

uses and the alloys of nickel with steel. Sir Charles Tupper and Lieutenant B. H.

Buckingham of the U. S. Navy did go with us to visit the works of Krupp in Germany
and the principal establishments of Great Britain and France, and tlie famous Rio

Tinto mines of Spain. Sir Charles made a report to Sir John A. Macdonald, and

Ijieutenant Buckingham made a report to the Secretary of the United States Navy of

what we had been able to see and find out. We spent two days in the works of Krupp
at Essen, and were shown every possible courtesy. Upon our return Secretary Tracy

Genl. B. F". Tracy, who introduced nickel-steel armor plate into the I iiited States Xavy.

ordered a nickel-steel armor plate made at the famous Creusot works in France, and

also a plain steel plate made at the same works, and a plain steel plate made at the

works of Cammel & Company at Sheffield, England, such as was then used on British

vessels of war. These plates were brought to the Government proving grounds at

Annapolis, Maryland, and set up side by side and fired at, at short range, by eight-inch

guns.

"The victory of the French nickel-steel plate was so complete over both the French

and English plain steel plates that the trial and tests were heralded by telegraph and

cables all over the civilized world.

102 A synnp.ei« of Mr. Ri.Olv's wnor entitled "Alloys of Nickel and Steel," was published in

the Report of the Eoyal Commission on the Mineral Resources of Ontario (1890), pp. 383-387.
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"Tracy, by this Government test, sent all the common steel armor plates to the

junk heap, and completely revolutionized the offensive and defensive eflBciency of the

navies of the world. Scarcely had the sound of the guns at Annapolis died away before

Congress in an hour, at the request of the Secretary of the Navy, General Tracy, voted

an appropriation of $1,000,000 to purchase nickel matte at Sudbury to be used in the

manufacture of nickel-steel armor plate for the U. S. Navy. This million dollar

appropriation by the U. S. Government and the use of nickel in steel advertised the

Sudbury mines over all the commercial world. It saved the Canadian Copper Company
from the expense of making any tests of nickel alloys, for they were all made by the

Government. In short, the Government's action through the Secretary of the Navy
put a new enterprise upon its feet. The Government changed the then existing contracts

with the Bethlehem Steel Company from plain steel plates to nickel-steel plates. It

entered into contracts with the Carnegie Steel Company for the manufacture of nickel-

steel plates under which contracts millions of dollars were expended in buildi)ig the

famous Homestead woiks. The small experiments in the Washington Navy Yard in

1876 have grown to the proportions of covering every first-class wai; ship in the navies

of the world.

The International Nickel Company

"On December 7th, 1901, an optional contract was entered into between four of

the directors of the Canadian Copper Company and the Anglo-American Iron Company
and Robert M. Thompson on behalf of himself and associates, the associates being

Captain DeLamar, E. C. Converse and Charles M. Schwab, under which contract the

directors of the Copper and Iron Go's undertook to sell, and Thompson and his

associates undertook to buy, a controlling interest in the stocks of these two companies.

It was a part of this contract, that Thompson and his associates should form a company

under the laws of New Jersey to be known as the International Nickel Company, and

that this company should receive from the purchasing syndicate the stocks of the

Canadian Copper Company and the Anglo-American Iron Company purchased under

this optional contract of Dec. 7, 1901, which optional contract was accepted by Thompson

and his associates on February 28, 1902. The stocks of these corporations turned over

by the purchasing syndicate were deposited with the New York Security and Trust

Company as a basis for the issuance of the bonds of the International Nickel Company.

I should perhaps have said that in carrying out this contract of Dec. 7, 1901, the

International Nickel Company, under a New Jersey charter, was organized under date

of April 1st 1902. with a share capital cf $24,000,000, and a bonding privilege of

$12,000,000.

"A mortgage was executed by the International Company under date of April

1st, 1902, securing the bonds of the company upon the stocks of the constituent com-

panies deposited with the New York Security and Trust Company, who were the

trustees for the bondholders of the International Company. The Nickel Syndicate also

purchased the stocks of the Nickel Corporation of London, a New Caledonia concern,

and one of Whitaker AVright's enterprises, and also the stock of another small French

company, known as the Societe Miniere Caledonienne. The aggregate of all the stocks,

Canadian and New Caledonian, with the stocks of the Orford Copper Company, and the

stock of Joseph Wharton's small plant at Camden, near Philadelphia, amounting to

about $10,000,000, were deposited with the New York Security & Trust Company, and

$10,300,000 of the authorized $12,000,000 of bonds and $18,000,000 of the authorized

$24,000,000 of stock of the International Nickel Company were issued against these

stocks thus deposited with the Trust Company. The stocks of all the constituent com-

panies belong to the International Nickel Company. The New Caledonia companies are

not and have not been operated by the International Nickel Company. No report is

made of them in the reports of that Company.

The Canadian Copper C- mpinv now rwns some 1(5 000 acres of land and the Anglo-

American Iron Co. some 85,000 acres. The International Company operates in Canada

whollv through the constitient companies.
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"Neither Gamgee nor any other man invented nickel-steel. It is a discovery, not

an invention, and it is probably the only instance in this world where any form of

manufacture is carried on after a formula coming from the heavens or some other

world other than our own.

"There is a very beautiful specimen of nickel-iron meteorite in the Geological

Museum at Ottawa, weighing about 400 lbs. It contains something over six per cent,

of nickel, and was found on a farm in Hastings county, and for years was used by some

untidy farmer to hold his barn-door closed. It never occurred to this farmer that

this lump of metal was a manufacture of the skies. I have several times offered $600

for this meteorite, but of course the Museum would not sell it. Perhaps I ought to

add that as soon as Riley's report had been read bv Secretary Tracy in 1889 and 1 had

given him a report of the experiments at the Navy Yard in 1876, he put the whole

machinery of the Department at work over the United States and Europe to find

Gamgee. I, myself, while in Europe, had the directories of all the principal cities

of Great Britain examined, but neither the Navy Department nor myself could find

him. About a year later I was in the second-hand bookstore at Washington, owned by

H. W. Lowderniilk, a place where Gamgee formerly spent much time, and I told the

proprietor of the efforts of the Navy Department and myself to find Gamgee, and that

we had concluded that ho must be dead. He said he was not dead, and gave me his

address in London which was within half a block of the office of the Canadian High
Commissioner. I then wrote to him and received two or three letters from him. He
was still in the field of invention, experiment and discovery. If there had been earlier

laboratory tests or experiments with nickel and steel thin those of the Washington

Navy Yard in 1876, neither Gamgee nor myself knew anything about them. We fol-

lowed the meteorite and there is not the shadow of a doubt that the reconstruction

of the American navy, clad with nickel-steel armor plates, was the direct result of

these Washington Navy Yard experiments following the formula of the meteorite,

although the experiments were farther carried out by the Iron and Steel Institute of

Great Britain under the direction of James Riley ten or twelve years later. Gamgee

is now dead, but General Tracy is alive and well, and I have no doubt would fully

confirm every statement here made.

"Whatever might have been the ultimate development and outcome of the Sudbury

nickel-copper deposits in other hands, and by other parties, one thing is very certain,

that had it not been for the development of sulphur in the Hastings county iron ores,

which made them unsaleable, thus depriving the Central Ontario Railway of the

principal tonnage which it was built to carry, there never would have been any

Canadian Copper Company or any Anglo-American Iron Company, or any International

Nickel Company, and as the Washington Navy Yard experiments with nickel, iron

and steel following the formula of the meteorite had already passed out of mind before

the discovery of nickel in the Sudbury ores, there would, in all human probability,

have to-day been no nickel-steel clad American navy, and this would mean that there

would have been no nickel-steel clad navy in the world. From the sulphur in iron

ores in Hastings county, Ontario, aided by the composition of the meteorite, has grown

all the nickel and nickel-steel industry of this hemisphere as well as very much ( f like

industries in the old world."

Mr. Qamgee's Recollections

A letter from Mr. Gamgee to Mr. Ritchie in reply to a communication from the

latter gives some further details regarding the early experiments carried on in the

Navy Yard at Washington. It is dated London, March, 1893

:

•'S. J. Ritchie, Esq., Dear Sir: I have to thank you for your kind letter of the

28th of February, which duly reached me this morning. I have, of course, noticed

with interest the progress made in utilizing the iron and nickel alloy.

"The difficulties we encountered in the castings for the ammonia engines and

pumps at the Washington Navy Yard, in spite of the skilled workmen in the foundry.
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led to various devices to overcome the porosity of the metal, and one day I was much
surprised at seeing pure tin run into some large blow holes. The loss incurred from

having to discard cylinders on which much work had been expended suggested to me
that some more rational and scientific method of providing a sound metal should be

attempted. Suddenly the compactness and solidity of meteoric iron struck me, and

I determined on trying very small proportions of nickel, beginning with one per cent,

up to three per cent. Large quantities rendered the metal too hard for the tools, and

we resorted to the process of annealing, in some cases. With the advantage of testing

machines of the Navy Yard we soon determined that we could double the tensile

strength of the best cast iron, and perhaps you know how how we had to secure uni-

formity of the alloy. We attempted to melt the nickel in lumps in the melted iron

as it ran from the cupola, and the resultant casting was of unequaled hardness, tools

being broken when striking against a knob of the nickel that had not been melted.

We therefore first melted the nickel in a crucible and I shall never forget the e£Eect

as >een in our first trial of dropping the small proportion of melted nickel into the

ladle. The surface of the melted mass became covered with particles of dirt or dross,

which was skimmed off, leaving a perfectly pure mass, which we ran into moulds, and

yielded castings that readily resisted, on testing, very heavy hydraulic pressure. I

regret that I had no opportunity of introducing the metal for other purposes, but the

experiments were so public and excited so much interest in the Navy Yard that I am
not altogether surprised to find that at hast some one turns up to give riic credit for

the sugsiestion,

"We rolled some plates, and many experiments were made with various quantities

of nickel to obtain a metal that would not rust. I regret that I lost my original notes,

but it is somewhat strange that the fact of the first experiments having been conducted

by me in the Washington Navy Y'ard has never before been noticed, as there should be

records by the officers who had charge of the Ordnance Department and testing machines.

"I have used the metal from time to time since, and one firm of ammonia machine

makers in America have continued to make nickel-iron castings since I first introduced

them in my methods in 1880. I am now deeply engaged with the final results of 15

years' labor in reaching the auttmatic condensation of all vapor^. By this means I can

run ice machines without using condensing water, and dispensing almost entirely with

fuel. I am building a low temperature engine which will demonstrate the soundness

of the views I entertained in the days when you remember me working in the States,

and which were derided except by that most able of chief engineers, Mr. Isherwood,

and a few other choice spirits. I am running steam engines working steam at 212?

Fahrenheit, as stated in the circular, and 1 would give ahnost anything for more help

and intelligent co-operation in the States and Canada. I sadly need help. My experi-

ments have been costly and protracted, and whilst there is abundant ground for hope

now at a good turn in affairs, yet I can assure that it is not easy to overcome the

prejudices of the engineers arywhere. Might I ask in what position you are in the

Navy Yard, and how you came to know so much of my wandering? I shall be glad

to hear from you again at your earliest convenience, and remain, yours faithfully,

John Gamgee."

"[Note.—The Gamgee experiments at the Navy Y'ard were not carried on under

any inspection or oversight on the Dart of the government, and therefore the Nav>-

Department kept no records of them, as the superintendent of the yard informed

me, when I went to hunt up the records of these experiments and tests, in 1887.—

S. J. R."]

Sir Charles Tupper's Report

The report of Sir Charles Tupper, referred to by Mr. Ritchie, giving the results

of his investigations into the use of and probable demand for nickel in Great Britain

and continental Europe, is interesting enough to warrant its being published in full.

Sir John A. Macdonald's letter introducing Mr. Ritchie, which is also given, shows



1905 Appendix 175

that even at this early stage he recognized the iniportance both to Canada and the

empire at large of the Sudbury nickel deposits. Unfortunately his hopes of interesting

the Imperial authorities in the matter were not destined to be realized. Sir John's

let'er to Sir Charles is dated 11th July 1889:

"My De.\r Sir Charles Tupper : Our friend S. J. Ritchie, of Akron, Ohio, whom
you know, is about to proceed to England for the purpose of calling the attention of

the British public to our mineral wealth in Canada. He desires especially to submit

to Her Majesty's Government the important fact th^it in Canada, especially in the r^ion
of Sudbury, is the largest deposit of nickel in the world. This metal is wanted par-

ticularly as an alloy to make an important gun metal, _ and its extended use will be of

great advantage to the Dominion. Will you kindly put Mr. Ritchie in communication

with the Secretary, both of the Army and Navy, a.s well as, if necessary, with Lord
Salisbury. It is said that the use of nickel will tend to revolutionize the art of gun-

making, and that experiments, both in England and Germany have proved this to De

the fact, so you see the importance of the matter. I hope you will give Mr.

Ritchie all the aid and countenance in your power. Believe me, yours very truly,

John A. Macdon.\ld."

F( Uowing is Sir Charles' report, dated London, November 1889:

"To Sir John A. Macdonald, Premier, Ottawa. My Dear Sir : On the 20th of

August last Mr. S. J. Ritchie brought a letter from you to me requesting me to aid

him in bringing to the notice of the British War and Navy officers the importance of

the recent discovery in metallurgy consisting of an alloy of nickel and steel said to have

very valuable properties for the manufacture of guns and armor-plates for warships.

He also hal letters from the Secretary of the Navy at Washington addressed to the

American Minister here requesting his good offices in the same direction. He likewise

had letter!" from the Commodore of the United States Navy directing the naval attache

of the American legation here to accompany him to all places he might visit in

Europe and to investigate the progress and results thus far obtained from the us©

of this metal. He asked me to accompany him and to see for m.yself the importance not

only of this metal but of the whole iron, steel, copper and nickel interests, and to see

th^ mines and the ores from which they are manufactured, as he said they would

visit the largest mines and manufactures of the world.

"In complianct with this request I left London on the 24th of August in company

with Mr. Cornell, Mr. Oviatt, Mr. Ritchie and Captain Buckingham, the representative

of the United States Navy. We proceeded to Paris, which is the headquarters of fhe

New Caledonia Nickel Company. This company has up to the present time produced

nearly all the nickel consumed in the market of the world, and of course has entirely

regulated tha market for this article. The Society, as it is called in France, is known

as 'Le Nickel.' It is a corporation with $12,500,000 capital. They employ 1,450 men.

they reduce the ores upon the ground to a matte. They are then shipped to Havre

in France, to Birmingham in England, to Glasgow in Scotland. a"d to Iserlohn in

Westphalia, Geimany, at each of which places the company have refining furnaces for

the treatment ct these mattes and converting them into fine nickel. The ores contain

no other valuable mineral than nickel. The company produce cobalt, but this is

principally obtainec". from ores containing but little nickel, the ores are not easily

reduced or refined, and it is said that the cost of producing fine nickel to them is

forty cents per pound. We called upon this company at their office in Paris and found

them quite unwillir.:; to believe that there were any nickel deposits in the world outside

of their jwn cf any imporlarfe They, however, wanted the Canadian Copper Comparjy

to agree to let them have tin? control of their entire product. These mines belong

almost wholly to thj Rothschilds. A Frenchman of the name of H. Marbeau is the

patentee of the allo.v kuowi. as ferro-nickel. It is a composition varying from one to

twenty per cent, of nickel with steel or iron ;
usually about three per cent, of nickel

is used.
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"A company has been formed in Paris under the name of the 'Ferro-Xickel Com-
pany' for the manufacture of this material. The patentee Marbeau is its president.

The real owners are probably the Creusot works located at Creusot in France, and
owned by Schneider & Company. This establishment is to France what Krupp is to

Germany. They are a great establishment, employing over 15,000 men. We also

called upon the Ferro-Xickel Society at their office and saw their product at their

salesrooms. We found the president enthusiastic over his discovery, and the wonderful

results he has been able to produce. He was much elated over the discovery of a new
and large body of nickeliferous ore and pressed the members of the Canadian Copper

Companj- who were there, in the strongest possible manner, to give their company sole

control of their product ; said that they tould use it to any extent to which it might be

produced as an alloy with steel. The Canadian Company, however, declined in either

case to make any contracts with either the Nickel or Ferro-Nickel Companies.

"From Paris we went to Hamburg in Germany to which point the Sudbury Company
had shipped some of their product. Parties from Vienna, who are largely engaged

in the manufacture of nickel came to this place to meet us in connection with the

Hamburg people. They wanted to contract with the Sudbury people for a period of

ten years for the delivery of a large amount each year. They offered to buy the matte

as now produced at Sudbury and to erect refining works at Hamburg for the refining

of the nickel and copper contained in them. They pressed the matter very earnestly.

These people own the largest manufactory of German silver-ware there is in Europe,

their works are located at Berndorf. Both the Hamburg and Vienna people offered to

send a Mr. Krupp, who is one of their firm, and a nephew of the great gun-maker, to

see the property, and learn if some arrangements could not be made by which they

could become identified in the ownership of these properties. It is likely this visit \'-M

be made in the spring.

"From Hamburg we all went to Berlin. The nickel works at that place were a

small affair and we saw little of their working owing to the secrecy which is everywhere

observed in the refining of this metal.

"From Berlin we went to Essen where are located the great works of Friedrich Krupp.

These are the largest iron works in the world and are under the sole control and owner-

ship of one man—Friedrich Krupp. Tie e works were .-tarted by his father, who died a

year or two ago, in a very small way with only three or four men. The present owner

now employs in the various departments of his great works, and in the coal and iron

mines connected with them, 22,000 men, and one of the superintendents of the works

informed us that these employees represented a population of more than 106,000 per-

sons. He remarked that they were very rich in children. These works are not only

the largest gun manufactory in the world, but are also extensive manufacturers of

steel rails, steel tires for locomotives and car wheels; the best wheels used by the

Canadian Pacific Railway and by the Pullman Company are made here. It would

cover many pages to describe these great works. They are generally regarded as very

difficult of access. In fact, very few people are able to get inside the works at all.

We, however, found no trouble. Two superintendents of different parts of the works

met us at the hotel and gave up twi days showing us over as much of the great plant

as we were able to travel in that time. The managers were somewhat reserved as to

the manner in which they cast the great steel ingots from which the heavy cannons

were made. In everything else they were quite willing to answer every question asked

of them.

"From Essen I returned to London and the other members of the party after

visiting other points returned to Paris and after a few days returned again to London.

We then called upon the firm of Tennant & Sons, to whom the Sudbury people had

been making shipments of matte. Sir Charles Tennant is president of the Steel Works

of Scotland, of which Mr. James Riley is manager. He is the man who made the report
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ii!id the experiments with nickel and steel herewith enclosed. This firm told ns tliey

were ready to at once convert their steel wo-ks into a ferro-nickel plant if they could

only obtain a supply of nickel, and were very anxious to obtain sole control of the

output of the Sudbury mines. They said they had an order for 4,000 tons of ferro-

nickel plates for a transatlantic .steamship, but had no niekel with which to make
them. This is the trouble with all these works, there is no nickel on the market to

use in this alloy. Formerly the use of nickel has been very limited, the consumption

of the world being only about one thousand tons per annum, nearly all of which has

been used in the manufacture i>[ (i-.rman silve/ and ecins, the new use in alloys makes'

.lames Riley, (ilasgow, Scotlanfl, whose paper on Alloys of Nickel and Steel, read in May, 1889,
before the Iron and Steel Institute of Great Britain, marked the beginning of the modern

use of nickel as a constituent of high-class steel.

a great demand and finds the market without any supply. AVe were told in Paris that

net ten tons of this metal could be had in the whole of Europe.

"Outside of Sudbury there is not at present produced more than 1,200 or 1,400

tons of Jiickel in the world and the French Government is using fully one-third of that

amount in the manufacture of cartridge shells. If the Sudbury Company extend their

works as purposed the.v will be producing ten times as much nickel as the other mines

in the world. The utility of this alloy seems everywhere to be fully conceded and

nothing seems to remain to bring it into important use but a sufficient supply of the

material.

"From London we went to Swansea, which is the great copper, gold, silver and

nickel smelting and refining centre of Europe. We stopped with Sir Hussy Vivian,

who is the largest smelter in England and employs 3,000 men. He is treating a large

amount of the Sudbury mattes and is so much pleased with them that he has purchased

what is known as the Murray mine located upon the line of the Canadian Pacific

Railway about three miles west of Sudbury, and is putting up a furnace at the mine

12m. (hi)
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to smelt the o-es and ship the matte to his works at Swansea to be refined. He ex-

pressed the highest opinion of these properties and a desire to be connected with them.
'•Coming back from London we called at the office of the Rio Tinto Copper Mines.

These mines are located on the southern coast of Spain about 30 miles in a direct line

from the town of Huelva. The directors of this company invited us to go and visit

them and we did so. These are the largest copper mines in Europe. They have been
worked more or less for two thousand years, successively by Phoenicians. Romans,
Goths, Huns, Moors and Spaniards, and now by an English company. They are very
large deposits of low grade ore averaging only 2i per cent, copper. We were very
kindly entertained by the company upon our arrival and were shown their whole
process. They mine about one and a half millions of tons per annum. Part of this

is shipped to the sulphuric acid makers in England, Scotland and the United States,

and the balance is either reduced to matte by smelting in the furnace upon the ground

and the mattes sent to the company's refining furnaces rear Swansea, or the copper

is leached out of the ore after first being roasted and thon precipitated upon iron.

The company employ at the mine and at the refining works 12,000 men. They have a

share and a bonded capital of $35,000,000, and iti 1888 they paid a dividend of 17 per

cent, upon their stock. Any description of the great establishments and mines visited

beyond the mere outline given would exceed the limits of a report.

"From all the data we could obtain I was convinced that Sudbury could compete

with any place in the world in the production of copper and that it could produce

nickel for about one-half the price at which the French company could produce it.

The best evidence I could obtain of the real importance of the Sudbury mines was the

manifest desire both in England and upon the continent of the largest smelters, and

consumers of both copper and nickel to become the owners of the mines or to control

their output. Mr. Ritchie has furnished me with the most minute details of the

expense of producing their material, and by comparing these figures with those published

by the larger companies in Europe, I cannot escape the conclusion that this enterprise

is one of the most important in Canada. Taking the three companies together I believe

there are only two others which are likely to exceed them in importance, and they are

Canada's two principal railway systems.

'•I intended that my report should stop here, but Mr. Ritchie asked me to go

with him to Birmingham and Sheffield, and I did so. At Birmingham we called upon

Messrs. Henry Wiggin & Co. They and Sir Hussey Vivian, of Swansea, are the two

principal nickel refiners in England, outside of those owned by the French company.

They expresesd the strongest desire to become identified with the Sudbury company.

They were the most frank and unreserved about the cost and manipulation of this metal

in its refining processes of any people we had thus far met. They were also treating

the Sudbury mattes while we were there. From Birmingham we went to Sheffield and

visited the great crucible steel works of William Jesse p & Sons. These works have

been in operation for a hundred years and are probably the most famous for the high

character of their steel of any works in the world. Their manager, M. J. F. Hall has

quietly for the last two years been experimenting with nickel as an alloy with steel,

and has produced the most wonderful results. I was shown pieces of steel containing

no more than five per cent, of nickel and onlv ccne inch square, which showed a

tensile strength sufficient to lift and support two locomotives with their tenders.

These are the most wonderful results ever obtained from steel in any form, so I am

informed. A hundred pound gun is nearly completed by this firm for the British

Government, and they told me they had orders for thousands of tons of this nickel

steel but had no nickel with which to make it. The firm took much pains to show

us everything connected with the process of producing this metal and answered un-

hesitatingly every question asked of them. Mr. Hall was not present when we were

there but came to London the next day to see me, and he and Captain Buckingham,

who represents the United States Navy, and Mr. Ritchie all met in my office. Mr.
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Hall brought the samples with him from which such wonderful results were obtained,

and gave Captain Buckingham and myself the fullest information regarding all his

processes and results. The Captain declared that the success of such experiments
would revolutionize the whole art of gun-making and the manufacture of armor plates.

Mr. Hall said their whole operations were at a stand-still for want of nickel ; but he

had orders for many thousands of tons of this steel and could do nothing with them
for lack of the nickel; that he could furnish any amount both to the Government and
to individuals.

"Such being the conditions of the market for this metal, and Canada owning the

governing supply of the world, I have asked myself, 'Why cannot Canada herself make
this steel?'

"There is not a doubt that the best people in England would readily join in the

enterprise. In answering this question the item of fuel at onje comes up. and I learn

upon inquiry that Chicago has the largest steel and rail mills in the United States.

She hauls all her coke with which she reduces her ores and melts her pig iron, from

Connellsville in Pennsylvania, a distance of over 500 miles. She also hauls her ores

to her mills and furnaces from the mines in Michigan, a distance of over 400 miles.

Canada can obtain coke from Pennsylvania at a haul of not more than 400 miles to the

ores of Hastings county. A steel works located in this neighborhood would have the

ores immediately at the place where they would be reduced. Why then should not

Canada utilize these iron ores and these nickel ores and make this ferro-nickel upon

her own territory.' Why should she not go farther and make this nickel-steel and this

armor-plate upon her own territory.'^ If the Government takes the proper action

there is no doubt that the best skill and the strongest financial backing in England

could be had to carry it on. and it really looks as if it were possible for Canada to

control the character and efficiency of the guns and the navies of the world. I am
led to say this much from the statements of every expert with whom I have talked.

"The condition of the iron market here is unusually favorable for enlisting the

necessary capital for an enterprise of this kind. The curious state of affairs is now

presented here of iron being higher in England than in the United States. I enclose

you slips from the papers showing the conditon of the market. Everywhere I have

been on the Continent the same condition of the trade is found. I cannot but feel

that it is Canada's golden opportunity to move and produce her own iron and steel

as well as nickel steel for other countries. (Sgd.) Charles Tupper."

London, November, 1889.

Cost of Producing Matte in 1889

For use while in Europe, Mr. Ritchie had armed himself with analyses of the

Sudbury ore and figures showing the cost of producing matte, etc. Among the state-

ments was one dated Septe-nber 1889. from Mr. H. P. Mcintosh, secretary of the

Canadian Copper Company, which is of interest as showing the cost of converting

the nickel ore into matte at that time. Mr. Mcintosh's letter reads:

"S. J. Ritchie, Esq., Care Morton Rose & Co., London, Eng. Dear Sir: In com-

pliance with your telegram of this morning we enclose herewith assav report as follows

:

Mr. Hoffman's reports of March 16th and Oct. 1st 188.5: Prof. Chapman's cf Sept.

24th 1885; Orford Copper Co's reports, Dec. 1st, 2nd and 5th 1885; Sperry's certs.

Nos. 2, 3 and 4. October 28th, 1885, and Nos. 7, 8 and 9, Nov. 9th, 1885; and his certs.

Nov. 12th 1887, showitia results of silver assay, samples of fifteen cars shinoed to

Nickel's Laurel Hill Works and complete analysis of copper ore. I have preserved

no copy of the foregoing, and as they are the only record of the same, kindly preserve

or have copies made.

"I also enclose a copy of the report of the Orford shipment, also reports of

monthly assays for the Copper Cliff, Evans and Stobie up to the last inst.
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"The itemized cost of matte is as follows:

Mining per ton $2.79

Transporting 255
Crushing and loading 386

Cost of ore per ton at the roast heap $3,431

Roasting per ton 17

Delivering from K. H. to smelter 28

Smelting per ton 1.76

This includes all fuel, labor, etc.

Cost of one ton of ore in matte $5,641

"The above figures are based on reports from the 1st of la.st Feb. to the 1st of last

month, that is, six months, during which time the average run of the furnace was

6.87 tons of ore into one ton of matte.

"Multiplying $5,641 by 6.87 equals S38.7.5 per ton of matte. This cost is based

on the working of one furnace to which all the fixed charges of smelting are charged ;

and now that we have got the two furnaces going the cost will probably be reduced to

at least $35 per ton, and a greater number of furnaces will reduce it still lower than

this, for there many of the fixed charges that will not be increased by the increase

of the number of the furnaces, therefore the proportion of these charged to each ton

of matte will decrease as the number of furnaces increase.

"The above remarks will also apply to the cost of producing the o:e. for this cost

includes many items of construction which will have to be duplicated, and besides as

the production increases the fixed charges will not, therefore the amount of these per

ton will decrease. We have calculated all of our figures against ourselves so as to have

our factor of safety sufficiently large. Very respectfully, H. P. McIntosh, Sec'y."

"Frt. rate on shipment just leaving for Swansea: $9.16 Sudbury to Swansea;

$7.61 Sudbury to Liverpool."

Mr. McArthur's Estimate of Costs

The possiblity of utilizing the o.es of the northern nickel range has been con-

sidered by various parties ever since the range was brought to light, fifteen years

ago. among others by Mr. Ritchie himself, who in 190.3 carried on correspondence with

Mr. James McArthur, formerly for many years general manager of the Canadian

Copper Company, and superintendent of that company's works at Copper Cliff, on the

prcbable ro't of producirg nickel-copper matte from the ore bodies of that rano'".

based on his e^erience in the Sudbury region. Mr. Ritchie propounded a series of

questions designed to cover the ground in a letter to Mr. McArthur dated 14th Decem-

ber, 1903, to which the latter made reply as follows

:

"S. J. Ritchie. Esq., Dear Sir: I have carefully noted your favor of the 14th

inst. with names, estimated extent of ore bodies, and analyses of the several properties

therein mentioned, which taking tha rough average of the 19 assays as shown, would

give an average value 3.5 nickel and 1.5 copper. This is a better value than the

Canadian Copper Co. could show if they bunched all their properties together for an

average sampling and assaying, which would probably range round 2.5 nickel and -.1

copper.

"Commencing with the mining costs. I herewith submit approximate cost for the

mining and treatment of 600 tons ore per day. with a furnace concentration of seven

into one. product 35 per cent, matte.
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S 8 00



$ 8 00
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1 boiler blowing engine house 1,500 00

3 100-h.p. boilers 9,000 00
.,

1 pump, 1,000 gallons capacity 2,000 00
j

10 log houses at |250.00 each 2,500 00

1 boarding house 2,000 00
,

Approximate cost smelting plant $41,300 00 i

Approximate cost mining plant 36,690 00
;

j

Approximate cost of total plant $77,990 00 I

"For modern plant see J. P. Channing, 11 Broadway, New York, who arranged
|

and built the Tennessee Smelter, Tenn. Jas. McArthur."

The cost of labor and possibly alsd of machinery and supplies has advanced since the I

date of Mr. McArthur's estimate, for which due allowance would have to be made in i

applying his figures to conditions at the present time. I
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Sandstone 2, 10
Chelmsford '96

S-iussuritizatlon 112
Sohand, Germany, nickel deposits at 146
Schist 9, 39, 57, 116
Mica 129

Schneebere. nickel deposits at 146
Schwab. Chas. M 172
Sedimentary rocks 86, 93
Petrography of "

127
Sources and former extent of 100

Selwyn lake 73
Sericite

, . . 93^ 128
Serpentine 94, 108, 132, 146, 148, 150
Sheppard or Davis nickel mine 60
|il>.ca 88. 109
Silicates 148
Hydrous !,....].. 150
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Silisia .Austria, nickel deposits at 146
Silver, in Sudbury ores 151, 153
In matte 152. 154
Native 162

Sih er-coDalt ores 45
Sjos edt. Ernest A 67
Slate 2, 88, 93
Onwatin 10, 133

Slate conglomerate 71
Smaltite 145
Smelter. Copper Clifl 141

Victoria mines 24, 142
Smelting, electric 143
Smelting, cost of 182
Smelting operations of Can. Copper Co. 139
Societe Miniere Caledonienne 140, 172
Sod I :09
Soue«itc LSI

Southern range in detail 21-62
Spanish river, development of power on. 141
Sperrylite 31, 154, 155, 161
Analysis of 162

Staurolite 60, 128
te'zncr. Prof ." 17

Stohio, James 170
Stobie nickel mine 3, 21, 58, 137, 138, 152

Prod'.'ction of 156
StoMe No. 3 or Big l.evack nickel mine, 67, 68
Strathcoiia nickel mine 67
Analysis of ore from 67

Stratigraphy of nickel basin 11
St Stephen's. N.B.. nickel deposits near.. 145
S"dhur,v gabhro area 75
S'uihrry nickel district, minerals of . . 158-161
Bornite 16I
Cassiterite 162
Chalcopyrite I60
Galena iji
Gangue minerals '. 163
Gersdorflite 160
Gossan minerals 163
Magnetite 152
Marcasite 15s
Millerite 159
Molybdenite .. ' 161
Nickelite J59
Pen'Iandite 159
Polydymite 159
Pyrite 158
Pyrrhotite 15s
Sperrylite

.
.".

\ igi
Titaniferoi's iron ore

. 162
Suilbury nickel mines, development of 134
Sudbury ores, distribution of metals in 151
Sudbury, town of 7
Sulphides 50. 60. 70. 74. 88. 112, 150
Extent of ng

Sulphur :

Absence of from New Caledonia ores )50
In matte

. . 152. 154
111 Sudbury ores 151

."'.'Inhurdioxide ... 143
Sultana nickel mine 22 fO
Survey, methods of

" '

7
Sweden, nickel deposits of 147
Syenite ., 9, ng, 123

Talc 57. 128Tam O'Shanter, nickel mine 37
Temagami, nickel deposits near 145
Tennant & Sons 175
Terraces, table showing elevations of . 103
Thompson. Robt. W 172
Thompson-Thalen magnetometer ../.... 15
^i'aniferous iron ore 162
Ti'anium '

. 126
Topography

' ' '

' 4
To'ten nickel mine 30
Tough. R. J 170
Tracy. Gen. B. P 171
Travers nickel mine 81. 23. 144
Trill township, acid edge in 23
Nickel range in .63

'^rillabel'e nickel mine . 63
Trout lake 69
Trout lake conglomerate " 10 39 94
Petrography of ' '129

Tuffs
. ^ . 62. 64

See also Onapmg tuff.
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Tapper. Sir. Chas.. report by as to use of
nickel in Europe 174-179

Turner. A. P 1, 140
Types of ore deposits 19, 150

^^lUe. Titus, analyses of matte by 152
United States, nickel deposits in 146
Tests of armor plate by 171

Upper Huronian. See Huronian.
Uralite 108, 111, 112
Usee of nickel 163

Varallo, Italy, nickel deposits at 146
Vermilion lake 5

Vermilion Mining Co 140

Veimilion nickel mine 31, 81. 153
.u\ ion river 5, 37. 73. 106

Victoria nickel mine 25, 81, 142. 152, 161
Production of 156

\'ictoria mine region 24
Victoria Mines station 142
Vitrophyre tufl 64. 131
Vivian. H. H. & Co. _ 141, 177
Vogt. Prof 17, 118, 154
Volcanic ash 94

Waddell lake 73, 74
Wahnapitae lake, nickel deposits near 145
Wahnapitae river 106
Warren lake 102
Walker, Dr. T. L., on Sudbury ores. 3. 11.

17. 52. 13'

Analyses by 107.117.152
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NINETEENTH ANNUAL REPORT

OF THE

Commissioners for the Queen Vidoria

Niagara Falls Park.

To the Honorable W. Moktimek Clakk, K.C, Lieutenant-Governor of the

Province of Ontario :

May it Please Tour Honor :

The Commissioners for the Queen Victoria Niagara Falls Park beg to

submit their Nineteenth Annual Report, being for the year 1904, to which is

appended the usual statement of Receipts and Expenditures, the Report of

the Park Superintendent, and the text of the Agreements, which have been
entered into during the year.

As the Queeu Victoria Niagara Falls Park Commission has completed
twenty years of active eervice and now enters upon the third decade of its

history it may not be out of place to give a brief historical review of the work
which has been accomplished by the Board since its organization in 1885,

and in doing this the CommisJsioners make no apology for repeating matters

which may have appeared in one or more of its previous Annual Reports.

Initial Steps.

It is now twenty-six years since the late Lord Dufferin brouerht his great

influence to bear upon the authorities in both Canada and the United States

to secure and hold for the benefit of the public all the lands about the Falls

of Niagara, in order that the people of all nations might enjoy this great

natural wonder for all time, freed from the vexatious annoyances to which
they were then exposed.

Influenced by this appeal Sir Oliver Mowat, then Premier of Ontario,

had an Act passed by the Legislature in 1880 conferring upon the Minister

of Public Works for Canada all the authority which the Provincial Govern-
ment could give, in order that the project might be carried out as an Interna-
tional undertaking, but no action having been taken by the Dominion author-
ities in that direction, the Ontario Government took the matter in hand and
in 1885 passed an additional Act, the preamble of which reads as follows :

—
"Whereas, the Government of the Dominion of Canada has not availed

itself of the provisions of the Act passed in the forty-third year of Her
Majesty's reign, entitled An Act Respecting Niagara Falls and the Adjacent
Territory, and it is desirable that other means should be taken to restore to

some extent the scenery around the Falls of Niagara to its natural condition,

and to preserve the same from further deterioration, as well as to afford to

.travellers and others facilities for observing the points of interest in the vi-

cinity
;

Therefore, Her Majesty, by and with the advice and consent of the Legis-
lative Assembly of the Province of Ontario, enacts as follows :

"

[5]
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This Act provided for the appointment of three Commissioners with au-
thority to "Select such lands in the vicinity of the Falls of Niagara within
the Province of Ontario, as are in their opinion proper to be set apart for the
purposes set out in the Preamble of this Act " and also " to report as to the
plan, which in their opinion ought to be adopted for securing the permanent
appropriation of the lands for the object hereinbefore mentioned, and for the
improvement and preservation of the property, and as to the mode in which
the same should be managed in order to secure the enjoyment of the same as

a public Park."

The Commissioners appointed were Colonel Sir Casimer Gzowski, John
W. Langmuir and J. Grant McDonald, and immediately upon their assuming
office steps were taken to carry out the important trust committed to them.
Surveys were made, lands were selected and negotiations entered into with
the owners for the acquirement of the private property contained within the
limits of the area selected for the Park. As arbitration proceedings became
necessary in order to determine the price to be paid for the several properties.

Arbitrators were appointed and the values arrived at, but as in several cases

Appeals from the decision of the Arbitrators were entered, an Enabling Act
was passed by the Legislature at the Session of 1886, by which the appeals
were facilitated. Early in 1887 the final awards were made and an Act was
passed by the Legislative Assembly of that year, entitled "An Act Respect-
ing the Niagara Falls Park." Under the provision of this Act the title of
the Park was defined as "The Queen Victoria Niagara Falls Park." The
Commissioners previously appointed were incorporated their duties and au-
thority defined.the lands selected for the Park vested in them, and author-
ity granted for the issue of Debentures to the amount of f525,000, for the
payment of the lands acquired and for preliminary works of restoration,

and the Lieutenant-Governor-in-Council was also aiithorized to vest in the
Commisisoners any unpatented lands, the property of the Crown, lying along
the Niagara River.

,

Park Territory.

The area originally defined for the Park embraced all the lands between
the River and the top of the high bluff, with an average depth of about two
hundred and fifty yards to the west and extending along the River from the
Clifton House one mile north of the Horse Shoe Falls to a

point above the Dufferin Islands a total length along the water's
edge of nearly two and one-half miles and embracing about one
hundred and eighteen acres of private property. To this area,

however, was added the lands of the Crown, which were also vested
in the Commissioners by the Province making an aggregate of one hundred
land fifty-four acres embraced within the limits of the original Reservation.
This area has recently been increased by the extenaion of the shore line into

the River at various points which makes the present area of the Park proper
at Niagara Falls.. j 196 Acres.

Recognizing, however the desirability of making
the Park system as complete as possible the Commis-
sioners applied to the Government for all the unpatent-
ed lands along the Niagara River from Lake Erie to

Lake Ontario which could be used for Park purposes.
By this means there has been added from time to

time :—By Patent from the Crown

—
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1. The Chain Reserve along the Niagara River,

from the Park to Niagara-on-the-Lake, a distance of

13 miles, together with all the ungranted lands lying

between the Reserve and the water's edge 260 Ac.

2. The Chain Reserve along the Niagara River
from Chippawa to Fort Erie, a distance of 16 miles 100 Ac.

Making together an area of 360 Acres,

The Commissioners have also acquired the fol-

lowing lands by purchase :

3. Right of way for Electric Railway 20 Ac.
4. Lands at Niagara Glen 60 Ac.

5. Lands at Queenston Heights 44 Ac.
6. To widen the highway on the Chain Reserve,

south of the Park ' 21 Ac.

Making a total purchased area of 145 Acres.

In addition to which the Commissioners have
under Lease from the Dominion Government :

7. Queenston Heights Militarv Reserve 69 Ac.
8. The old Fort grounds at Fort Erie 17 Ac. 86 Acres.

Making an aggregate of 787 Acres

Improvements.

Immediately on receiving possession of the property at Niagjara Falls
"the Commissioners organized a Staft' and commenced reclaiming and improv-
ing the grounds, removing all unnecessary structures, changing and pro-
viding suitable roadways and paths, opening up the property and providing
CQnveyances for the public. To obviate the inconvenience of the Winding
Stairway at Table Rock by which visitors were taken down to the base of
the cliffs to go under the Falls, a new hydraulic Elevator was constructed,
but as the Falls had greatly receded a tunnel was cut through "Termina-
tion Rock" and a passage provided to enable visitors to go under the "Sheet
of Water." Shelters were also constructed at many of the best points from
which to view the Falls and River. This work was sufficiently advanced to
permit of the Park being opened to the public in 1888. Since that time con-
stant progress has been made in developing the property ; additional road-
ways and paths have been constructed, wet portions of the grounds drained
and levelled, Picnic and Recreation Grounds have been provided and a large
portion of the property has been planted out with the best kind of Trees,
Shrubs and herbaceous plants and a Greenhouse has been built to furnish
bedding and other plants for decorative purposes and cold storage for win-
tering Tub Plants in safety.

Owing to the construction of the important works undertaken for the
development of power in the Park a great many changes were necessitated
in the general plan of the Park improvement, and advantage was in every
case taken of these changes to ensure the best possible results. One of these
important works provided a new means of access to go under the Horse Shoe
Falls, by the construction of a new shaft and tunnel from Table Rock House
to the heavy sheet of water. The tunnel is over several hundred feet in
length and an Electric Elevator is provided in the Shaft by means of which
visitors may be taken directly from the Dressing Rooms in that building.
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The old historic building known as the "Museum" was for a time re-

tained as a Restaurant and Shelter Building, but as it shut off all the views
of the Falls and upper River from the Picnc Grounds and was a very serious

obstruction to the prospect from both sides of the River, the Commissioners
finally decided to remove it and a new and appropriate Refectory and
Shelter BuildiuQf has recently been erected in a suitable location providing
all needed facilities for the public while at the same time the design har-

monizes with the surroundings.
It was the intention of the Commissioners at the same time to reinove

the Table Rock House, as it is even more objectionable, from a scenic point
of view than the Mxiseum, being at the most congested portion of the Park,
owing to the heavy expense, however, this improvement has been deferred.

The Toll Road, north of the Park, which extended along the front of

the town of Niagara Falls, was acquired and the Toll Gate was abolished and
a new and thoroughly macadamized road constructed. TTnder an Agree-
ment entered into with the town the expense of maintaining this two and
one-half mile stretch of roadway along the edge of the cliff's is to be borne
jointly by the City and the Commissioners. •

At Whirlpool Point the rock formation has been covered with soil and
planted, a gravelled path has been provided and a Rustic Shelter erected.

At Niagara Glen much clearing up has been done, stairways and walks
have been built, shelters erected, and the natural beauties of this interesting:

spot made thoroughly accessible.

At Queenston Heights additional lands have been actjuired and a good
roadway constructed upon the level to afford an easy approach to the Monu-
ment from the west; Ball and Picnic Grounds have been made; facilities for

hot and cold water provided, shelters have been built, the Monument repair-

ed and the historical grounds on the Heights opened up and put in order.

As the monolith, which stands at the base of Queenston Heights, marking
the spot where General Brock fell, was found to be on priVate ground, the site

was acquired together with an additional area, which had been fenced,

planted and maintained in good order.

The Chain Reserve along the edge of the upper River, between Chip-
pawa and Fort Erie, was found to be seriously eroded at several points by the

action of the River during storms. At the worst points stone protection has
been placed in the water to guard against further erosion, and lands have
been acquired to widen the highway at such points.

At old Fort Erie the grounds, which were an open common prior to being
vested in the Commissioners, have been fenced and cleaned up and the old

fortifications repaired. A substantial and appropriate Granite Monument
has also been erected to commemorate the valient deeds done at this point in

the War of 1812-14.

These and many other works for the development and improvement of

the very extensive and important property now under the jurisdiction of the
Commissioners have been carried out from time to time, and throughout the

whole period of seventeen years during which the Park has been open to

the public, all the property has been improved and kept in an efficient state

of preservation. Good order has also been maintained at all times, and
any breaches of the peace have been promptly dealt with by the proper au-
thorities.

Financial Requirements.

When the Park scheme was first taken into consideratin.i 1 y the Govern-
ment of Ontario it was made a cardinal principle that the Park prpeity
should be made self-sustaining and that it should not become a permanent
financial burden on the Province.



1904 QUEEN VICTORIA NIAGARA FALLS PARK.

As the Eeservation on the American side was established a shoit tiiue

before the Canadian Park, a comparison of the manner of financing tho two
systems may be interesting.

On the American side the State of New York acquired the lands for the

IJeservat ion, emlna'-iiiir aV)out one hundred and four acres, at a cost of

$1,462,929.50, and handed them over practically as a gift to the Board of

Commissioners. At the same time providing an Annual Grant of |20,000
for the maintenace of the property, which was afterwards increased to $25,-

000, and in addition sJpecial grants have been made from year to year for

permanent improvements.
The total appropriatif)n for the maintenance of the property

to September 30th, 1903, having been '.. $410,000
And for special improvements $366,500

1776,500
From which must be deducted the receipts from the Reserva-

tion $193,200
Net Expenditure since 1885 $583,300
Making the total cost of the Eeservation to the State of New York,

which has now an area of 112 acres, considerably over $2,000,000.

Differing from this the Queen Victoria Niagara Falls Park lands were
acquired by the sale of Debentures issued by the Commissioners under the au-
thority of the Legislature and guaranteed by the Province. The first issue of

Debentures in accordance with the Act was for $525,000, bearing interest at

the rate of four per cent., payable half-yearly, and terminating in forty
years from the date of issue (1887). A portion of the proceeds of the De-
benture issue was used in the initial works of restoration and improvement.
In 1894 Legislative authority was granted for an additional issue of Deben-
tures to the extent of $75,000, bearing the same rate of interest and matur-
ing at the same time. The total Debenture debt resting upon Park prop-
erties is therefore $600,000.

The total amount spent in acquiring the
original Park at Niagara Falls and the sev-
eral additional properties purchased later has
been $463,871.60

And the outlay for permanent improvments
on Capital Account upon the whole of the prop-
erty vested in the Commission to December
31st, 1904 $179,885.52 $643,757.12

There has been paid for interest on Deben-
tures (' $401,507.28

And for general maintenance $305,875.10 $707,382.38

Making the total expenditures to date $1,351,139.50

The Act establishing the Park and incorporating the Commission made
no provision for meeting these large capital and maintenance expenditures
other than the imposition of reasonable tolls for admission to the Park and
for the use of such special appliances as might be found desirable for the con-
venience of visitors. As the Commissioners of the Eeservation on the
American side made the admission to their Park entirely free, it was consid-
ered impracticable to impose a charge for entering the Canadian Park, and
the Commissioners were therefore obliged to relinquish this anticipated
source of revenue and as the modest scale of tolls imposed for the use of spe-
cial appliances provided in the Park yielded only a small sum the burden was
thrown upon the Commissioners to devise some means of obtaining income in
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order to provide for the outlay not only for works of improvement and gen-
eral maintenance but for the payment of interest on the debenture debt.

After much consideration and not a little solicitude it became evident
to the Commissioners that the requisite revenue could only be raised by grant-
ing privileges in connection with the Park which while being revenue pro-
ducing would do the least possible violence to the aims of the original projec-
tors of the Park.

The several methods by which this has been accomplished, and a perma-
nent income assured which will not only meet the annual reciuirements for
maintenance and current expenses, but also the liabilities incurred in con-
nection with the acquirement and development of the Park and all itsoutly-
ing properties, and will ultimately provide a permanent and substantial
addition to the revenues of the Province, may be now briefly referred to.

Feanchises.

1. The necessity for providing tourists with a convenient and economi-
cal means of reaching the Park, and of viewing all points of interest along
the Niagara River between the navigable waters at Chippawa and steamer
connections at Queenston, a distance of twelve miles, eveiy portion of which
is full of historic interest and scenic grandeuri, led to the granting of a fran-

cliisle for an Electric Railway through the Park and extending in either

direction to the points named. The Commissioners providing the right of

way over this property as well as the use of sufficient water from the river

to furnish power for the railway. For this franchise the Commissioners! re-

ceive 110,000 per annum.
2. The privilege of taking visitors behind the falling waters of the

Horse Shoe Falls and of selling refreshments and photographs in the Park
was next granted, and from thitl source the sum of $9,000 a year is obtained.

3. Early in 1890 application on behalf of English Capitalists and Elec-

tricians was made to the Commissioners for an option c^overing the right to

develop the water power of the Falls for generating electricity for commer-
cial purposes. This application received very careful consideration, not

only on account of the opportunity thus afforded for obtaining revenue, but

for the possibilities which would be presented whereby the enormous power
of the Falls, which had been for centuries unused could be utilized without

in any material way defacing the scenery of the Park or marring the sur-

roundings of the Falls. As the applicants/ failed to complete their Agree-

ment the option lapsed and it was not until 1892 that a franchise was grant-

ed, under the terms of which a Company was authorized to utilize the water

for power purposes xvpon the payment of certain rentals. This franchise

also lapsed by reason of default in the construction of the works called for

in the Agreement, and a new franchise was subsequently granted to the same
Company under amended restrictions. This Company,, The Canadian Nia-

gara Poster Comjjany, has actively prosecuted its works in the Park and has

completed all the water ways for the full capacity of it^ plant and has now
actually ready for use and transmission 20,000 electrical horse power. The
rights granted cover the output from ten Electric Machines of 10,000

horse power capacity each, with one spare machine, or a total working capa-

city of 100,000 Electric horse power, and the rentals to be paid are : For

ground rent including the first 10,000 electrical horse power developed and

sold 115,000; for every additional horse power between 10,000 and 20,000

at the rat« of fl.OO per hor,se power; for every additional horse power above

20,000 up to 30,000, 75 cents per horse power and for every horse power above

30,000, 50 cents. Under this tariff, should the Company develop the full

capacity of the plant, |67,500 per annum would be received.
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4. The Ontario Power Company of Niagara Falls also made applica-

tion for a franchise to develop water power, its first design being to tap the
Welland River near Chippawa, leading the water through the Park, and to

this end an Agreement was entered into with the Company and work was
begun in 1902. Further examination of the physJical characteristics of the
region however led to a change of plans, and an application for the privi-

lege of taking water from the Niagara Eiver at Dufferin Islands, in addition
to the original grant, was made. The Commissioners decided that the
rights askeii for should be looked upon as a separate and distinct franchise

and therefore should be paid for accordingly and an Agreement was entered

into in 1902 on that basis whereby the Company was empowered to develop
water from the two sources.

The Niagara Eiver rights granted this Company provide for laying three
main feeder pipes under the surface of the Park, each of which will be
eighteen feet in diameter and have capacity for developing electricity in the
Power House variously estimated at from 50,000 to 60,000 horse power.
What quantity may be developed from the original or Welland Eiver pro-

ject has not yet been determined. For ground rent, including the first 20,-

000 electrical horse power sold, the Company will pay annually §30,000; for

each horse power above 20,000 up to 30,000 -Sl.OO; for every additional
horse power above 30,000 up to 40,000, 75 cents; all above 40,000 horse
power to be paid for at the rate of 50 cents per horste power. Should the
Company dispose of say 100,000 horse power the rental from this source will

be 177,500 and should the output from both the Niagara and Welland
Eiver proiects reach 200,000 horse power, the total rental would be 8127,-
500.

5. The Electrical Development Company of Ontario, an exclusively
Canadian Corporation applied for rights to develop water power at Tempest
Point, midway between the works of the Canadian Niagara and Ontario
Power Companies ; after protracted investigation a franchise wa^ granted
the Company early in 1903 to develop 125,000 horse power on the same finan-

cial terms as those granted to the Canadian Niagara Power Company. As
the works of this Company are situated in the Niagara Eiver at the most tur-

bulent part of the upper rapids it was of course impossible to foretell what
hydraulic conditions might be found within the area defined for the works
of the Company. When the temporary Coffer Dams were constructed and
the river bed unwatered it was discovered that a much greater volume of

water would be available for use than was rec[uired for developing the vol-

ume of power agreed upon. The Company therefore sought permission to

utilize this extra water, and an agreement was ultimately arrived at by which
subject to ratification by the Legislature, the Company are given an op-

tion, exercisable at any time within a period of ten years from the time

the works first authorized are in operation, to generate additional power up
to, but not exceeding, 125,000 horse power. The terms and conditions' of

this franchise are identical with the one originally granted, and until either

exercised or cancelled by default, certain rentals are to be paid.

For these five franchises there has already been paid in to the Commis-
- eioners the sum of .?620,777 as follows :

Electric Eailway Company §132,500.00

Photograph and other privileges 103,700.00

Canadian Niagara Power Company 224,577.78

Ontario Power Company 110,000.00

Electrical Development Company 30,000.00

Or a total of $620,777.78
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It will thus be seen that nearly one-half of the total expenditures in-

curred in connection with the establishment of the Park and its development
and care since 1887, have been derived from the franchises above recited.

The balance having been obtained from tolls and by the sale of the deben-
tures. A condensed Siummary of the entire receipts and expenditures is as

follows :

Total amount expended to date 11,351,139.50
Received from franchises $620,777.78
Received from sale of debentures 611,953.07

Received from tolls and sundry sources 9q,948.15 1,328,679.00
J

Thus showing an excess of expenditures over

Receipts for the eighteen years of ? 22,460.50

The annual revenues now assured to the Park from the various franchises

enumerated will after this year be |84.200 while the revenue will increase from
year to year with the growing demand for electrical energy, and in all proba-

bility will amount within the next five years to over $200,000 per anniim.

Having thus given a general summary of the many important matters

which have engaged the attention of the Commissioners since the incorpora-

tion of the Board in 1885, the various questions which have engrossed their

attention during the past season may now be referred to.

Work doxe i>' 1904.

It is perhaps unfortunate that great engineering works of any kind can-

not be carried on without defacement of the surroundings, as even the erection

of a small dwelling house necessitates the scattering of building and other

material about the locality for the time being. To how much greater extent

therefore must of necessity be the defacement of the Park surface and gen-

eral surroundings when the operations now being carried on are upon such a

gigantic scale, involving the bringing on the ground and storing of vast quan-
tities of machinery and construction materials of every kind and of the most
massive proportions. The Commissioners are, however, pleased to know that

in respect to the works of one of three companies) operating the worst deface-

ment is over and another season will see the surfacing and finishing of the

area disturbed by this company's works, well advanced towards completion.

Throughout the year all the works for the development of the water power
plants have been prosecuted with a great measure of success, and a very brief

history of the progress made in each case may be of interest.

The Canadian Niagara Power Company.

In their last Annual Report the Commissioners referred to the excellent

progress which had been made by this pioneer company in working out its ini-

tial development. Since that time the works have been carried on with such
marked energy that at the close of tlie year one-half of the Power House had
been built and all the machinery and appliances required for two of the 10,-

000 electrical horse power generators were fully completed and made ready for

service. The ceremony of formally starting these immense electrical ma-
chines was conducted by the chief officials of the company, in presence of the

Commissioners and a few invited guests, on the second day of .lanuary. 1905.

The various works, required to complete the installation of the hydraulic ma-
chinery for three additional units of 12,500 horse power each, and electrical

machines for 30,000 additional horse power, were all well advanced at the

close of the vear.
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During the season this company also commenced the work of surfacing
and restoring the portions of the Park, which had been disturbed by the opera-
tions of the company.

The Transformer House of the company, from which electrical current is

to be stepped up to high pressure for transmission purposes and which is lo-

cated a short distance outside the Park limits, has been finished, and the un-
der-ground conduits for carrying the electricity through the Park to the

Transformer House and to the international boundary at the Upper Steel

Arch Bridge, have also been completed.

The Commisisoners have reason to be greatly gratified that this first in-

stalment of electric power on a large scale from the waters of the Niagara
River on the Canadian side, has been so successfully accomplished, and that
the power was available for consumers within the time limit provided for in

the agreement.

Ontario Power Company.

The very extensive operations required for the development of the Ni-
agara Biver power by the Ontario Power Company have all been carried on

,

with skill and energy during the past year, and everything points to the com-
pletion of the first instalment of electrical energy by mid-siimmer of 1905. \

The Forebay works at the Dufi'erin Islands, with the exception of the In-
take Piers and Ice Diverter, are practically ready fqr letting in the water, and
only the Gate and Screen House superstructures and a few other minor works
remain unfinished. One of the eighteen feet steel pipes, which is to carry
the water supply from the Forebay to the power house, below the Falls, is in

place and the concrete covering, to protect the steel pipe is nearing comple-
tion. Work on the penstocks by which the water will be conveyed from the
pipe to the water wheels, is well advanced and a considerable portion of the
power house, which is located on the talus shore of the river below the Falls,

has been erected, and the interior is now being prepared to receive the ma-
chinery.

Very careful consideration has been given by the Commissioners to the
designs submitted by the company for their power house, under the Falls, and
their gate and screen houses at Dufferin Islands. The plans for these build-

ings have been designed by a well known Buffalo Architect, with special refer-

ence to their location in the Park.
The power house, which is of concrete, is designed somewhat after the

Egyptian model, with a flat roof and comparatively low elevation. This
building will be very little in evidence from the surface of the Park proper,

as the roof will be fully one hundred feet below the level of the roadway at

Table Rock and advantage can be taken of the flat roof surface, for the dis-

plaj- of Tub Plants, Shrubs and other forms of natural treatment, which will

afford pleasing effects and greatly relieve the rigid lines of the structure. The
accompanying plate will illustrate the general appearance of the building
when it is completed to its full length. This however will not likely be done
for many years to come, as the portion now under construction only provides
for the machinery and appliances dependent on the water supplied by the first

pipe line, or about one-third of the finished building as shown in the illustra-

tion attached.

The gate house which will contain the massive gates needed to regulate
the admission of water to the pipe lines will be of high class Roman stone
construction, the design is pleasing without being ornate, an illustration of

this building is also given. The screen house, which covers the steel rack, by
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which floating logs or other foreign matter carried by the water, will be pre-
vented from entering the Inner Forebay will also be built of Roman stone, of
artistic design, and the roof will form a broad promenade with wide stairways
leading up at either end, from which visitors may enjoy views of the cascades,
and upper lliver .

The Electrical Development Company of Ontario.

This enterprising company has prosecuted its various works in an excep-
tionally able and vigorous manner throughout the season. The construction
of the Cofter Dam in the Rapids, referred to in last year's report, permitted
the excavation and constructions in the bed of the river to be proceeded with,
all of which work including the excavation of the Wheelpit and its subsidiary
tunnels, the construction of the water and land walls, the arched sheer ice

boom, the cleaning up of the Forebav and the driving of the main discharge
tunnel, from the wheelpit to the edge of the Falls, have been practically com-
pleted, and large quantities of construction material are on hand for the rapid
carrying on of the remaining works.

On the completion of the Coffer dam when the area embraced in the Fore-
bay was unwatered it was found owing to a natural depression in the bed of
the River, the depth of water at the point of Intake was very much greater
than had been expected by the company's engineers, and as the works of this

company are located on the cascades, and the strike of the current leads di-

rectly into the mouth of the Forebay it became apparent that when the Coffer

dam was removed the volume of water intercepted by the works would be
greatly in excess of the company's requirements, imder their existing agree-

ment.

In order to take advantage of this favorable hydraulic condition an appli-

cation was made by the company to the Commissioners for the grant of an
additional privilege, exercisable within a limited number of years, for gener-
ating electrical power in excess of the quantity authorized to be developed un-
der the terms of the Agreemnt of Jauxiary 29th, 190-3.

The company represented to the Commissioners that if it was to be
granted the right to utilize at some future time this surplus water, it would
be necessary to make provision whereby this could be done before the Coffer

dam now enclosing the Forebay is removed, otherwise a very great additional
expense would be imposed upon the' company.

After giving full consideration to all the important issues involved, the
Chairman prepared a memorandum for the Government, setting forth the va-

rious matters which in his opinion should be determined before further nego-
tiations could be entered upon, which memorandum received the approval of
the Board and is as follows

:

"Before deciding whether the application of the Electrical Develop-
ment Company of Ontario to be allowed to develop an additional 100,-

000 horse power should be grantedi, there are certain features of this

matter which should be carefully considered :
—

I. Seeing that three franchises have already been granted for the
withdrawal of water from the Niagara River for the development of
approximately 375,000 electrical horse power, and a further franchise
for 100,000 horse power, to be drawn from the Chippawa River, mak-
ing an aggregate development already authorized of posfeibly 475,000
horse power, it rests with the Government to decide whether as a mat-
ter of public policy any further concessions shall be granted at the pre-
sent time. The points to be considered are :
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(a). The franchises already granted to three separate corporations
for fefiich a large aggregate development should for the present be suffi-

cient to induce effective competition in the supply of electrical energy,
and until the extent of the demand there will be for its use in Ontario
is definitely known.

(b). If such demand in the near future appears to require further
development^ additional concessions can be granted in good time to

meet it.

(c). If the methods, adopted by the various power companies, for

disposing of electrical power at Niagara and throughout the Province
by transftnission are satisfactoiy both in respect to efficiency of service

and price, the Government will then be in a position to decide whether
the public interests will be better served by granting further corporate

franchises, or in otherwise dealing with the development and sale.

(d). If a greatly increased demand arises in the future for elec-

trical power, doubtless the value of franchises for the utfe of Niagara
River water will be largely increased and better terms will be secured
for. any additional concessions that may be hereafter granted.

(e). If franchises are granted, which are likely to be,, on the
American side of the River, involving the withdrawal of a large volume
of water from the river, thus seriou&4y affecting the existing levels, it

may become necessary in the protection of Ontario interests to have equal
or greater withdrawals of water on the Canadian side of the river, or

that an International Agreement should be aiTived at for a defined limi-

tation of such withdrawals.
2. It should also be borne in mind that the granting of new power

franchises in the Park or the enlargement of the existing licenses, as

now asked for by the Electrical Development Company, will necessitate

the construction of buildings on the shore of the river, which construc-

tions may cause an undue defacement of the Park and water views,

which if possible should be avoided.

Subject to the foregoing general principles being settled the Com-
missioners are favourable to granting the Electrical Development Com-
pany of Ontario the concession asked for, for the following reasons:—

A. In the construction of the Coffer dams and permanent works
covered by the existing franchise of the Development Company it has
been disclosed that owing to the great depth of water discovered as the

work proceeded, the Intake approved of, without any additional per-

manent extensions, is capable of furnishing the necessary supply of

water for developing an additional 100,000 horse power.
B. When the first franchise was granted it was accepted by the

Development Company subject to the site and permanent works of the

Ontario Power Company as exhibited in plans, it being understood that

the flow over the weirs of the latter Company was to inure to the benefit

of the former Company thereby precluding the location of any power
plant between these two companies even if the space for another power
company permitted.

In settling the terms upon which such additional concestiions

should be granted it should be borne in mind that although it is claim-

ed that the present Intake will not require to be enlarged., upwards of

500 feet of the river front will be taken up in the extension of the wheel-

pit and power house in the development of the additional power. It is

therefore but reasonable that the concession asked for, and which may
not be developed or become revenue producing for many years, should be
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looked upon as an entirely new franchise for which the usual |15,000

annual ground rent should be paid in addition to the charge per horse

power provided for in all the franchises, viz. :—fl, 75 and 50 cents re-

spectively for all electrical power manufactured and sold.

Although the Commissioners are convinced that the withdrawal of

additional water from the river will not seriously reduce the levels at

the Intakes of the Canadian Niagara Power Company and- the Electric

Eailway, still it would be safer not to grant the additional concession un-

til the temporary- constructions in the way of Coffer dams, both of the

Ontario Power Company and the Electrical Development Company are

removed and the normal flow of water in the river restored. Inasmuch
however, as any new agreement that may be e tered into with the De-

velopment Company will require to be stubmitted for the approval of

the Legislature before it becomes operative, the companies that would
likely be affected by the granting of the concession asked for, would no

doubt have to be heard.

Xovember 11th, 1904."

With reference to the last clause of the Chairman's memorandum and to

the objection which might be raised to taking the surplus water referred to

from the river for fear that its withdrawal would reduce the levels at the In-

takes of the Companies operating lower down the stream : The Commissioners
desire to point o\it that this subject was thoroughly investigated two years ago
when the original franchise was granted to the Electrical Development Com-
pany. Eminent hydraulic engineering opinion obtained at that time estab-

li^fhed the fact that the withdrawal of the quantity of water re<iuired for the

output authorized by the asrreement of January, 1903, would change the levels

at the Intakes of the Canadian Niagara Power Company and the International

Eailway Company so little that the lowering would hardly be appreciable. In
order, however, to provide against any material reduction in levels, and not-

withstanding that provision is made in such an event to deepen the Intake af-

fected, the Commissioners granted the franchise to the Electrical Development
Company upon the company depositing with the Commissioners $25,000 to be
held by them for the purpose of constructing Wing dams at these Intakes, if

it was found that the water withdrawals of the Development Company when
in operation materially affect the water levels. This fund is now on deposit
to the credit of the Commissioners, and is available for use at any time should
the Commissioners find that Wing dams are called for, a contingency which
according to the advise of the eminent hydraulic Engineers is not likely to

arise, and certainly not for many years to come.
After protracted negotiations, the Commissioners received authority from

the Government to enter into an Agreement provided that at least one-half of
the additional power thus generated was to be reserved for the use of munici-
palities, subject to the terms of delivery and price of the power being deter-

mined by order of the Lieutenant-Governor-in-Council. The work of devel-
opment to commence within ten years from the first output of power under
the company's first agreement. The text of the agreement will be found in

the .Appendix, the terms of which are briefly as follows :
—

A. A yearly rental of |5,000 is to be paid for option imtil such time as
the Company generates one-half of the output authorized by first agreement,
and thereafter |10,000 per annum until power under this agreement is devel-
oped.

B. The surplus water in question may be utilized for the generating of
power up to but not exceeding 125,000 horse power.
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C. One-half of the quantity which may be generated under this agree-

ment is speciiicall}' reserved for the use of municipalities in Ontario, at rates

to be fixed by the Lieutenant-Governor-in-Council.

1). The rentals to be paid and the conditions imposed are in all respects

similar to the stipulations contained in the agreement of January, 1903, under
which the company are now constructing works in the Park.

E. The new agreement is to be subject to the ratification and approval of

the Legislative Assembly.

Fort Erie Park.

The report of last year made reference to the request of the Commission-
ers that a sum of money be granted by the Parliament of Canada, for the erec-

tion of a suitable Memorial in the Park at Fort Erie to commemorate the heroic

siege of that fortress in the "War of 1812-14. The application having been
granted the Commissioners determined that the Monument should consist of

an ornamental shaft of Canadian Granite, with a full inscription of the Regi-
ments engaged and of the Officers who fell in the memorable struggle. The
Honourable the Minister of Militia and Defence approved of the plans and es-

timates submitted by the Commissioners, when a site was chosen on the ram-
plarts, and contracts entered into for the work. With the exception of the

two large inscription Tablets in bronze the Monument has been completed,

and when these are furnished the Commissioners hope to have the Monument
unveiled by the Honourable the Minister of Militia and Defence, with appro-

priate ceremonies.

NlAGAE.\ ElVER P.\RKAV.\T.

A good beginning has been made in the widening of the roadway and in

protecting the shore line along the bank of the Niagara River between Chip-
pawa and Fort Erie. The Commissioners have kept well in view the desira-

bility of making a Parkway along this beautiful reach of the river, and restor-

ing the sixty-six feet which in many places has been cut into and the clay

soil much eroded by the river, particularly during storms. At several places

where the erosion has been greatest, width sufficient for a proper boulevard has

been purchased from the adjoining proprietors and at points where the
aggressive action of the river was most severe stone protection has been placed
in such a position as to form a barrier to the destructive wave action. It is

most important that this work should be continued until the whole of the river

front from the Park to the old Fort grounds at Fort Erie has been thoroughly
protected from the action of the river, and a well built boulevard properly or-

namented with shade trees constructed and maintained over the whole dis-

tance.

At present the Reserve lands placed under the Commisisoners terminates
at the "Welland River, Chippawa, from which point to the Park, a distance of

a little over a mile, the frontage along the Niagara River is in private hands.
It is very desirable that the Commissioners should receive authority to nego-
tiate with the owners of the lands along this short reach of the river so that
there might be a continuous road on Government property, from Fort Erie to

the Park, and that the Government should vest in the Commissioners the fore-

shore and water lots lying between the Park and the mouth of the Welland
River in order that protection may be afforded to the important Electrical

Power Works holding franchises from the Commissioners within the Park.

Widening Approach to Park.

The original roadway of one chain in width along the edge of the cliff

between the Clifton Steel Arch Bridge and the Park grounds had owing to the

2 N.F.p.
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encroachment of the old Clifton House buildings and probably the falling of

rock from the overhanging wall of the river gorge, made this the principal en-

trance to the Park very narrow and congested, so that during the summer sea-

son the space reserved for the driveway has been wholly inadequate. When
the Clifton House was destroyed by fire some years ago the Commissioners,
with the sanction of the Government, commenced negotiations for the acquire-

ment of a strip of land for the purpose of widening the approach to the Park.
It was not, however, until the property was acquired by the Clifton Hotel
Company that arrangements were completed under which all the land lying
east of the present front line of the LaFayette Hotel produced southerly to

Ferry Street is to be deeded to the Commissioners. The acquisition of this

strip of land will afford a means of remedying the congestion in travel at this

point and at the same time will enable the construction of an appropriate en-

trance to the Park. In addition to the widening of the road the Clifton Ho-
tel Company have consented to keep the easterly line of their building, which
is now under construction, back from the street line, and to bevel the
angle near Ferry Street thus affording not only an enlarged open space
but greatly improving the line of vision to the Park. "When the biiilding is

sufficiently advanced to make the exact location clear it is proposed to remove
the Mowat Gate and make the principal entrance to the Park more in line with
the approach from the Bridge, and also to erect an entrance which will be wor-
thy of the Park and of the Province.

New Shelter Building and Eefectoey.

In their last report the Commissioners referred at lengtii to the removal
of the old Museum Building which had for several years been used in part as

a Eestaurant and in part as a shelter for picnic parties in stormy weather, and
to the building of a suitable structure for this combined use on a location

which would not obstruct the views of the Falls from the picnic and play
grounds. The new building was sufficiently far advanced by mid-summer to

permit of occupation, and the structural character of the building, the mag-
nificent outlook from its broad verandah and towers and the many conven-
iences which have been provided for all classes of visitors, have met with very
general approval. The grounds about the new building have also been taste-

fully laid out with shrubbery, with suitable walks for access to the biulding
from all directions.

General Maintenance.

The ordinary works for the maintenance and care of the Park property
have been carried on throughout the season, and not only the original Reser-
vation at Niagara Falls but also the Queenston Heights Park and the Niagara
Glen, have been maintained, improved, and additional facilities for the en-
joyment of visitors provided. A full reference to these works will be found
in the report of the Superintendent of the Park, appended hereto.

The statements of the receipts and expenditures for the year will be found
attached hereto.

All of which is respectfully submitted.

J. W. Langmuie.
Chairman.

George H. Wilkes.
Jas. Bampfield.
A. W. Campbell.
Robert Jaffrat.

2a N p.p.
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RECEIPTS. 1904.

Balance on hand in Imperial Bank, January 1st, 1904 $ 23,908 48
Ontario Power Company— Rental .' 830,000 00
Canadian Niajrara Power Company—Rental 15,000 00
International Railway Company " 10,000 00
Zybach& Brundage-Rental. ." 6,750 00
Tolls and Sundries 3,733 00
Wharf privileges 411 00
Bank Interest on Balances 256 76

66,150 76

OVEKDRAFT AT IMPERIAL BaNK, DECEMBER 31sT, 1904 22,460 50

?1 12,519 74

Note. —A special deposit of $25,000.00 stands at the credit of the Commissioners
in the Imperial Bank, to meet cost of Wing Dams at Intake of Canadian Niagara
Power Company, and at joint Intake of International Railway Company and
City of Niagara Falls.

EXPENDITURES. 1904.

CAP1T.\L ACCOUNT.

Paid Wages, permanent works $ 3,290 00
" Material " " 4,304 25
" account, new Monument at Fort Erie (total cost to be reimbursed

by Dominion Government) 2,465 10
" acquiring lands and protecting shore, Chippawa to Fort Erie 4,507 62
" account, legal services 17 39
" Refectory Building 47,919 65
" Miscellaneous. . ; 120 00

MAINTENANCE ACCOUNT.

$ 62,624 01

Paid Salaries, office and clerical staff § 3,615 11
" " constables and gardener 5,560 00
" Wages, laborers and teams 11,225 88
" for materials 3,700 81
" Office expenses 236 40
'

' Commissioners' expenses 659 01
'

' Miscellaneous 400 97
25,398 18

Paid Interest on Bonds, inchding Bank Charges 24 497 55

$112,519 74

APPENDIX "A."

Report of the Supeeintexdext of the P.4rk.

To the Commif<sioners of the Queen Victoria Niagara Falls Park:

Gextlemex,—The past season has been in several respects an abnorjnal

one in the history of the Park—the temperature at the beginning of the year
ranged many degrees below the normal, and the snow fall was considerably

more than the average. These climatic conditions were not favorable for

work of any kind being carried on in the open, and were particularly trying
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to the less hardy varieties of plant life which have been introduced in the

Park. It was not surprising, therefore, that upon the epeniug up of Spring

some of the choice shrubs and herbaceous plants were found to have been in-

jured; on the other hand, however, it was discovered that several varieties of

Magnolia and other delicate trees and shrubs of southern habitat, not to be

found elsewhere in Ontario, and which we fully expected to lose, withstood

the severity of the weather without protection, or with but a slight covering of

leaves about the roots.

The year was also remarkable for the activity displayed by the corpora-

tions engaged in the development of Niagara water power, and to the great

number of workmen employed in prosecuting these several works—no fewer

than twenty-five hundred being engaged steadily throughout the summer and
fall. Notwithstanding this great influx of workmen of many nationalities,

some of them from the most disorderly districts of Europe, we have been able

at all times to maintain good order in the Park, and only on a very few occa-

sions has it been necessary to arrest evildoers, in all such cases, however, jus-

tice was promptly administered by the Courts and the unruly element speed-

ily learned to respect our Canadian laws.

Never before since the establishment of the Park at Niagara Falls has

there been so many large excursions to this side of the river. It would ap-

pear that greater facilities are afforded in the Queen Victoria Niagara Falls

Park than anywhere else for the comfort and convenience of all classes of pic-

nic parties, and the consequence is that every year adds to the number of Sun-
day School and other excursions billed to visit the Park, and to the strength

of the various contingents. It is again a pleasure to be able to chronicle that

notwithstanding the great crowding of the ground at such times no accident
occurred nor did anything worse happen to mar the pleasure of the visitors

than a sudden and heavy thunderstorm on one occasion.

Before detailing the various works accomplished in, the improvement and
maintenance of the Park during the year a reference may be permitted to the
various works each of vast importance now under construction by the three

Companies having franchises to utilize the waters of the Niagara River with-
in the Park limits. In chronological order the first of these is :-

The C.iN.'lDI.A.N NlAG.\E.\ POAVER CoMPANT.

This company had made such progress with its undertaking at the be-

ginning- of the year that the highway and Electric Railway brid<;;'e, spanning
the Intake, had been constructed, the walls of the Forebay had been partially

built and the lining of the Wheelpit and Discharge Tunnel were being car-

ried on. In 1904 these works were prosecuted vigorously and by the end of

the year the Intake Piers and Rack, the Forebay Walls, the walls of the Ice

Run, with its bridge and outlet into the river had all been finished; the ex-

cavation of the large area occupied by the Forebay was carried down to the

required level, and the outer and inner masoniy walls of the Screen House
had been completed for the full ultimate capacity of the plant; and a consid-

erable portion of the Coffer Dam, by means of which all these works were made
possible, had been taken away and the waters of the river finally admitted to

the wide channel or forebay from which the supply will be drawn to operate

the works. '

The northerly one-half of the Wheelpit, which was receiving its brick lin-

ing at the beginning of the year, was early completed and the installation of

the massive machinery required to operate the works was immediately put in

hand, and such progress has been made that the complete outfit for two of the
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great electrical machines, each of 10,000 horse power capacity have been made
ready, and a portion of the material is on the ground for an additional three

units, making 50,000 horse power in all. The southerly one-half of the

Wheelpit is now being- excavated, but it will require another year to complete
this work ready for the hydraulic and electric uuuhinery.

The great Tunnel by which the water discharged from the turbines is de-

livered to the river below the Falls, has been entirely finished and the shaft

walled up and closed.

Much of the work needed to level up the grounds disturbed by the Com-
pany has been done, and protection of the new filling, where in contact with
the current of the river, is well in hand.

The northerly one-half of the Power House, which has a capacity for five

generator units has been built. It is an imposing structure faced with rock

faced Queenston limestone and lined with ornamental brickwork. The main
roof is f)f green glazed tiles resting upon steel work. The eastern or main
front of the building has been extended out so as to cover over the screen

chamber or Inner Forebay. The walls of extension of the Power House have
not been carried as high as the nuiin luiilding and the roof is flat with a low
stone ballustrade along the water side. This will provide a very extensive

and convenient promenade to which it is proposed to admit visitors who may
desire to see the Power House in operation.

The electrical generators are note-worthy as being the largest electrical

machines which have so far been constructed, each having an output of 10,-

000 electrical horse power without overloading. They are 11,000 volt ma-
chines of the internal revolving field type with vertical shafts driven by the

turbines at the bottom of the Wheelpit chamber. The elaborate regulating
and controlling devices for the electric generators are all contained in a raised

switch board, which stands in the centre of the building, and upon the deck
of which the measuring instruments are placed. The building is constructed
wholly of fire proof materials and its design and character are both eminently
suited to the circumstances of use and location.

In accordance with the terms of the agreement under which the company
ODcrates, :'ll the electric power generated, must be taken without the Park, to

this end a 32-duct conduit with manholes every three or four hundred feet was
constructed from the power house to the Upper Steel Arch bridge, and also to

the Transformer Station, which is located a short distance south of the Park
limits. As this conduit will carry high voltage current it was essential that
the ducts be laid in concrete, and the whole of the line including the man-
holes thoroughly drained. Owing to the excavation having to be made
chiefly in rock, with take off drains to the edge of the cliff from each manhole,
the work proved to be a very tedious one, which occupied the greater part of
the year. The northern portion, through the front of the Park, was com-
pleted in time to restore the surface before the excursion travel began con-
sequently the execution of the work did not materially interfere with the
comfort of visitors. Several of the heavy armored copper conductors have
already been connected up ready for business.

Ontario Power Company.

The works of this Company may for convenience be divided into three

parts, viz. : (a). The Forebay works at the Dufferin Islands, (b). The
Power House on the bank of the Piver below the Falls, (c). The Pipe Line
conveying the water through the Park to the Power House.
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All of these works are on a scale of great magnitude and may be briefly
described. The Intake, which has not yet been constructed will consist of a
continuous upright Curtain Wall of armored concrete, twelve feet high, the
bottom of which will be about six feet above the bed of the river and seven
feet below normal water level. This will be supported by narrow concrete
piers a^ichored to the bed rock. This Intake will be placed at an obtuse an-
gle with the stream, and reach from the shore to the nose of the water wall,
some six hundred feet, the object being to divert any floating ice or logs from
entering the Forebay, and also by means of Gates to close off the water alto-

gether should occasion require. From the outer end of the Intake the Water
Wall, a monolith concrete construction of massive proportions extends direct-

ly down stream for 600 feet when it curves in to join the Screen House. The
object of the wall being to form a "Forebay" or still water pond of ample di-

mensions for the supply of water for the full capacity for which the works are
designed, and in addition sufiicient to carry oft' any ice which may enter or
form within the pond, and also to raise the level of the water to the elevation
of the Eiver at the point of Intake. This water wall will not be visible as

there will be from one to two feet of water flowing over its crest at all times.

At the lower end of the Forebay and at a right angle with the course of the
river stands the Screen House where the water will pass through a fine steel

rack to remove foreign matter.

The Screen House will contain the machinery to raise and lower the racks,

and will be an imposing structure finished in Roman Stone. As this building
will cut off some of the views of the river from the Dufferin Islands it hai been
designed to afford a broad and safe promenade for its entire length. Hand-
some stone stairways leading up from the finished Park level at either end.
Passing the screen house the water will enter the curved inner forebay,
where the channel is rapidly contracted in width and deepened until at the
mouth of the pipes in the Gate House it attains a total dppth of about 30 feet.

This curved Inner Forebay has very substantial land walls of concrete sur-

mounted by an ornamental stone and iron railing, similar to the railing along
the edge of the cliff' overlooking the Company's Power Hoiise.

The Gate House will be a Roman vStone structure of handsome design, in

which will be placed the mechanism required for raising and lowering the
massive gates by which the admission of water to the Pipe Lines may be regu-
lated. This building will rest upon the "Head Block" which is an immense
mass of concrete designed to resist the pressure of the high head of water at

this point and provide suitable mouth pieces for the eighteen feet diameter
pipes which carry the water to the Power House.

In the execution of all this work great quantities of materials had to be
brought on the ground, and excavations extending over about ten acres of the
river bed were needed. Advantage has been taken of the surplus material
from the excavation to enlarge the Dufferin Islands and to form a driveway
around the great sweep of the southern channel of the river at this point.

All of the works pertaining to the Forebay with the exception of the In-
take, the super-structures of the Gate and Screen Houses and the surfacing
of the made ground have practically been completed, and but little remains to

be done in the spring in order that the water may be admitted to the Forebay.
Power House. With the opening of spring work was begun upon the

foundations of the Power House building, a site for which was selected below
the cliff a short distance north of Table Rock. The Ontario Power Company
will work under a higher head than either of the other electrical development
companies, and the machinery will all have a lower velocity. As the water
wheels are designed for 11,400 horse power capacity each, and the generators
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10,000 electric horse power, connected up on a horizontal shaft and revolving
187 times a minute it will be apparent that all the machinery must be escep-
tiouallj' massive, and as the building is located upon the talus slope of the
river bank it was absolutely necessary to have the foundation of the most sub-
stantial character. This has been accomplished by excavating far down into

the sloping bank and constructing what is practically a monolith of concrete
over the whole area of the building, the water supply and waste and all neces-

sary contrivances required below the floor level being embedded in the mass.
As the season progressed it was found that owing to the many difficulties

encountered it would be impossible to have the whole work carried on simulta-

neouslj-, so it was determined to push the construction of a portion of the
building in the hope of getting the roof on before winter set in. The weather
proving favourable this was accomplished and the preparation of the founda-
tions from five units of the heavy machinery, much of which is now upon the
ground, is making rapid progress. The work Ijeiug carried on under cover,

in a building heated bj- natural gas and lighted by electricity.

The walls of the building are of concrete, the Inner wall, towards the cliff,

being very massive, and designed to withstand any pressure which may be
caused by stones falling from the face of the clift'. The front wall is also of

heavj- construction in order to resist the possibility of pressure from ice gorg-

ing in the river and raising the water abnormally. The floor of the building

will be 25 feet above ordinary summer level of the river, and the roof Gy feet.

The roof is flat, of armoured concrete upon heavv steel trusses and finished

in bricks laid in asphalt. The color effects of the building are to be subject

to the approval of the Park Superintendent, the intention being to have the

walls conform as much as possible to the cliffs immediately behind.

These buildings have all been designed by Messrs. Green and Wicks, ar-

chitects, a modified style of classical architecture havin"- been adopted.

In order to bring the heavy machinery to the Power House, a track was
laid upon the Maid of the Mist Hill and along the roadway leading there-

from to the Power House site.

Pipe Line. Between the Intake from the River and the Power House
the supplj' of water to operate the works is to be conveyed in three mammoth
steel tubes laid beneath the surface of the ground each of these to be eighteen

feet in internal diameter and over six thousand feet in length. The con-

struction of the first pipe proved to be a difficult and laborious work owing to

the depth of the excavation necessary and the character of the material cut

through varying from quick sand to solid rock. After the steel pipe was in

place and partially covered it was decided to further insure its permanende
and stability by enclosing it in concrete. This has been completed and the

filling in about the pipe has only been hindered by the severe weather.

At the terminus of the Pipe north of Table Rock three large shafts were
sunk down in the rock to below the level of the Power House floor and tunnels

driven to these shafts from the face of the cliff. Eajch of these shafts and
tunnels will contain two steel penstocks nine feet in diameter,being the supply

for each unit of power in the Power Hotise, and each penstocik will have a

valve set in an excavation in the rock immediately beneath the junction of the

penstock with the eighteen feet diameter feeder pipe. These penstock tun-

nels and shafts will be protected by concrete about the pipes.

In addition to the extensive works needed for the penstocks, an inclined

tunnel has been excavated for the conduit in which the electric cables will

carry the current generated in the Power House to the Transformer House,

which is constructed on the high bluff bordering the Park on the west, and
just outside the Park limits. This Transformer House is a very imposing
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building uud being on an elevation of nearly one hundred and twenty feet

above the surface of the Park roadways, it makes a very prominent feature of

the landscape. Under an arrangement with the Commissioners the perma-
nent setting out of the grounds about this building is to be made to conform
to the general park design, an eminent Landscape Architect having been en-
gaged lor this purpose.

Electrical Development Company.

The building of the Coher Dam around the area to be included in the
Forebay of this company, which was well advanced at the beginuiug of the
year, was completed early in the spring and the bed of the river was thereby
uuwatered suthcieutly to allow of the permanent works being taken in hand.
The outstanding features of these various permanent works as they have been
designed by the Engineers of the Company are :—(a). AWater Wall to en-
close the area required for the Forebay and maintain the water levels at the
desired elevation, (b). A water tight land wall on the inner side of the
Forebay. (c). The deepening of the enclosed area so as to impound a suffi-

cient quantity of water to operate the works and provide for overflow require-

ments without unduly increasing the velocity, (d) Two lines of Masonry
Sheer Ice Booms with submerged arched openings for the admission of water
to the PowerHouse. (e). A Wheelpit for the hydraulic mechanism re-

quired to operate the electrical generators, (f). A Power House in which all

the machinery for creating and controlling the electrical output of the works
may be placed, (g). Means for carrying away the waste water from the

water wheels to the lower river.

The first of these important works undertaken was the sinking of the

Wheelpit. This is similar in its general features to the wh^-elpit of the Ca-
nadian Niagara Power Company, to which reference has been made in former
reports, viz. :—A deep open excavation in the rock formation, which after be-

ing lined with massive brick walls and made water tight will contain the pen-

stocks, water wheels, draft tubes and all machinery required to transmit the

power created by the water wheels up to the electric generators on the floor of

the Power House immediately above. The excavation of this Wheelpit was
completed in record time, and by the end of the year considerable progress had
also been nuule in driving the draft tube-tunnels and subsidiary discharge

tunnels as well, and in preparing the bottom of the pit to receive the brick lin-

ing. The size of the wheelpit proper is 416 feet long, 27 feet wide, by 150

feet in depth.

The Water Wall or gathering overfall dam is of concrete with a coping of

granite, in cross section the wall is verticle on the inside and S shaped on the

river side, the thickness is abnormally heavy and the bottom is set in a check

cut out of the rock bed of the stream. No portion of thig wall will be visible

when the works are in operation, as a heavy stream of water will constantly

flow over the crest from the Forebay back into the river. The lower fifty feet

of the length of the wall will act as a sluiceway to carry away ice and foreign

matter. All this work has been completed.

The building of the Land Wall and the deepening of the Forebay to its

finished level are well advanced towards completion, and a considerable part

of the Outer Sheer Ice Boom is built.

The Main DisniARGE TrxxKL. which will carry the spent water from the

water wheels to the lower river, extends from the upper works to the face of the

Horse Shoe Falls seven hundred feet out from the shore, the whole of this work
is under the bed of the river, but deep down in the rock formation, it is said
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to be the largest tunnel in the world, being 26 feet high and 23 feet wide in-

side of the brick lining. The length of the Main Tunnel is 1,900 feet and the
branch side tunnels, which run on either side of the Wheelpit and unite to

form the Main Discharge, are together 1,260 feet long. Kecord time has
been made upon this work also. The heading of the Main Tunnel having
been driven throughout and timbered and about one-half of the benching out
to the full height has been completed and made ready for the concrete and
brick lining. •

Refectory .\xd Shelter Building.

The unusually severe winter of 1903-4 delayed the construction of the
new Refectory building very much and it wa.s well on into June before any
portion of the building was ready for occupation, and nearly the end of the
season when the contractor was ready to hand over the premises in a dom-
pleted condition. Part of the delay was occasioned by the difficulty in ob-

taining boulder stone, of which the walls and piers are built in sufficient quan-
tity and (if the assorted sizes desired by the Architects. All the appointments
of the building have been very much admired by visitors. The spacious ve-

randahs, the General and Ladies Waiting Rooms and the Lavatory conven-
iences being principally commended, while the shelter space available in case

of storm and the Refectory facilities are greatly in advance of the conditions

hitherto obtaining.

The exterior of the building has a broken and picturesque appearance and
a perspective which harmonizes well with the setting when viewed from any
direction, while the colors selected for the woodwork, and the artistic pointing
of the masonry all combine to produce an eft'ect at once dignified and harmo-
nious. The chief characteristic of this Refectory and Shelter, however, must
ever be the magnificent outlook which mav be had from any part of the build-
ing, particularly from the broad verandahs which are such a feature of the
structure, or from the prospect galleries in the tower, the views from which
are at all times unique and charming, combining the wildest prospect of the
river and Falls, the Park and the Reservation on the American side, the deep
gorge and the wooded hillside. Many fine views may be had with more or
less fullness from other vantage points within the Park, but from no other
place can an equal combination of the beauties of Niagara Falls be enjoyed.

The permanent improvement of the grounds in front of and adjacent to

the Refectory was early taken in hand, and under the skilful direction of

Mr. Cameron, the Chief Gardener, speedily assumed a finished character,
which ere the end of the season was generally commended by landscape Archi-
tects as being both artistic and in harmony with the best traditions of the pro-

fession. Broad approaches were made to the building from every direction,

and all trees not actually required for shade or effe<?t were removed.
The circular pond which was a marked feature of the Museum garden in

the old days was cleaned out and made water tight and the chief parts of the
famous fountain, erected in the lower end of the Park half a century ago by
Mr. Zimmerman, but which with the lapse of years had fallen into disrepair,

was put into shape and set up in the center.

General MAiNTEXAxrE.

The work of maintaining the portion of the Park not disturbed by the
works of the Power Companies was diligently attended to throughout the

year, and where distiirbance was made by the construction of the Canadian Ni-
agara Power Company's conduit every efPort was made to restore the deface-
ment with the least possible delay.
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Owing to the removal of the pavilion in which hot water for picnic par-
ties was provided it became necessarj' to fit up temporary quarters pending the
completion of the Eefectory and the erection of permanent quarters nearer the
center of the grounds. This was done and abundance of both hot and cold
water was avilable for public use. It will be necessary to make provision be-
fore the coming season for a suitable and convenient building for the water
heating apparatus, and as the dancing and shelter pavilion which has been in
use for many years requires rebuilding, it is proposed to locate the hot water
supply in the basement of that structure and extending the shelter accommo-
dation so as to provide more space in case of a storm arising when a large pic-
nic excursion is in the Park.

The erection of the Eefectory building on its new site necessitated the re-
arranging of the drainage system to carry off the spring water in that locality

;

this was done, and some additional drains were put in at wet spots in the Park.
A new path was constructed leading from the main driveway near the Su-

perintendent's Office to the north west angle of the Park in order to facilitate

access to the grounds from the Ferry Hill.

Owing to the obstruction which the heavy cartage of materials caused to
the carriage travel upon the park roadways it was found desirable to widen out
the driveway so as to permit of three teams passing with ease at any point.

This was effected by taking one of the side paths bordering the driveway, re-

surfacing the full width with macadam and making up the side slopes where
necessary and resodding them.

Outlying Teeeitort.

The Park at Queenston Heights was maintained throughout the season in

good order and condition, an additional area of the wooded spaces about the
old earthworks was cleared up and made accessible, a new rustic arbor was
erected overlooking the site of the Battery famous in the war of 1812, and the
picnic grounds were levelled up and enlarged. This interesting spot proved
to be very attractive to many excursionists, and a constant stream of passing
visitors was attracted from the Electric Eailway.

At Fort Erie, a Caretaker was appointed and the grounds were cleaned up
and cared for throughout the season.

The erection of a Monument on the grounds to commemorate the gallant

seige of the Fort in the War of 1812-14, and which was referred to in last years

report, was undertaken. The Commisisoners having decided that a granite

shaft with full inscription in bronze woxild be more lasting and better worthy
of the historic character of the place, estimates were called for, and the ap-

proval of the Government having been obtained to the increased expenditure
the contract was let and the work carried oiit, with the exception of the two
bronze Tablets, which have not yet been supplied. The Moniiment is of Ca-

nadian Grey Granite, circular in outline, about thirty feet in height. It is

eight feet in diameter at the surface of the ground and tapers up to four feet

at the bottom of the shaft. The base is in three courses, rock faced with a

chiseled draft at the joints, and a bevelled plinth also chiseled. Above the

base the courses are of single stones, rock faced, and without marginal drafts,

the lower three courses having recesses on two sides for the bronze Tablets, the

one in front towards the river, bearing the inscription :
—

"In memory of the Officers and Seamen of the Eoyal Navy and the Of-

"ficers, non-commissioned Officers and privates of the Eoyal Artillery, Eoyal
"Engineers, Eoyal Marines, 19th Lisrht Dragoons, 1st Eoyal Scots, 6th. 8th

"(Kings), 41st, '82nd, 89th, 104th and De Watteville's Eegiments, the Glen-
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"garry Light lufautry and the Incorporated Militia, who fell during the
'seige of Fort Erie in August and September 1814." and the one in rear the
list of Officers who fell, as follows :

—
"Officers killed during seige of Fort Erie."

"Colonel Hercules Scott, 103rd Eegt., Lieut. -Col. William Drummond,
"104th Regt., Lieut. -Col. John Gordon, Itoyal Scots, Captain E. D. I'atteson,

"6th Regt., Capt. Torrens, 8th Regt., Capt. J. M. Wright, 82nd Regt., Capt.
"Edward Walker, Incorporated Militia, Lieut. Copies Radcliffe, R.N., Lieut.
"Noel, Royal Scots, Lieut. J. "Rutledge, Royal Scots, Lieut. Barstow, 8th.

"Regt., Lieut. Pellichody, De Watteville's Regt., Ensign C. Langford, 82nd
"Regt."

Immediately above the Tablets there is a dressed Label Course on which
is inscribed in raised letters five inches deep, cut in the granite:

—

"DULCE
ET DECORUM EST PRO PATRIA MORI." The upper portion of the
Shaft is rock faced without marginal drafts, the whole being surmounted with
a massive dressed and carved capital and finished with a granite ball having
the Greek cross in relief on two sides.

This Monument forms a striking feature of the landscape, and although
the design is simple and lacking in sculptured ornament, yet the material is

lasting and the work will ever remain a memorial to future generations of the
heroic deeds performed by the brave men who defended our country against
invasion in 1812-14.

The planting of the grounds with suitable trees and shrubs will be under-
taken in the spring.

Niagara River Boulevard.

The very severe winter of 1903-4 caused great quantities of ice to be
formed in Lake Erie and along the shore of the river, and on the opening up
of spring this was brought down the river in large floes which coupled with
high water and prevailing easterly winds scored deeply into the clay banks
forming the western shore at all points where the course of the current per-

mitted. The erosion thus caused was so great that the roadway along the

shore was in places in danger of being entirely cut away and its continuity

destroyed, the protection of the bank therefore became an urgent matter and
steps had perforce to be taken to secure a form of protection which would be

effective and of moderate cost. Contracts were therefore entered into for the

supply of a quantity of stone riprap sufficient to form a barrier to the wave
action or floating ice, to be placed at the points where erosion was found to be

greatest, and by the end of the season nearly one-half of the worst spots had
been secured. This work will have to be continued until all danger from this

source is overcome.
As this wasting of the -^liore has been going on for many years, the road-

way requires widening for the greater part of its length, and as a boulevard

is proposed to be lormed alonj.- 'he whole distance from the Park to Fort Erie,

the width to be acquired must be ample not only for the driveway and paths,

but for the finishing of the slope of the bank as well—and in addition space

for an Electric Railway should be allowed for. As it was necessary in order

to make the existing travelled way along the shore safe at the dangerously

eroded points above referred to, strips of land have been purchased from the

adjoining proprietors where absolutely required, and the pieces acquired this

past year have been of a width suffi,cient for all the purposes mentioned. At

the present time over one-fifth of the total length required to be widened has

been obtained and the fences put back to the new line.
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Miscellaneous Works.

Owing to the space whicli had been cultivated as a Park IVursery having
been occupied by the works of one of the Power Companies, it was necessary

to secure lands for this purpose elsewhere, and a few acres were leased in

Stamford Township where the Nursery Stock which was procured in antici-

pation of the restoration of the Park surface, was set out and keep cultivated,

ready for planting in the spring should the grounds be ready. It is much
more economical and in every way better to purchase only young stock of

trees and shrubs and keep in nursery rows where the necessary transplanting
and care may be given before the plants are ready to set out ; a comparatively
large order was therefore given in the early spring, and a very choice collec-

tion of plants which could not be obtained in Ontario was secured. These
with what trees and shrubs required which are indigenous to the country, and
which can be obtained readily from the local Nurseries, will enable us to make
a good showing in 1905, should the grounds be ready in time for spring plant-
ing. (Otherwise the stock will all be in better shape for the following year.

All of which is respectfully submitted.

James Wilson.
Superintendent.

APPENDIX "B".

This Agbeement made the Ninth day of January A. D., 1905, between
THE COMMISSIONERS OF THE QUEEN VICTORIA NIAGARA
FALLS PARK, acting herein on their own behalf and with the approval of

the Government of the Province of Ontario hereinafter called the "Commis-
sioners" Of the First Part, AND THE ELECTRICAL DEVELOPMENT
COMPANY OF ONTARIO, LIMITED, hereinafter called the "Company",
of the Second Part.

Whereas, for convenience and to prevent ambiguity it is agreed and un-
derstood by and between the said parties hereto and is hereby declared as fol-

lows, that is to say :

(a). The expression the "The Park" wherever it occurs herein shall be
understood to mean the Park proper, namely the Queen Victoria Niagara
Falls Park, south of its original boundary in front of the property formerly
known as the Clifton House and running easterly to the Niagara River.

(h). The expression "The Commissioners" wherever it occurs herein,

shall be understood to mean not only the Commissioners of the Queen Victoria
Niagara Falls Park—as representing the Government of the Province of On-
tario in the premises— named as parties hereto of the First Part, biit also their

successors and assigns and those who for the time being may be Commission-
ers of the Queen Victoria Niagara Falls Park or other representatives of the

Government in Ontario.

(c). The expression the "Company" wherever it occurs herein shall be

understood to mean The Electrical Development Company of Ontario, Lim-
ited, its successors and assigns, duly incorporated by letters patent dated 18th

February, 1903. issued under the Great Seal of the Province of Ontario in ac-

cordance with the Ontario Companies A<^t.

{d). The expression "The First Agreement" wherever it occurs herein

shall be iinderstood to mean the agreement bearing date the 29th day of Jan-

uary A. D. 1903 and made between the said Commissioners of the First Part
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and William Mackenzie of the City of Toronto, Capitalist, Henry Mill Pellatt
of the same place, Capitalist, and Frederick Nicholls of the same place, Capit-
alist therein called "The Syndicate" of the Second Part, whereby the said
Commisisoners did grant unto "The Syndicate" a license irrevocable to take
from the waters of the Niagara River within the Park a sufficient quantity of
water to develop 12o,000 electrical or pneumatic or other horse power for com-
mercial use and did also grant to The Syndicate the right to construct, build
and do and perform and operate the specific works therein designated and lo-

cated in pink lines upon the map or plan marked "N" annexed to the said
Agreement upon the terms and subject to the conditions in the said agreement
specified.

And Whereas the First Agreement was duly approved by the Lieuten-
ant-Governor-in-Council by Order-in-Council dated the 30th day of January
A. D., 1903;

And Whereas it was expressly provided in and by the First Agreement
that the Syndicate should within two years from the date thereof sell, assign,

convey and transfer to a Company or Corporation formed under proper au-
thority having power to construct and operate the said works all the rights and
franchises by the First Agreement given and conferred to and upon the Syn-
dicate and in accordance with such provision and pursuant thereto the said
Syndicate by an Indenture of Assignment bearing date the 21st day of March,
1903, did sell, assign, convey and transfer to the Electrical Development Com-
pany of Ontario, Limited, being the Company hereto of the Sec|ond Part, its

successors and assigns, the said agreement of 29th January, 1903, meaning the
First Agreement together with all the rights and franchises given and con-
ferred thereby and all benefits and advantages' to be derived therefrom.

And Whereas the locations of the several works authorized under the
First Agreement which have been constructed or which are in process of con-
struction are shewn in black lines upon the accompanying map marked "0".

And Whereas, the Company represent that the quantity of water inter-

cepted by the works authorized by their first Agreement is sufficient to enable
power to be developed in excess of the amount already authorized by such first

agreement, which if not secured and made sure of while construction of works
under First Agreement is proceeding, would be to lose the utilization of such
excess of water forever.

And Whereas, the location of the new works which the Company now
desirei to construct are shewn in red lines and figures upon the accompanying
map or plan marked "0" and which may be described as follows:—

(a) To remove the Masonry Eevetment Wall 1, 5, 6, constructed by the
Company.

(b). To build an outer line of Arched Masonry Sheer Ice Booms from
or near the point 1, to or near the point 2, and an inner line from or near the
point 3 to or near the point 4.

(c). To construct a second PSwer House with Pack, Screen, Gate House
Wheelpit, Penstocks and machinery within the area marked 3, 4, 7, 8, the de-
sign and construction of which shall be of the same general character as has
been authorized and approved of by the Commissioners for the Power House
provided for under the terms of the First Agreement.

(d). To terrace the front of the building in a manner to be approved of
by the Commissioners.

(e). To fcarry the electricity generated in the second Power House to
points beyond the Park by means of underground conduits, carried under the
surface of the Park and under the Pipe Lines of the Ontario Power Company
in a manner to be approved of by the Commisisoners.
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(/). To construct a Masonry lined tail race tunnel with branch tunnels
on either side of the wheelpit to carry the discharge water from the wheels of

the second Power House to the River below the Falls.

Now Thekefohe this Agreement Witnesseth as follows, that is to say

:

1. For the purpose of generating electricity and pneumatic power or

other power for commercial use to be transmitted and capable of being trans-

mitted to places beyond the Park, The Commissioners hereby grant to the

Company subject to the consent and approval of the proper authority and save

as hereafter limited, a license irrevocable to take and iise any excess of water
which may be found within the Forebay and works of the Company con-

structed in accordance with the terms of the First Agrement over and above
the amount re(iuired to generate the 125, 000 electrical horse power heretofore

granted for the purpose of developing such additional electrical pneumatic or

other power as the capacity of the Forebay and works may or can supply.

Provided, however, that the Company shall not develop more than 125,000

electrical horse power under this Agreement. Provided also that these pres-

ents are not construed as expressing or implying any covenants by the Com-
missioners in respect of the rights hereby created or for title or quiet posses-

sion.

2. For the purposes aforesaid the Commissioners further grant to the

Company the right to construct and build and do and perform and operate the

works as hereinbefore and again hereinafter described and located in Red
lines and figures upon the map or plan marked "0" hereto annexed and en-

titled "Plan attached to agreement dated Ninth of .January 1905, made by
the Commissioners of the Queen Victoria Niagara Falls Park with the Elec-

trical Development Company of Ontario, Limited, for power privileges within

the Park", and which map or plan is identified by the seals and signatures of

the parties hereto.

3. The several works which the Company are by tl^ese presents granted

the right and authorized to perform, execute and construct are such as are laid

down and described on the said Map or Plan in red lines; and more particu-

larly specified as hereinbefore recited in sections A. B. C. D. E. and F. of

this agreement.
Such grant by this and the two preceding paragraphs for the purpose of

such additional output or for any purpose in this agreement contained, shall

not be used or be capable of being used in derogation or diminution of right

of use of the waters of the Niagara River already granted by the Commis-
sioners to other grantees so that such grantees cannot obtain the necessary

supply of water as in their respective agreements provided.

4. The license by these presents granted and more particiilarly defined

and specified in paragraphs numbered one and two hereof, shall commence on

the date of these presents and shall extend subject to the fulfil-

ment by the Company of all conditions, provisions and stipula-

tions herein contained to and until • the first day of February,

1953, nevertheless it is expressly understood and agreed that the

Company shall not be bound to forthwith exercise its rights hereunder

but may do so at its option at any time within ten years from the date of the

first output of power under the First Agreement, and the Company shall "ive

to the Commissioners six months notice in writing of the time when it will

commence operations hereunder and from and after the time mentioned in

the said notice all the provisions of this agreement shall immediately come m-
to full force and operation, and it is further agreed that in the meantime and

until the time fixed in the said notice the Company shall pay to the Commis-
sioners for such rights of option the sum of |5,000 per annum payable half-
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yearly in advan,ce on the first days of April, and October in each year (and
proportionate payment on the first day of April, 1905, commencing from the
execution of this agreement until such time as the Company shall have de-
veloped and Sold for commercial use one-half of the 125,000 horse power au-
thorized to be developed by the Company under the First Agreement then
from and after such time the Company will pay to the Commissioners the sum
of 110,000 per annum payable half-yearly on the first days of April and Octo-
ber in each year until the time when the Companj- shall develop for sale

power under the terms of this agreement ; whereupon the Company in addition
to the sums payable to the Commissioners under paragraph 14 of the First

Agreement will pay to the Commissioners the sum of 815,000 per annum in

Lalf-yearly payments in advance on the first days of April and October in each
j'eai, and also such sums for each horse power developed hereunder and sold

as provided by paragraph 14 of the First Agreement in respect of the rentals

for '-uch sales of the electrical or other horse power, payable by the Company
to the Commissioners under the First Agreement.

Provided thai in case of the failure by the Company to give the said no-

tice within the .«aid period of ten years, from the date of the first output of

power under their First Agreements, or in case of default in the payment of

any of the said half ,\(arly payments of Two thousand five hundred dollars or

Five tiunisand dollais, or as the rentals may be increased by the generation

of additional power, as the case may be, the Lieutenant-Governor-in-Council
may de<lare this agr- rment, the liberties, licenses, powers and authorities so

granted and of >'>,!tv of them to be forfeited and void and thenceforth after

such declaration the &ame shall cease and determine and be utterly void and
of I'd eflccl >• Na'tver.

It i< further in sided that if the Company determine uot to exercise its

rights hereunder it shall be entitled to give notice in writing to that effect to

the Commissioners at any time within three months before the expiration of

the period of ten years from the date of the first output of power under the

said First Agreement and in such case all further paj'ments by the Company
to the Commissioners hereunder shall cease.

5. It is hereby expressly provided that one-half of the power to be tren-

erated hereunder shall from time to time be available for the use of any Mu-
nicipality or Municipalities within the Province of Ontario for the purpose

of operating a municipal system of lighting, heating or other public utilities,

ilien owned or which may hereafter be owned by such municipality or mu-
nicipalities to be delivered at and taken from any of the Comjianv's Trans-

7'ormer Houses at the works of the Company at Niagara Falls and whenever
the additional electrical, pneumatic or other horse power or an;, part thereof

to be generated under this agreement shall be available for iise, then the Com-
pany shall supply to such municipalities as shall make application therefor

one-half of the said power. The price to be paid by such municipalities for

the said power may be fixed by the Lieutenant-Governor-in-Council who may
also fix the price every fifteen years thereafter during the continuance of this

agreement or any renewal thereof; and in determining the said price the

Lieutenant-Governor-in-Council may inquire as to the price paid for power
by other consumers receiving electrical energy from the said Company in On-
tario, the price paid by private consumers in the case of electrical energy pro-

duced by steam power or water power in Ontario and the various conditions
which in the opinion of the said Lieutenant-Governor-in-Council might be
necessary to determine the matter in issue.

And it is Further Provided that the quantities to be supplied to eack
applicant municipality, the priority of use to be enjoyed by such municipal-
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ity, the periods of using the same, and the fixing of a reasonable period where
such municipality having temporarily waived or declined to use power its

rights may be revived to be in accordance with any general legislation by the

Legislature of Ontario, or if no such general legislation then as the Lieuten-
ant-Governor-in-Council may determine.

6. This agreement shall be taken to supplement the First Agreement and
all the terms conditions and provisions of the First agreement shall, so far as

applicable, apply to the works authorized by these presents and the execution

and carrying out thereof.

7. And for greater certainty, but not so as to restrict the generality of

the foregoing, it is hereby further declared and agreed that if on the first

day of February 1953 the terms of the said license as limited by paragraph 14

of the First agreement shall have terminated (and not otherwise terminated

by the terms and conditions or provisions of the said First agreement or of

this agreement or of either of them) renewal of the terms or re-adjustment of

the rentals or both, as provided by the First Agreement and this agreement,
shall be made in accordance with the provisions of paragraph 15 of the said

First agreement.
8. And Fuhtiiee, for greater certainty but not so as to restrict the

generality of paragraph six of this agreement it is hereby declared and agreed
that the following paragraphs of the first agreement where applicable shall

apply and be taken to be inserted herein and thereby to form part of this

agreement namely, 8, 9, 10, 11, 12, 13, 15, 16, 17, 18, 20, 21, 22, 24, 25, 26, 28.

9. This agreement shall have no force or effect until approved by the Lieu-

tenant-Governor-in-Council nor operative unless and until ratified and con-

firmed by the Legislative Assembly of Ontario; but the rights and privileges

hereby granted shall, after the ratification and confirmation of the Legislative

Assembly, have force and effect from the date of this agreement
;
provided that

this agreement shall not i-estrain or affect the power of the Commissioners to

control the construction of works or direct the manner in which works may be
done and performed, within or over the area authorized by the First agree-

ment, although the area and location thereof may also be wtihin the area and
limits the subject of the License described in this agreement.

!>' Witness Whereof the Corporate Seal of the Commisisoners hath
been hereunto affixed by their Chairman who has also signed these presents in

certification of due execution hereof by the Commissioners and the corporate

seal of the Company has been hereunto affixed by the President who has also

signed these presents in certification of the due execution hereof by the Com-
pany on the day and year first aforesaid.

The Commissioners of the Queen Yictoria Niagara Falls Park.
(Seal).

Witness.

—

(SGD.) James Wilson.
(Sgd.) J. W. LANGMriR,

Chairman.

The Electrical Development Comp.\nt of Ontario, Limited.
(Seal).

(Sgd.) Henry M. Pellatt,
President.

(Sgd). H. G. NiCHOLLS.
Secretary.

Witness.

—

(Sgd). H. H. Macrae.
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REPORT
or THE

COMMISSIONER OF PUBLIC WORKS
FOP. THE

PROVINCE OF ONTARIO

FOR THE YEAR ENDING 31sT DECEMBER.

1904.

To His Honor Wm. Mortimer Clark, K.C,
Lieutenant-Governor of the Province of Ontario, etc.

A.S required by the provisions of the statute in that behalf, I beg to sub-
mit the reports of the Departmental Architect, Engineer, Superintendent of

Colonization Koads and the Accountant and Law Clerk for the year 1904.

The report of the Architect gives details of the works in connection with
the maintenance of the Legislative and Departmental Buildings, and of the

construction, and completion of additions to the buildings at the several

Public Institutions, and other Provincial Buildings under capital account.

The report of the Engineer contains details of the work at the several

reserve dams; timber dams and slides and swing and fixed bridges crossing

^^ame; the blasting, dredging and improving channels of navigation, and
clearing and dredging streams, etc. ; and tabulated statement showing the

mileage of completed railways and the number of miles now under construc-

tion.

The report of the Superintendent of Colonization Eoads gives details of

the works, etc., in connection with the building and repairs to colonization

ivnd mining roads during the year 1904.

The Accountant's Statement No. 1 shows the expenditure on maintenance
and repairs accouni for Government and departmental buildings, instititu-

tions, etc., for the year 1904; Statement Xo. 2 shows the expenditure on capi-

tal account for public buildings and works, roads, railways, etc., for the

year 1904; .Statement No. 3 shows the total expenditure on capital account
for public buildings and works, roads, railways, etc., from the I'st of July,

1867 to the 31st December, 1904; and No. 4 is a classified statement showing
(a) the expenditure for four years and six months from 1st July, 1867, to

31st December. 1871; (b) the expenditure for thirty-three years from the
1st January, 1872, to 31st December, 1904; and (c) the grand total of expen-
diture from 1st July, 1867, to 31st December, 1904.

The Law Clerk's Statement No. 5 shows the several contracts and bonds
entered into during the year 1904.

Respectfully submitted,

J. 0. REAUME, Commissioner.
Department of Public Works, Ontario,

February, 1905.
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REPORT OF THE ARCHITECT.

Toronto, 20th March, 1905.

To The Hex. J. 0. Reaume,
Commissioner of Public Worics, Ontario.

Sir: — I have the honor to submit the following annual report upon
the works carried on by the Architect's branch of your Department.

Government House.

The general repairs to the buildings, fences and walks were made as re-

quired. It was found necessary to reconstruct the whole of the roof of the

large Conservatory, owing to the decaying of the timbers. Xew glass was
placed on the roof and all the woodwork put in good repair and painted. A
new boiler was installed and improvements were made in the heating ap-

paratus in connection with the main building.

Cement side walks were laid in front of the grounds on King and Simcoe
streets by .he City, the Government paying one-half the cost of same.

Parliament Buildings.

The usual amount of repairs have been made to the roof and building

generally. On the night of the ITth of March I regret to state that a nrc

occurred in the centre of the building on the ground floor in the main cor-

ridor, at a point where the Telegraph Company's lines enter the corridor

through the floor. As an electric storm was raging at that time, ft was
supposed that the lightning entered the building by this line, burned out the

fuse and set fire to the counter upon which the operator's instruments were
placed. From these lines the current jumped to the electric lighting wires

in the basement. Fortunately, before the fire had gained much headway, it

was discovered by the night watchmen and firemen, who with the aid of the

fire pump and hose in the building, had it well under control before the ar-

rival of the fire brigade. To provide against danger from this source in

the future, the telegraph lines have been re-arranged and the wires run in

an iron conduit, suspended from the ceiling and entering the building
through a fireproof bos W-ith patent safety fuses. To further insure the

safety of the building against fire, the whole of the electric lighting plant

was carefully overhauled. The old wires which were found to be damaged
or worn were removed, and all the old types of fuses which were installed

when the building was first erected, have been removed and replaced by ap-

proved enclosed fuses. Porcelain tubes, knobs, and asbestos cloth and flex-

ible conduit have been used with discretion throughout the installation, and
practically everj'thing that appeared to be defective has been removed and
made safe.

A second fire, but less extensive, occurred on the morning of December
6th in the vault under the main entrance steps, where the waste papers of the

various departments are stored prior to being removed from the premises, and
was supposed to have been caused by unused matches, which, it was stated,

were frequently found among the sweepings, and were thrown into the waste

paper baskets by persons cleaning the rooms. To prevent a re-occurrence of

a fire from this source, orders were given to the caretakers of the different

Departments to carry all sweepings direct to the furnace in the boiler room.
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OsGOODE Hall, Toronto.

The expenditure required in connection with this building was for re-

pairs to roofs and walks, roadways, cleaning, painting, furnishings, etc., for

fhe Judges' departments and offices. Repairs were also made in the floor

of the boiler house, the old brick floor which was badly out of repair was

taken up and relaid with cement ; considerable repairs will have to be made
to the roof of this building nexi season.

Educational Department, Normal and Model Schools, Toronto.

Ordinary repairs have been attended to. The ceilings in several of the

class-rooms, the plaster of which was falling down, have been re-covered

with sheet steel, painted in an artistic manner, greatly improving the appear-

ance and lighting of the rooms. The class-rooms were papered and painted,

as also was the passage way between the Normal and Model Schools.

Furniture, tools, etc., were supplied, as required, to the Domestic

Science and Manual Training Departments, and additional seats purchased

for the Chemical Lecture room.
Cement walks were laid from the east and west entrance of the Normal

School, connecting with the main walks leading to Gerrard Streel, the work

being done under contract by The Harvard & Leach Company.
Electric Light fixtures were installed in the new additions to the Nor-

mal School.

Normal and ^Iodel Schools, Ottawa.

The work done during the past year to this institution consisted mainly

of repairs to the buildings, yards and fences. The rooms formerly used as

men's cloak room and lavatory in the Normal School, have been altered and
fitted up for a Manual Training class room, and has been fully equipped with

the most modern apparatus for the purposes required. A new Lavatory has

been constructed under the stairway in corridor for this Department, and

fitted with the latest sanitary appliances.

Improvements have been made to the lighting of some of the class-

rooms by placing Luxfer Prisms in the sashes. As the lighting of these

rooms has been very much increased, it Is intended to apply the Luxfer

Prisms in some of the other rooms during the next season.

Asylum for Ins.ane, Toronto.

Most of the work in connection with the institution was done this year

under the Inspector's Department. The work done under this department

consisted of the re-construction of the pillars to the east and west entrances

to the Asylum grounds on Queen Street, which were in danger of fallincr.

They were taken down and rebuilt in a substantial manner. The work was

done under contract by Messrs. Brown & Love.

New gates were also supplied and erected. Eepairs were attended to

where necessary and some minor improvements made in connection with the

heating apparatus in the main building.

Asylum for I^^SANE, Mimico.

General repairs have been made to the various buildings, and consider-

able repairs were made to the intake pipe from the La-Ice in connecfion with
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the wat-r work.s supyjlyiiii; tliu ii.stiUiiion, which was found to be leak-

ing badly in some of the joints. These repairs can only be considered tem-

porary, as I am of the opinion that it is impossible under the present condi-

tions to prevent the pipe from leaking. It now lies on the bottom extend-

ing into the Lake about 1,400 feet beyond the Dock without protection of

any kind and is consequently moved to and fro by the action of tlie waves

during a storm. It will probably be necessary to cut a chase into the rock

and let the pipe into it and extend the Dock until deep water is reached,

laying the pipe alongside of it. If the Dock were extended, it would facili-

tate the delivery of coal, which could be brought in vessels, and which is

now brought by rail to Mimico Station, a distance of one and one-half miles

from the instituton, and from there has to be carted to the bulding.

Gegenstrom Bathing Apparatus (spray batks) have been fitted up in the

bathrooms of two cottages and the floors laid with tile.

Asylum for Ins.^ne, Londox.

A large amount of work has been done on this institution in the way
of repairs and improvements. The carpenter and attendant's house, situ-

ated on Dundas Street, opposite the entrance to the institution grounds, has

been raised one storey.

The barns and stables on the Trebilcock farm, recently purchased, have

been practically re-constructed and put in good order.

The roof over the coal vault m connection with the main building has

been re-constructed, the old roof having been found to be worn out and be-

yond repair.

The addition to the carpenter shop commenced last year has been com-
pleted, with the exception of some machinery required and which should be

installed next year. A new hot-water boiler has been placed in the Medi-
cal Superintendent's residence, the old one having given out.

A 100 h.p. multitubular boiler has been erected in the main boiler

house to take the place of two smaller boilers that were condemned as being

unfit for further service. The work was done under contract by Messrs.

Leonard & Sons of London.
A balcony has been erected at the end of 13 corridor on the women's side

in the main building, {wo storeys in height. It is proposed to erect a simi-

lar balcony at the opposite end of the building next year.

Radiators have been supplied for additional heating in the main build-

ing and a hot water heating apparatus has been erected in the greenhouse.

New baths for patients have been supplied where found to be necessary.

The usual general repairs have been made to the main building, cottages and
otitbtiildings and the work as far as possible has been done by contract, the

material having been purchased in the same way.
The main reservoir for water supply, which has been under construc-

tion for about two years, has been completed, the work being done by Asylum
labor.

Asylum foe, Insane, Kingston.

The Nurses' Home was completed early in the season and has been occu-

pied since last May, the interior finished wood work having been done by
the patients.

Several improvements have been made in the north cottage^ particularly

in the plumbing work. The work in connection with the installation of the

100 h. p. boiler and connections, which had to be postponed from last year,
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owing to the contractors, Messrs. Selby & Youlden, being unable to procure
material as specitied, has been completed. The brick setting was done by
men employed by the Department and the steam connections by Messrs.
Elliott Bros.

The building formerly known as the gas house, and which has been in

disuse since the use of gas was discontinued four years ago, is being con-

verted into a cold-storage building and is near completion, the work being
done by men employed by the Department under the Foreman Carpenter of

the institution. The building will be completed in "time for the season's ice.

A new house has been erected on the Asylum grounds for the Butcher,
the old house being considered unfit for habitation.

A new furnace has been installed in the New Court building, the old

one being unfit for service. New baths and w. c.'s have been supplied to

the main building and cottages as required. Outside repairs to the build-

ings generally have been attended to.

Brockville Asylum.

A curling and skating rink for the use of the patients of the Institu-

tion has been erected, the work being done under contract by Messrs. O'Dris-
col and Fitzpatrick of Brockville.

A contract was awarded to Messrs. Deegan & Co., of Brockville for im-
provements to the eavetroughs and the gutters of the main building, which
it was impossible to keep water-tight, owing to faulty construction. About
half the work has been done. It will be resumed as soon as the weather will

permit.

Two of the bathrooms in the main building have been fitted up with the
Gegenstrom spray bathing system, the floors having been tiled and the rooms
properly prepared to receive the same.

Xew wash trays and an extractor have been provided for the Laundry
anu an engine has been installed in the carpenter shop. Repairs generally
have been made.

CoBOUEG Asylum.

The contract for the Medical Superintendent's residence, the plans for

which were prepared last year, was awarded to Messrs. Oake & OaRe, Con-
tractors of Cobourg, with the exception of the heating and plumbing, the
former being awarded to Mr. W. R. Whitelaw and the latter to Messrs.
Climo Bros., of the same place. The building is now finished with the ex-
ception of a few minor details.

Plans, etc., were prepared for a root house, but as the amount appro-
priated in this year's estimates was insufficient for the requirements, the
work was postponed until next year. Repairs to buildings, etc., have been
made.

Orillia Asylum.

A contract was awarded to the Poison Iron Works Co., Toronto, for the
installation of two 150 H.P. Heine Water Tube Boilers in the main boiler

house, to take the place of four old Fitzgibbons' Boilers, which had been
condemned as unfit for further service. The contract has Keen completed.
The bricking fa and the steam connections were made by men employed by
the Department, under the supervision of the Engineer of the Institution.
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Necessary alterations were made in the Boiler house to receive these

boilers. Before the plant is completed, other alterations will have to be

made. The Underfeed stokers formerly attached to the old boilers have

been attached to the new ones and put in good working order, the work being,

done by Jones Underfeed Stoker Company.
The Gegenstrom Bathing Apparatus has also been installed in two of the

bathrooms in this institution. The floors of the rooms have been tiled and
the other bathing appliances re-arranged to conform with the new conditions.

The work was done by the plumber of this Department, and the tile flooring

by The Canachi Plate & Window Glass Company, of Toronto.

Ver;indahs have been erected in front of four of the cottages occupied

by the ofticials. Repairs generally have been attended to by the Asylum
authorities.

Asylum for Epileptics, Oxford.

The work on the two cottages commenced' last year is practically com-
pleted. The plans and specifications were prepared for an Administration
Building and the contract awarded to Mr. Wm. Griffiths of Woodstock, for

the constructional work, including stone work, brick work, carpenter work,
plastering, painting, galvanized iron work and slating. The buildng has

been roofed in and should be completed before the 1st of June next. The
contract for heating and )ilunil)ing of the Administration Building and Cot-

tages was awarded to Messrs. Purdy, Mansell & Co. ; the contract for elec-

tric lighting to Messrs. McDonald & Wilson, and the contract for electrical

fixtures to The Keith & Fitzsimmons Company, all of Toronto. The con-

tracts with the exception of those for the Administration building are about

completed. This building has been located at a distance of about 150 feet in

front and to the south of the cottages on the brow of the hill. It is. three

stories in height, and has a frontage of 50 feet, with a depth of 80 feet.

The main portion of the lower floor is divided into Superintendent's Office,

General Office, Bursar's Office, Dispensary, and dining-room for the offi-

cials. The kitchen, scullery, pantry, etc., are situated in the rear portion

of the building. The two upper floors are divided into living rooms for the
Sledical Superintendent, Matron and servants. The building has been de-

signed to harmonize with the cottages and in conformity with the general
scheme.

Considerable work should be done next year in repairing the fences
and roadways and laying of walks, drains, etc.

A favorable contract has been entered into with the City of Woodstock
Electric Light Co. for supplying current for lighting and power for mo-
tors, which will be used in connection with the ventilating system. TEe
pole line has been laid and wired from the town to the buildings. The
Transformers are about all that are required to complete the contract.

Negotiations were entered into with the City of Woodstock Water
Works Company, with a view of obtaining a water supply from them for
tne institution and which I understand is still under consideration. A
well has also been sunk on the premises with a view of obtaining a water
supply from the numerous springs in the neighborhood.

Asylum for Insane, Penetanguishene.

On the 19th of March last, I was instructed to make an inspection of
the Reformatory for Boys at Penetang with a view of changing the institu-
tion into an Asylum for Insane. I at once prepared plans and specifications
and the work was commenced on the 28th of March and the building occu-
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pied by patients in tlie latter part of August. When the Inspectors of Pri-

sons and Asylums and myself paid a visit to the Institution on the 23rd of

March, it was then thought that with some changes and additions the main
building could be utilized without the extensive alterations that were after-

wards found to be necessary, including the cooking apparatus in kitchen
which had to be entirely remodelled and renewed, as also the steam and
water connections, drainage and a new cement floor, smoke stack and ventil-

ator, and entire new plumbing. A sheeted partition was erected across the
end of the dining-room from floor to ceiling 17 feet in height, with a division
in the centre forming Pantry off the Kitchen and Bread room off the Bak-
ery, the former being fitted with enclosed shelving (dresser) on three sides

and the latter with open shelving, from the Kitchen Pantry a Dumb Waiter
has been erected leading to the men's dining room on the upper floor, new
bread troughs, boards, etc., were fitted up in the Bakery, a pantry was also

erected at the opposite end of the dining room for the officials. On May 13th
I visited the buildings in company with the Hon. the Provincial Secretary,
the Inspector of Asylums and the Matron of the Institution. At that time
changes were made in the location of the patients, the first intention being
that the building was to be occupied altogether by women, it was then decid-
ed that the south wing should be occupied by men, which necessitated the
fitting up of additional plumbing on each floor and dividing doors for corri-

dors. The location of the store in basement for dry stores was changed and
the location of wet store and cold storage was also decided upon at this time.
Three apartments on the west side adjoining each other containing isolation
cells were selected for stores and cold storage, necessitating the tearing down
of the cells, receiling the rooms and laying new cement floors; a roadway
has been constructed leading to same from the main road to permit of goods
being brought directly to these apartments, formerly the stores were carried
through the Main dining-room along the corridor and d6wn the main stairs

—an arrangement which probably furnished work for the former inmates but
could not be performed by aged lunatics for which this Institution has been
altered. The stores have been completely fitted up with new shelving, coun-
ters and tables. For sanitary reasons a large amount of work had to be
done, the sheeting all round the walls of the wings was removed and wood
fibre plaster substituted, considerable of the old flooring was badly shrunk
and the joints filled with an accumulation of filth which could not be re-

moved, the old flooring was taken up and new flooring laid. Other portions
of the old flooring that was worn rough was planed off and the whole of the
floors throughout the building given two coats of oil. It was also found
necessary to paint the whole of the walls and ceilings, excepting the Office,

Matron's, Chief Attendant's room and Officers' Dining-room, which have been
papered.

The electric wiring on examination was found in many places to be
badly worn as were most of the cutouts, which were of a pattern not now
accepted by the Underwriters, but would probably have been accepted by
them when the work was done twelve years since. There was no porcelain
or other insulation excepting the rubber covering on wires, which where ex-
posed were carried on wood cleats. Under the circumstances and after the

experience we had in connection with the wiring of the Parliament Buildings
a short time previous, and to ensure the safety of the building and inmates.
the whole of the building had to be practically rewired, usinc such nortions

of the old wiring found to be in good condition, properly insulated with por-

celain cleats and merle. The above also applies to the IMedicnl Superintend-
ent's house, the Assistant to the Medical Superintendent's, the Bursar's
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house, the outside Foreman's house, aud two cottages which have beeu con-

verted into a boarding house for the attendants. The Laundry building was
aJso wired for electric light. Inexpensive hxtures were provided where neces-

sary for the various buildings. A new hot water heater necessitated by the

increased plumbing appliances has been installed in the boiler house. The
underground steam main from the Laundry building to the Kitchen in the

main building which conveys steam from the boilers in the Laundry had to

be renewed, as also the mains and returns to the large radiators in dormitories,

which had never worked effectively and in consequence the rooms were not

properly heated. Additional radiators were placed where required. It was
found necessary to raise the radiators and mains on the ground floor to allow

the condensation to flow freelj-. The boilers in the main boiler-house and
Laundry had to be overhauleil and considerable of the brickiug-in rebuilt, a

new smoke stack being put on the latter. An expenditure which it was im-
possible to foresee was the rebuilding of the whole of the laundry building,

excepting that portion occupied bv the boilers, from above the foundations.

It was not discovered until holes were being cut in the walls for tie rods

that the building han originally b(>en built of wood and then encased on both
sides with one-half brick in thickness: the wood was found to be completely
rotted out which accounted for the spreading and cracking of some of the

walls, as it was not possible to tie the work together, and the walls would
not for one single day stand the oscillation which would be caused by the

machinery' to be installed; they were taken down and rebuilt; as many of

the old bricks as were found to be sound were used again and an entire new
roof with the exception of rafters was put on and covered wrfh galvanized
iron. The Laundry has been equipped with up-to-date machinery, which
was supplied and installed by the Toronto Laundry Machinery Co., under
contract.

It should also be explained that all of the buildings in connection with
the Eeformatory for Boys, with the exception of the Main Building, flie

Warden's residence and the Assistant Warden's residence and the barn and
stables were found to be in a most delapidated condition. New plumbing
was put in the Assistant to the Superintendent's residence and the Bursar's
house. With a view to economizing fuel, furnaces have been put in the
Bursar's house, the outside Foreman's house and Attendants' Boarding-
house, all of which were formerly heated by stoves.

The Superintendent's, Assistant to the Siiperintendent's, Bursar's, Chief
Attendant's and Attendants' houses have been papered and painted and for

all of which no provision could be made in the estimates as the disposition of

the houses was not decided on until the officials were appointed in August.
Nearly twice the amount of work as was af first contemplated has been
done, yet nothing has been done that was not absolutely necessary. There
sfill remains the altering of other buildings next year to accommodate 200
more patients, and although the amount expended may seem large, when
the cost per capata is compared with other Institutions it will be found to

be much below the average.

School of Practical Science.

The constructional work in connection with the Chemistry and Mining
Building is practically completed. Some parts of the equipment have been
installed and classes will be held in Geology and Mineralogy when the
school re-opens next month.
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Contracts were awarded during the past year as follows: For plumbing
eijuipuient, steam lieating and ventilation, Messrs. Purdy, Mansell & Com-
pany of Toronto. For the Jones Underfeed ...okers to boilers, to The Jones

Underfeed Stoker Company of Brantford. For electric light and power
plant and for plumbing in lavatories, to Messrs. W. J. McGuire & Company,
of Toronto. For engines and dynamos in connection with the electric power
plant to The Electrical Construction Co., of London. For the plumbing
work in connection with the equipment of the Laboratories to The Keith &
Fitzsimmons Company, of Toronto. For the equipment and furnishings for

Laboratories, class-rooms, etc., including tables, bookcases, fume cabinets,

etc., etc., for the Chemical and Mining section to The Canada Furniture
Co.. with head office at Toronto. For the Electro Chemistry section to the

Burton & Baldwin Company, of Hamilton. For the Geology and Mineral-
ogy and Executive section to The Chas. Rogers Sons Company of Toronto.

For seating of class-rooms to The Bennett Furnishing Company of London.
All of the above contracts with the exception of The Canada Furniture Co.,

and The Keith & Fitzsimmons Co., are nearly completed. These should be
finished by the middle of May.

All the work in connection with the Milling Building for which the

contracts were awarded last year, has been completed and most of the ma-
chinery installed.

The grounds around the buildings have been graded and sodding done
as far as the weather woxxld permit. A roadway has been constructed to

the east of the buildings, and cement sidewalks and approaches to entrances
have been laid on the grounds. Owing to the lateness of the season it was
impossible to complete this work which should be finished early in the
spring.

Repairs have been made to the old School of Science Building where
necessary and the building has been kept in good order geuearlly.

f

AGRirrLTVEE College.

Improvements have been made in the heating of the Physical and Bio-
logical Laboratory Building, which will save fuel and labor. The sys-

tem installed at the erection of the building, known as the hot blast ventila-
ting and heating fan sj'stem, was found to be expensive in operation on
account of its having to be run night and day. A direct radiation auxiliary
system to be used in conjunction with the fan system, has been installed at

a compr.ratively slight cost. The work was done by the Engineer of the
School in a satisfactory manner. Improvements have been made in the
Lavatory in connection with the main building. The old water-closets
have been removed, a new cement floor has been laid, and entire new plumb-
ing apparatus installed on the ground floor. On the floor above this, the
room formerly occupied by the T.M.C.A., has been converted into a bath-
room, in which a tile floor has been laid and a modern system of bathing
appliances installed, including shower-baths, etc. The work was done
under contract by Messrs. Malcolm & Gibbs, of Guelph. An additioT was
also built for a hose-reel station for fire protection pui-poses.

Meecer Eeformatort.

The re-construction of the laundry has been completed. The old hot-
water heater in connection with the water sxipply, which was woin out, has
been replaced by a new one. Repairs to building have been made including
plumbing, slating, galvanized iron work, painting, etc.
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IXSTITUTIOX FOR DeAF AND DuMB.

Two steam heating boilers of lOU h.p. each have beeu erected in the

main boiler house, to take the place of three old boilers, two of which were
coudemned. The fourth was repaired and removed to the boiler house at

the pumping station to take the place of one of the old boilers unfit for fur-

ther service. The work was carried on under contract by the W»iterous
Engine Works Co., of Brantford. The contract for bricking-in the work
boilers was awarded to Mr. J. Eoss, of Belleville. All of the work has been
completed. Some necessarj- repairs were made to the boiler house, includ-

ing cement floor, and repairs were also mfidp to the buildings, walks, drains,

etc.

Institution fok the Blind.
•

An addition has been erected on the girls' side of the main building
for a Lavatory, which has been equipped with modern plumbing appliances.

The contract for the erection of the building was awarded to Messrs. Scultz

Bros., of Brantford. The plumbing and heating was done by men employ-
ed by the Department. A silo constructed of cement has been erected ad-
joining the barn. The work was done under contract by Mr. J, Howey
of Brantford.

•),00(J square feet of cement walks with surface drainage and catch basin
were laid in the grounds. This work also was done under contract by Mr. J.

Howey. Some necessary improvements and repairs were made to the sewer.
General repairs were attended to.

Dairy School, Kingston.

An additional storey has been erected on this building and the whole
of the interior of the lower floor remodelled and divided into butter-making
room, cheese department, lecture room, press-room, store-rooms, etc. The
upper floor is divided into Superintendent's Office, General Office, Libraryj
milk-test ini),- ];;oni, instructors' room, etc., and large lecture room. An
addition has also heen erected at the side for a workshop. The whole build-
ing has beeu properly equipped with the most improved apparatus for all

branches. The work including erection, plumbing and heating, was done
by Messrs. McKelvey & Birch, Contractors of Kingston, to whom the con-
tract was awarded, and the electric wiring and fixtures by Brock & Halliday
of Kingston. It was also necessary to install a new boiler and pump, the
old one not being of sufficient capacity to heat the additional storey. The
work was done by Messrs. Selby & Youlden of Kingston.

Algoma District.

A hot water heating apparatus has beeu installed in the Court House
and Gaol and Gaoler's residence, all of which has been wired for electric
light. The work was executed by the following contractors : Messrs. J. J.
Culiton & Co., heating; Mr. Geo. Woolrich, plumbing, and The Sault Elec-
tric Light Co., electric lighting, all of Sault Ste. Marie: the electric wir-
ing and fixtures by McDonald & Willson of Toronto. Eepairs have been
maue to the buildings, and furniture has been supplied.

Thunder Bay District.

A vault has been erected in connection with the Court House, Port Ar-
thur. The work was done under contract by Mr. Thos. Hanley of Port
Arthur. The metallic fittings were supplied by The Office Specialty Com-
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pany, of Toronto, aud the iron doors and shutters by The Goldie & McCul-
lough Co., of Gait.

Improvements have been made to the heating system in the Court
House and Graol at Port Arthur.

IJepairs have been made to the buildings in the district ana
furniture has been supplied as required.

ilrsKOKA District.

Improvements have been made in the heating apparatus in the Gaol and
Gaoler's residence at Bracebridge. The work was done under contract oy
luessrs. Harris & Eobertson of Toronto.

Iiepairs were made to the Court House and Gaol at Burk's Falls, the
interiors of which were painted and the hallways and offices papered. Other!
repairs were attended to.

NiPissixG District.

An addition has been built to the Registry Office at North Bay, for a
jLautls' Title Office with vault attached. The contract for the interior of

the building was awarded to ilr. W. A. ilartin, Contractor of North Bay
The iron doors and shutters by -J. & J. Tajlor of Toronto, and the contract
for metallic vault fittings has been awarded to the Office Specialty Company
of Toronto. Eepairs have been made to the Court House and Gaol at North
Bay, and the Court room and legal offices have been painted, etc.

New entrance steps have been erected to the Court House with cement
walk to the street.

A Lock-up has been erected at Dryden. A grant of $500 to the Municipal-
ity has been included in this year's estimates towards the erection of th
buix^.ing.

A small house has been erected for the Gaoler at Sturgeon Falls, the
work being under contract by Meagan Serre Planing Company.

Repairs have been made to the Gaol at Mattaya. A lock-up has been
erected at Chelmsford, by the Municipality, .S500.00 being granted by the
Government towards the cost of the erection of same.

Parry Sound District.

Repairs were made to the Gaol and Court House at Parry Sound and
the brick work of the Gaol was tuck-pointed.

Repairs were made to the Court House and Gaol at Burk's Falls, the

ijiterior of which was painted and the roof re-shingled.

Rainy River District.

The Registry Office at Port Francis has been completed and equippec
with vault, fittings, etc.

Improvements have been made in the heating and plumbing in the Gao
at Rat Portage, the work having been done under contract by Wells & Em
merson of that place. Repairs to buildings throughout the district hav(
been attended to.

All of which is respectfully submitted.

I have the honor to remain. Sir,

Tour obedient servant,

F. R. Heakf.s,
Architect.
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REPORT OF THE EXGIXEER.

ToROxVTO, March 6th, 1905.

The Hon. J. 0. Reaume,
Commissioner of Public Works, Ontario.

^lE,—I have the honor to report respecting the engineering works that
have been constructed, the repairs and improvements made to the bridges,
locks, dams, etc., drainage works that have received aid under the Provin-
cial Drainage Aid Act, and the extension of railways in the Province of

Ontario during the year 1904.

Bridge at Combermere.

Work was begun on the reconstruction of the bridge over the Mada-
waska River, in the Tillage of Combermere, late in the season of 1903.

A full description of the structure was given in the report of that year. The
work was satisfactorily completed and opened for traffic about the end of

January, 1904.

Steel Bridge at outlet of Lake of the Woods.

The old floating bridge across the easterly branch of the Winnipeg
River, in the Town of Rat Portage, having become entirely inadequate for
the traffic over it, the construction of a steel bridge on concrete piers and
abutments was commenced in the fall of the year 1903.

The bridge is now neariug completion, and consists of three spans
121'8", 152', and 138', respectively. The contract for the steel super-

strticture was awarded to the Locomotive and Machine Company, of Mon-
treal, Limited, their tender being the lowest, §12,450.00. The type of

trusses is known as the Pratt single intersection, is stiff rivetted through-
out. The width of the roadway is 18 feet, and provision is made for adding
at a future time a footwalk, six feet in width, the southerly truss being
made sufficiently heavy to carry the additional load.

As reported last year, the substructure was erected by Messrs. Kelly
Bros., contractors of Rat Portage, and consists of two concrete abutments
on rock foundation, and two concrete piers on pile foundation. The piles

^hich are about 50 feet in length reaching to rock, were driven in a depth

of 28 feet of water through blue clay, and are protected by a casing of crib-

work filled with stone.

It is expected that the work will be completed and the bridge opened

for traffic early in March. The new bridge will be much appreciated by

the citizens of Rat Portage, who, for some years back, have been subjected

to great inconvenience through the dangerous condition of the old, partly

submerged bridge.

Swing Bridge, Magnetawan River, Cons. 8 and 9, Ryeeson.

The work on this bridge was well advanced at the close of the year

1903. and was completed early in the month of March, 1904. Upon the

opening of navigation Mr. Andrew Miller was appointed to attend to swing-

ing the bridge.

2 p.w.
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Stanley Bridge, Thuxder Bay District.

Stanley bridge across Kaministiquia River at Stanley Junction, twenty-
two miles westerly from Port Arthur, has a total length of T61'6". The
southerly portion was re-built during the year 11)03, for a length of 469'4".
The remaining portion across the northerly channel was renewed during
Februarv and March of the present year, and consists of five spans 35 "6",

49'0", 50'6", 51'6", and 34'0", respectively. The piers, 10'6" in width,
are constructed of 12'! x 12" timbers, with cut-water fronts protected by
3' planks and iron plates.

Blind River Bridge.

The work of building a new bridge in the Tillage of Blind River was
well advanced at the close of the year 1903. The bridge and foundations
are constructed of timber. It has a total length of 340 feet; two spans are

60 feet, three 40 feet, and three 20 feet each. The work was fully com-
pleted early in February.

Seguin River Bridge, Parry Sound.

The substructure of this bridge was constructed by the municipality of

Parry Sound. An appropriation was made at the last session of the Leg-
islature to provide for the steel superstructure. The bridge was completed

and opened for traffic in February, and consists of two spans of 55 feet each,

and one span of 70 feet. It has a roadway 16 feet in width, and a footwalk

5 feet in width. The steel superstructure was erected by the Hamilton
Bridge Works Company, of Hamilton, Ontario, at a cost of $3,685.00.

Severn Bridge in Morrison.
^

An appropriation of $2,500.00 was made at the last session of the Leg-

islature to cover one-half the cost of a steel bridge across the Severn River

a short distance above Sparrow Lake, connecting the Township of North

Orillia, in the County of Simcoe, with the Township of Morrison, in the

District of Muskoka. " The County of Simcoe was to pay the remaining

one-half of the cost. The work was undertaken by the County of Simcoe

;

the plans and specifications were supplied by the Department. The length

of the bridge is 204 feet, and consists of two spans supported on concrete

abutments and centre pier. The abutments are 20 feet long, 4'10" wide

at the base, ^'11" wide at the top, and 2^ feet high. The foundations on

the Simcoe side was continued down to the rock, an additional depth of 4

feet, and on the Muskoka side the foundation was consolidVited by driving

32 piles to a depth of 15 feet, the tops of the piles being two feet below ex-

treme low water. The centre pier was built upon rock at a depth of 9'2" at

low water. It has a length of 25 feet, a bottom width of 5'4", and a top

width of 3'6", and is carried to a height of 16 feet above the ordinary sum-

mer level, which permits the steamboats that ply on the river from the

Grand Trunk Railway station, Severn Bridge, to Sparrow Lake, to pass

underneath.

The approaches are filled with stone and earth and protected with close

piling of cedar above and below the concrete abutments. The piers and

abutments were completed in a satisfactory manner by Mr. -J. 0. Coates,

contractor, of Orillia, for the sum of $3,377.00.

2a P.w
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The steel superstructure is under contract with the Hamilton Bridge
Worka Company, of HamiltoUj Ontario, and consists of two spans of about
102 feet each, with a roadway 14 feet in clear width. The trusses are Pratt
single intersection, pin-connected, 18 feet in height. The contract price is

f2,950, and the erection of the bridge, it is hoped, will be completed early
in the New Year. The total cost of the bridge, including approaches,
inspection, and other expenses, will amount to ^6,826.55.

The work on the substructure having been completed early in December
the amount of the grant, $2,500, was paid to the Treasurer of the County
of Simcoe.

Baysville Bridge.

The old timber bridge in the Tillage of Baysville across the south branch
of the Muskoka River having become decayed and unsafe for heavy traffic,

an appropriation of §2, 000.00 was made last session to assist the munici-
pality of McLean and'Eidout to replace it by a new bridge. The len !

of the old bridge was 300 feet, but in rebuilding a new site was selected by
the municipality a short distaAce up the stream on the line of Eiver Street,

where the length of the bridge was reduced to 200 feet.

The work has been carried on by the municipality, and a permanent
steel bridge on concrete foundations is about completed. The substructure

ronaists of concrete abutments 20 feet in length, 5'6" in width at the base,
3"0" in width at top, 12 feet high, with wing walJs 7 feet in length. The
foundation on the northerly side is on solid rock in two feet of water; on
the southerly sid© the foundation was consolidated by driving piles to a

depth of 14 feet. The centre pier is of concrete 26 feet in length at the

bottom, 18 feet at the top, 5'6" in width at the bottom, 3'3" at the top, 12

feet in height. This pier rests upon a .crib 10 feet in width, 26 feet in

length, and 9'6" in height, compactly filled with stone, and rests upon solid

rock.

The substructure was built by Mr. Warren Moore, contractor, at a cost

of $1,090.00, the cement being furnished by the municipalitv at an addi-

tional cost of 1420.12.

The superstructure consists of two spans of 100 feet each, with a road-

way 14 feet wide. The trusses are known as Pratt single intersection, pin-

connected, and are 17 feet high. The Hamilton Bridge Works Company,
of Hamilton, have the contract, the amount being !52,816.00. The town-
ship is to supply the timber for flooring and poles for falsework.

The work was inspected in December. The steel was delivered upon
the site, and the substructure was nearing completion. The amount of the

grant was, therefore, paid to the Treasurer of the municipality of McLean
and Eidout.

Calabogie Bridge.

This bridge crosses the Madawaska Eiver on lot No. 18, concession 10.

Township of Bagot, in the Tillage of Calabogie, at a point where an island

divides the stream into iwo channels. It was the intention of the munici-

pality to renew the portion over the northerly channel in timber, and a grant

of 1800.00 was made towards the work at the last session of the Legislature.

A permanent steel structure has, however, been erected over this channel

at a cost of |2,400.00; and the municipality hopes for a larger grant in con-

sideration of the permanency of the work done.

The bridge consists of one span of 104 feet, and is of steel, built and

erected by the Messrs. Dixon Bros., of Campbellford, according to their
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standard type of roadway bridges, at a cost of ?!l,700.00. The abutments
which supported the previous wooden bridge were repaired and renewed, and,
being entirely of cedar, are safe for many years. The work was inspected
early in October, and found satisfactorily completed. The amount of the
grant was, therefore, paid to the Treasurer of the Township of Bagot.

Echo River Bridge.

A bridge across the Echo Eiver in the Indian Eeserve a short distance
from Echo .Bay station had become decayed and worn out, and a new struc-
ture on the site of the old one was erected during the month of October.
The new bridge consists of two spans of 51 '6" each, Queen trusses, and 73
feet trestle approaches, making the total length of the bridge 182 feet;

the width of the bridge being 14 feet in the clear. The bridge is supported
on piers 6 feet in width formed of cedar piles and pile trestle bents. The
work was carried out by men employed under a competent foreman, Mr.
Robert Laing, and has been satisfactorily copapleted at a cost of |1,332.11.

Wasd.ile Bridge.

A grant of §1,000.00 was voted towards a bridge known as the Wasdale
bridge, which is situated about three miles from Washago station on the

Grand Trunk Railway, across the Severn River, which forms the boundary
at this point between the Counties of Simcoe and Ontario, and is very close

to the District of Muskoka. The superstructure was erected by the Hamil-
ton Bridge Works Company at a cost of .$2,035.00, and consists of two War-
ren truss spans 68 feet and 60 feet, respectively, the width of roadway being
14 feet. The substructure is built of concrete. The abutments are 24
feet in length, 15 feet in height; the centre pier is 23 f^et long, 6 feet wide
at the bottom, 5 feet wide at the top, 13 feet high, and is supported on an old

wooden crib pier, the concrete being carried down two feet below extreme
low water. The work on the substructure was carried out by men employed
under the supervision of an official of the Ontario county council. The
total cost of the work, including engineer's and commissioner's fees, was
f^3,839.50. One-half the cost was paid by each of the municipalities. The
grant was, therefore, paid in equal parts to the Treasurers of the Counties

of Ontario and Simcoe.

Wahnapitae River Bridge and Approaches.

The work carried out under this appropriation was the construction of

a bridge over the Wahnapitae River, in the Tillage of Wahnapitae. It

consists of one span of 50 feet, and six spans of 20 feet, making a total

length of 180 feet, and has a width of 14 feet. The 50 feet span is sup-

ported on piers formed of two rows of piles, and the 20 feet spans on pile

trestles. The work was carried out in a satisfactory manner by men em-

ployed under a competent foreman, Mr. R. H. Paterson, and is a substan-

tiaf structure. The work on the approaches was carried out under Mr. W.
J. Brady as foreman, and included repairs and improvements on the road to

Bowland's Landing on Wahnapitae Lake, a distance of about 13 miles. The

work on the approaches and road consisted of brushing out, removing stones,

grading and ditching, and the construction of 6,164 feet of crossways on the

difficult hills and low places. A small bridge about 34 feet m length was

built across a stream known as Emory's Creek. A diversion of the road



1904 COMMISSIONER OF PUBLIC WORKS. 21

C]i lots No. T and 8, t-oncessions 1 aud 2, Township of Falconbridge, about

iliree-ciuarteis of u mile in length, avoided several bad hills. Two short

diversions were also made on concession No. ^^, Township ot Falconbridge,

in all about cue and one-half miles of new road. Culverts were constructed,

about 88 in number, chiefly of cedar.

Black Buidge in Dhapee Township.

A grant of $1,500.00 was made towards a bridge known as the "'Black

Bridge" across the south branch of the Muskoka Eiver, on the 8th concession

of the Township of Draper, District of Muskoka, conditional that the balance

of the cost of the structure should be provided by the municipality.

The bridge consists of two spans of 52'8" each, having a width of 14

feet in the clear. The trusses are of the type known as the Warren rony

truss. They are of steel, and were supplied and erected by the Hamilton

Bridge Works Company, for |1,000.00 for the steel work only, including

steel joists.

The abutments are of concrete, IT feet in length, 11 feet in height,

and have a bottom width of 4'6", and top width of 3'10". The centre pier

had been rebuilt of timber in the year 1901, and was not rebuilt in concrete

during the past season owing to liigh water. The easterly approach is 83

feet in length, and the westerly one 38 feet. They are supported on timber

trestle bents; the total length of the flooring being 227 feet.

An inspection of the bridge was made on the Tth of December, aud the

amount of the grant was paid to the Treasurer of the Township of Draper.

Muskoka Lakes Works, Whaef at Pokt Carling.

The extension of the wharf at Port Carling was the only work charge-

able to capital account on Muskoka Lakes during the past season.

Owing to the great depth of water at a comparatively short distance

from the shore, the wharf could not be economically built to any great dis-

tance outwards. It became necessary, therefore, to secure a portion of a

water lot that had been granted to a private owner and to build the new

wharf nearly parallel to the shore.

An addition of 12T'6" in length, 16 feet in width, was constructed to

afiord much needed facilities to the larger steamers for the transfer of pas-

sengers and baggage. A great deal of delay and inconvenience had been

experienced in former years through lack of sufficient wharf accommoda-

tion.
J 4.1, *

Four piers 16 feet square and twenty feet apart were sunk to a depth ot

24 feet and filled with stone. The platform was formed of five stringers

12" X 12" and covered with 3 inch planking.

Extensive repairs were made to the old wharf, which were charged to

the account of maintenance of locks, dams, etc.

Magnetawan River Works.—Lock in Village of Magnetawan

Extensive renewals and repairs were made to the works in connection

with the lock in the Tillage of Magnetawan.

The wharf above the lock was entirely renewed. The dam across the

southerly channel was rebuilt from low water up, including^ a new stop-log

platform 122 feet in length, and 12 feet in width. The lock wall below

The lock was repaired for a length of 20 feet. The wall was taken down

to the level of low water and rebuilt a height of 18 feet.
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tiredging at Buek's Falls.

The machinery of the dredge, belonging to the Department, was re-

moved from the hull at Port Carling where it was employed during the

season of 1903, and w.-n? taken to Burk's Falls, and was installed in the hull

on the Magnetawan Piver, Dredging was commenced on the 15th of June
and continued until the end of July to enable the boats plying on the Mag-
netawan Eiver to reach the new Grand Trunk Eailway docks in the Town of

Burk's Falls. The material was chiefly gravel and boulders.

On the completion of the work in the town the dredge was taken down
the river to Goose Lake, and two days were spent enlarging the outlet to

permit logs to be towed out of Goose Lake into Magnetawan River.

Removi^jg Obstructions in Ahmic Lake.

After finishing the work at Goose Lake, the dredge was moved down
the Magnetawan River to the lower end of Ahmic Lake. Soundings were
taken in the channel to the mills of the Croft Lumber Company. A rocky
shoal 40 feet in length was found with a depth of 5'6" of water. A steam
drill was employed and the rock removed until a depth of 7 feet was made.
vSoundings were then taken in the channel to Ahmic Harbour, when a depth
ot 7 '10" was found, with a width of 45 feet. The channel was buoyed on
each side ; a buoy was also placed on Mud Island in the riv.er about one mile
below the Tillage of Magnetawan, and three buoys were fixed below the
swing bridge in the village.

Deepening Indian Rivee, Keppel and Saeawac.

A re-vote of $1,600.00 was- taken to continue the work of deepening the

Indian River, in the Townships of Keppel and Sarawaci As reported last

year the work was commenced at the lower end and completed for a distance

of 2,000 feet, when the water rose so high that the work could not be econ-

omically carried on. The work was resumed in the month' of June, and com-
pleted in October of the present year. The length of the stream improved
extended from lot No. 25 in the first concession of Sarawac to the northerly

end of lot No. 33 in the 14th concession of Keppel, a distance of 16,400

feet. The material excavated was hard gravel and boulders, and loose, flat

limestone slabs. The work was done by men employed under a competent
foreman.

Mud Lake Works, Township of Keppel.

Mud Lake is tributary to the Indian River described above. The work
is of a similar character and will provide drainage for 1,000 acres of land.

The amount expended was SI, 019.48. The lands benefited are lots Nos. 29,

30, 31 and 32, concessions 12 and 13, and lots Nos. 31, 32 and 33, concessions

14, Township of Keppel.

North Rivee, Township of Matchedash.

An appropriation of .$600^00 was made at the last session of the Legis-

lature to remove rock obstructions from the North River on lot No. 2, con.

4, Township of Matchedash. The North River is a long and tortuous stream

that empties into Matchedash Bay in the Township of Matchedash. In its
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course through the Townships of Urillia and Medonte it overflows hirge tracts

of good agricultural lands which will he greatly benefited by these works.
It is expected that the removal of these rocks will permit of the construction
through these low lands of good roads which hitherto it was almost impos-
siDle to construct.

Obstructions were removed at three points on lot No. 2, con. 4, Matche-
dash. At the lower point where there is a waterfall of T feet, a channel
14 feet wide, 2 feet deep, and 14 feet in length was excavated. At a point
about 1,450 feet higher up the stream at the site of an old dam formerly
us d by lumbermen, a channel 18 feet wide, 3 feet deep and 40 feet in length
was made in solid rock, and large stones and boulders were removed from the
channel. At a point a short distance farther up the stream two cuttings
were made 14 feet in width, 4 feet in depth and 25 feet in length, and 12
feet in width, 3 feet to 5 feet in depth, and IG feet in length, respectivelj-.

Delta Cheek Impeovemext.

At the last session of the Legislature an appropriation of §100.00 was
made towards cleaning the stream between the Delta Lakes, in the County
of Leeds. Work was commenced in the month of September, when the

old sunken logs and debris were removed for the whole length of the creek.

The balance of the appropriation was expended in removing the worst bars
in the stream.

Maixtexance Locks, Dams axd Bridges.

The following works were attended to out of the appropriation for the

maintenance of locks, dams and bridges.

Povt Carlintj Loci;.—Extensive repairs were made to the wharf at Port
Carting Lock. The following lengths were rebuilt from below the water

line: On the north side of canal, 56' long, 6'6" high; 46' long, G'O" high;
34'0" long, 5'0" high; 41'0" long, 4 feet high; on the south side: 40'0"

long, G'O" high; 55'0" long, T'O" high. The whole of these lengths were
leplanked 12 feet wide with 3" planking.

Bala Dam.— New stop-log chains were provided for the Bala dam.

Port Samdficid Bridge.—A new wheel for the swing bridge at Port Sand-

field was provided.

Mary's and Fairy Lakes Lock.—Four new lock gates were provided for

tlie Mary's and Fairy Lakes lock during the month of March, and were

completed before the opening of navigation. Eepairs were made to the

cribwork below the lock; a portion 94 feet in length. 3 feet in height, and 8

feet in width, was renewed. The western rest pier of the swing Widge

over the canal was renewed from the water-line upwards. Its dimensions

are 25 feet in length on the face, 30 feet at the back, and 8 feet in width,

and was renewed for a height of four feet. It was well bolted with iron

drift bolts and filled with stone and gravel. The high bridge over the

Muskoka Eiver a short distance above the locks was supported temporarily

by four bents being placed under it. This bridge has a span of 100 feet.

It is supported on high trestles to allow the boats to pass underneath.
_
An

appropriation will be required for renewing it during the season of 1905.
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The swing bridge over the canal will also require to be renewed, and
1 would recommend that both of these bridges be constructed of steel.

Balsam River Loci;.—Repairs were made before the opening of uaviga-

tiou to the dam at the Balsam River lock, to prevent the spring freshet from
carrying it away. It will require to be rebuilt at an early date. It was
temporarily strengthened by building piers below the structure.

Lindsay Loch.—Sundry repairs were made to this lock, but it is in

such a decayed condition that its reconstruction cannot be delayed much
longer. Slight repairs were made to the swing bridges in Lindsay.

Young's Point Loch.—Some necessary repairs were made to the lock

gates, the wharf and the swing bridge. The swing bridge is in a badly de-

cayed condition, and will require to be rebuilt during the present season.

Reserve Dams on GitU and Burnt Rivers.—Repairs were made to the

reserve dams on the Gull and Burnt Rivers, as follows :

Devil's LaJce Dam.—A new slide was built at Devil's Lake to replace

the old one. It is 50 feet long, 7 feet wide and 4 feet high, constructed of

6" X 6" timbers, floored with birch 3 inches in thickness, and loaded with

stone. The front of the dam was gravelled and made tight. One new
stop-log was provided.

White Lake Dam.—This dam was faced up in front 6 feet in height

with two thicknesses of inch lumber with the joints broken. The dam was

gravelled for its full length.

Otter Lake Dam.—This dam was gravelled in front, and a hole under

the dam was filled with stone. This dam is in a very decayed condition

and requires to be rebuilt.

Farquhar Lake Dam.—Two new oak windlasses were supplied to this

dam.

Bif] Bear Lake Dam.—Two new oak windlasses were also supplied to

this dam.

Loon Lake Dam.—This dam was gravelled in front. A new side dam
will be required.

Paint Lake Dam.—A new stop-log platform was constructed at this

dam and the slide was repaired.

Missisxicua Creek Dam.—The dam and slide at Mississicua received only

such slight repairs as were necessary to replace worn planks and timber.

Ahmic Lake Dam, Magnetawan River.—The log slide in this dam was

repaired and a new floor provided. Four new windlasses were provided.

The dam was gravelled the entire length of its face.

Deer Lake Dam, Magnetawan River.—The stop-log platform of this

dam, 90 feet long and 12 feet wide, was renewed. The flooring of the waste
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opening weis also renewed. Tw o new windlasses und two new slop-logs were
provided.

^

Keewatin Dam.—The stop-logs in the Keewatin dam were raised where
necessary to clear out the driftwood that accumulates in front of the dam,
and the logs replaced, care being taken to make them tight as possible.

Repairs to Smoky Falls Bridyt.—One of the piers of the bridges over

the Sturgeon lliver at Smoky Falls was injured by the high flood, through
being undermined by the strong current in the river at this point. A new
pier constructed of piles was put in behind the old crib pier, and the span

of the bridge lengthened from 50 feet to 6U0 feet. The new pier and wing
walls contain 48 tamarac piles. They are planked on the outside with 2

inch pine planking, and braced on the inside with 3" x 12" timber.

The following are the lockmaster's returns of lockages made during
tbe year 1904:

I'ui-t Carlijifj Lock.—3,475 steamers, 637 small boats, 738 scows, and
2t0 rails or cribs of limber.

Mary's and Fairy Lakes Lock.—596 steamers, 34 small boats, 109 scows

and G3 rafts or cribs of limber.

Magnetawan Lock.—779 steamers, 25 small boats, 280 scows, and 27

raft^ or cribs of timber.

Lindsay Lock.—218 steamers, 307 small boats, 150 scows, and 103 rafts

or cribs of timber.

Young's Point Lock.—1,344 steamers, 136 small boats, 161 scows, and
2o2 rafts or cribs of timber.

Balsam River Lock.—460 steamers, 129 small boats, 138 scows, and 50

rafts or cribs of timber.

ExTE^SION OF Eailw.ws.

The extension of railways in the province during the year 1904 was
very active, although not many miles of new railway were completed and
opened for traffic.

The Grand Trunk Railway has not constructed any new railway during
1904, but has laid a second track between Hamilton and London, a distance

uf about 60 miles.

The Canadian Pacific Railway have opened for traffic the Lindsay,
Iiobcaygeon and Pontypool Railway from Burketon, on the main line of the-

Canadiau Pacific Railway, to Bobcaygeon, a distance of 38.79 miles. A
detailed description of this railway was given in the report for the year

1903.

The Canadian Pacific Railway have under construction 59 miles of

railway between Romford, a station on their main line near Sudbury, and

Byng Inlet. The grading is about one-half completed; track laying is ex-

pected to commence on this section in the early spring. Revised surveys:

for a continuation of this line from Byng Inlet to a junction with their pre-

sent Owen Sound section near Kleinburg are nearly completed.
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The James Bay Railway have at present under construction a line from
Toronto to a junction with the Canadian Pacific Railway at or'near Sud-
bury, a distance of about 265 miles.

The Bruce Mines and Algoma Railway made an extension of .64 of a
mile from their main line in the Tillage of Bruce Mines to the shore of Lake
Huron, and constructed a substantial and commodious dock. The total

length of this railway now completed from the shore of Lake Huron to Rock
Lake, in the Township of Aberdeen, is IT miles.

The Temiskaming and Northern Ontario Railway has been completed
and opened for traffic from North Bay to New Liskeard, a distance of 113

miles. Trains are now running to a regular time-table daily, except Sun-
day, for the conveyance of freight and passengers.

A contract has been entered into for an extension northerly from New
Liskeard, a distance of SO to 100 miles, to make connection with the new
Transcontinental Railway. Work on this extension is being piished on
vigorously; steel is laid 25 miles north of New Liskeard, and the line finally

located to the 65th mile.

A special report with full details of this railway will be presented to

the Hous'e.

The following revised statement to the close of 1904 gives in detail the

mileage of each railway in Ontario, distinguishing between those constructed

prior to, and since Confederation

:
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Drainage Works.

The following' municipalities have received aid in the construction of

drainage works under the provisions of the Provincial Drainage Aid Act,

63 Yict., chap. 8, during the year 1904:

Xorth Branch Drain—Townships of Roxhorough and Cornwall.

The outlet of the North Branch and Mcintosh Branch drainage scheme
is into the north branch of the Eiver Aus Raisin on lot No. 2 in the 8th
concession of the Township of Cornwall. The bottom width at the outlet is

17 feet with side slopes of one horizontal to one vertical. The length of the

drain is 10 miles. The area of lands draining into the works is estimated
at 17,637 acres, of which 11,434 acres are in Roxborough, 5,836 in. Corn-
wall, and 437 acres in Kenj-on Township.

The cost of the work is about .$15,400.00 The work on the outlet is

very expensive. A large rock cutting about 2,400 feet in length, 5 feet in

depth, and 22 feet in width has been taken out and other rock excavations
have been made. The work having been satisfactorily carried out, the
amount of aid granted by the Legislature, !?2,000.00 was paid to the Treas-

urer of the Township of Roxborough, the initiating township.

Neshitt Drain—Township of Bosanquet.

The work on the outlet of this drain extended through lots Nos. 27, 28,

and 29 in the 4th concession of the Towruship of Bosanquet, a distance of

one and one-quarter miles. The work consisted of the enlargement and ex-

tension of the outlet. The area of lands draining into the works, exclusive

of roads, is 6,820 acres, which send down through a system of drains and
creeks large quantities of water upon the low flat lands near the outlet.

The cost of the works was $753.00. The amount of the Legislative
grant, .$300.00, was paid to. the Treasurer of the Township of Bosanquet,
upon the report of the Engineer that the drain was satisfactorily completed.

Durham Creek—Township of Brooke.

This drain is situated on the 12th concession of the Township of Brooke.
The work was undertaken to improve the trunk channel constituting the out-

let for the drains formerly constructed in the 12th and 13th concessions of

the said township.
The cost of the work was .f2,450.00. The amount of the Legislative

grant, $1,300.00, was paid to the Treasurer of the Township of Brooke,
upon the report of the engineer that the drain was satisfactorily completed.

Pottawattamie River—Township of Derby.

The outlet of the present drainage scheme is situated on lot No. 18 in

the 5th concession of Derby. The work at the outlet consists of a rock

•cutting 1,100 feet in length, 18 feet in width and varying from 4 feet in

depth. The work at the upper end of the drain ends for the present on
lot No. 11 in the 8th concession. The length of the main drain is about

six miles. .\ branch drain two miles in length runs westerly beginning at

the sideroad between lots Nos. 15 and 16.

The number of acres assessed for the work covered by the present

scheme is 3,173 acres, but no doubt others farther up the stream at a future



1904 COMMISSIONER OF PUBLIC WORKS. 31

time, will take advantage of the outlet provided and continue the improv-
nient farther west. The cost of the work is about .§7,000.00. The amount
of the grant, .S3, 000. 00, was paid to the Treasurer of the Township of Derby
on the report of the engineer that the work was nearing completion.

Sawyer's Creek—Township of Douro.

This creek extends from a point on the Otonabee River on lot No. 12
in the Sth concession of the Township of Douro, in a north-easterly direc-
tion, across the township to lot No. 20 in the 1st concession, and has been
improved for a distance of a little more than three and three-quarter miles.
The work consists principallj" of deepening, widening and straightening the
creek, thi-ough swamp lands. At the immediate outlet a quantity of rock
was removed. The cost of the work is .?4,024.00. It is estimated that over
1,400 acres of formerly flooded swamp lands valuless for agricultural pur-
poses have been reclaimed, while the area of swamp lands benefited comprises
2,500 acres. The amount of the grant, .§1,200.00, was paid to the Treasurer
of I he Township of Douro upon the report of the engineer that the work was
satisfactory.

Snake River Drainage—Township of Bromley.

The main item of cost in carrying out this drainage schem* is the pay-
ment to the owners of a mill dam at Osceola on lot No. 20 in the .3rd con-

cession of Bromley, of compensation for the removal of the dam. The
amount of compensation has been fixed by a jiidgment of the High Court
of .Justice at .'^;20,000.00. The number of acres assessed for the works is

8,219, in the Township of Bromley, and 210 in the Township of "Wilberforce,

exclusive of roads.

The municipality has collected the sum of .$6,146.00 from the parties

assessed, and ha? issued debentures to the amount of S8, 081. 2-5. The amount
of the Legislative grant, .$5,000.00, was therefore paid to the Treasurer of

the Township of Bromley to enable him to make the payment of the sum
i'warded by the court.

Forbes Creelc—Township of East Tilbury.

The Forbes' Drainage Works is a system of drainage comprising exca-

vating, embanking and pumping. In the year 1887 the sum of §52.146.18

was expended on these works; in 1890 .?2.750.00. and in 1894, «9, 300.00,

or a total of $64,196.00. The work completed during the year 1904 con-

sisted of changing the location of the pumping plant to lot No. 13 in the

2nd concession of East Tilbun; resetting the old boiler and engine on per-

manent concrete foundiitions ; installing a new steel wheel 28 feet in

diameter on concrete* foundations; and r>rovidino- concrete and steel flumes.

The cost of this work was .$9,112.00. The number of acres. inclmled in the

scheme is 7,351. The work was inspected on the loth day of December
and found completed satisfactorily, when the amount of the grant, ?2,000.00,

was paid to the Treasurer of the Township of East Tilbury.

Pelee Point—Toicjiship of Mersea.

The lands benefited by this system of drainage comnri^e about 3.800

acres in concessions A, B, and C in the Township of ^lersea. The work

consists of ditching, dyking and pumpinff. The original scheme was com-

menced in the year 1894, and the work then done reclaimed the low landa
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that were formerly marsh lands of little value. During the year 1904

these drains weie enlarged and the outlet deepened, and, as it was found

impracticable to maintain a staunch dyke across the southerly end of lots

Nos. 19, 20 and 21, concession C, owing to the great depth of muck over-

laying the clay bottom, by agreement with the owner of these lots, they

were omitted from the scheme and a new drain and dyke were located oa

the northerly end of these lots. This diversion of the drain necessitated

a change in the position of the pumps, which are now located on the lake

shore at the northerly end of concession B. The pumps used in this drain-

age scheme are two submerged centrifugal pumps 6 feet in diameter and

have given satisfaction.

The main drains have a bottom width of 24 feet, and a top width of

50 feet. The branch drains have a bottom width of 24 feet and a top

width of 30 feet. The total length of drain is about 7 miles. The estimated

cost of the work on completion is S13,721.90. The amount of the grant,

$2,000.00, was paid to the Treasurer of the Township of Mersea on the

report of the engineer that the work was satisfactory.

Ruscomb River—Township of Rochester.

Work on the improvement of the upper portion of the River Euscomb,

and a branch tributary to it called Silver Creek, in the southerly portion

of the Township of Eochester, was pushed vigorously during the year 1904.

The outlet of the drain is situated at a point 2,500 feet north of the Michi-

gan Central Eailway on lot No. 20 in the 6th concession of the Township

of Eochester. The improvement followed the course of an old drain south

and south-westerlv to the southerly limit of the township. Silver Creek

branch drain joins the Eiver Euscomb on lot No. 13, Middle Eoad south

Eange, and the improvement in it continues in a southerly direction to the

southerly boundary of the township. The total length of the portions

improved is about 8^ miles.

These drains form an outlet for 32,350 acres in the following town-

ships, viz., Eochester. 12.695 acres; Tilbtiry West, 2,408 acres; :krirsea,

7,640 acres; Gosfield North, 8,724 acres; Gosfield South. 883 acres.

There- are draining into these main channels at the present time 32 local

artificial drains which provide drainage for practically the whole of the

acreage mentioned above.
. .

The estimated cost of the work is §26,212.00. An inspection of the

drain was made, and the work was found to be well done, only a small

portion remaining to be completed. The amount of the grant made at. the

last session of the Legislature, $3,000.00, was therefore paid to the Treasurer

of the Township of Eochester, the initiating municipality.

I have the honor to be. Sir,

Tour obedient servant,

E. P. FAIEBAIEN,
Engineer Piihlic WorJfS.



















REPORT OF THE SUPERINTENDENT OF COLONIZATION

ROADS.

To the Honorable J. 0. Eeaume,
Commissioner of Public Works, Ontario.

Sin,—I have ihe honor to present a report of work accomplished during
the year 1904, under the Colonization Roads brunch of the Public Works
of Ontario.

The sum of $169,650 was voted in the estimates and supplementary
estimates and a subsequent amount of $6,000 was allowed by the Government
to enable the Department to settle other accounts for expenditure not pro-
vided for.

The work accomplished was, as reported, frenerally satisfactory as the
appended detail will show and representino' about -300 miles of new roads
opened 650 miles of repairs upon public highways which had been partially

opened by the Government or municipalities, bxit not considered in con-
dition for ordinary general traffic and some seventeen bridges constructed
aggregating a length of 1.504 feet.

In the Temisr-amin;; District about 96 miles have been stumped, graded
and opened and extending fully fifty miles north of Xew Liskeard to settle-

ments at Round Lake in the Township of Otto. Twenty-two miles were
also repaired in various townships.

In Rainy River District a liberal quantity of work was done in various

townships for the benefit and advantage of the numerous inhabitants of the

district and who will doubtless within a short period be in a position to

generally maintain their own roads.

The following is a general statement of the works :
—

North Division.

Aiccnfjr Road.—A work on what is known as "Base Line" on X. side

of sections 5 and Awenge. A mile of grading, ditching and gravelling

A hundred and sixty rods of ditching was done between sections 5 and 6

of Awenge and sections one and two of Parke, with a quarter-mile of grad-

ing on the third concession of the latter township and representing about

two miles of work.

Bridge Repairs.—The sum of about §380 was spent in taking necessary

precautions to protect Paipoonge, Stanley, Hymer's and McEwans bridges

against freshets.

Bright tou-nsJilp Road.—More than a mile and a quarter was brushed
and stumped over a width of 28 feet from lot 12, Concession 5, Bright

west to lots 3 and 4, Bright Additional, with necessary culverts. Additional

to the above work 92 rods were brushed out and graded on the town line,

south of concession 5.

Carnarron J2th Con. Road.—A work begun at lot 3, eastward to lot 8

and on to lot 11, about two miles of general grading serving a good purpose

in the general interests of settlers.

[33]
S p.w.
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Campbell 10th Concession Road. Some 200 rods of ditching and cover-

ing of corduroy from lot 10 vrest on the 10th concession of Campbell, rais-

ing and covering the same with a good coat of gravel.

Carpenter Township Road.—For an expenditure of about |400, three

hundred, and ninety-two rods were cleared, twelve rods of drainage, four

hundred and twenty-five rods of corduroying and with a culvert represents

a mile and a quarter of new work between lots 6 and 7.

Carpenter and Lash Road.—Over two miles have been opened to a width
of 40 feet and graded. Two hundred and forty feet of drains were opened
and almost a mile of corduroying was laid, with the construction of six

culverts.

Carpenter and Burris Road.—More than a mile and a quarter was open-

ed and graded with forty rods of crosswaying and a bridge 46 feet long.

Conmee Road.—Three miles graded on the 4th concession.

Crazier, Devlin and Lash Road.—General improvements with culverts

rhere necessary and the opening and clearing 40 feet wide of over five miles.

Crazier and Fort Frances Road.—Represents two hundred rods of cross-

A'aying.

Crozier and Lash Road.—Over half a mile of grading and ditching,

and three quarters of a mile opened to a width of 40 feet, with 168 rods of

crosswaying and o6 rods of drainage.

Devlin and Burris Road.—Upon this road about two miles were widen-

ed to 40 feet and half a mile grad,ed with two hundred and twenty rods of

ditching.

Dilhe and Nelles Road.—About a mile and a half opened to a width of

40 feet and half a mile graded. Nearly two miles of ditching was also

done and seventy-two rods of ditches opened.

Dobie Township Road.—Three quarters of a mile opened and half a mile

of ditching with several culverts and a bridge built 56 feet long.

Dorian Road.—Two miles were opened and two repaired in this town-

ship to the 7th concession.

Dobie and Mather Road.—Two miles were opened to a width of 40 feet,

over half a mile graded, a mile ditched, and with 30 rods of drainage and

a 35 feet bridge represents the work done.

Eagle River Bridge. Built south of Eagle River Station on the

C.P.Ry. at the cotner of Sanford and Aubrey Townships. It is 116 feet

long, with a center span of 50 feet.

Eton Township Roads.-—In this case the chief work was done upon the

main Eton Road between lots 1 to 4 between concessions one and two, am-

ounting to about three miles of improvements.

Fort Frances and Rainy River Road.—A mile of ditching and half a

mile of grading and two bridges of 50 feet and 28 feet spans, respectively.

Galbraith Road.—From concession 5 between lots 4 and 5 to concession

4, and thence south easterly, about half a mile was ope^ned to connect with

an existing road.

Gladstone 2nd Concession Bridge.—A structure 84 feet long, with main

span of 34 feet was erected.

Gillies and Scoble Road.—Three and a half miles opened along the 7th

concession of Gillies and half a mile into Sooble Township. This road the

inspector says, should continue into the Township of Pearson recently sur-

veyed.

3a p.w.
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Goldenhurg and Day Mills Road.—A work begun between lots 10 and
11, concessions 3 and 4, Gladstone, north to Mississaga River. Two miles
consist iug of the opening 40 feet wide, grading, ditching and renewal of
culverts with oS-take drains.

Grimsthorpe Bridge.—A structure on the 10th side line of the 13th
concession of Campbell on Manitoulin Island. The bridge was formerly
193 feet long, but is now reduced to 66 feet and balance filled in permanently.

Honora Bay Road.—A continuation of last year's work from lot 29,
concession 5, Howland (Manitoulin Island), northwestward, to lot 31, con-
cession 4, over a mile of permanent grading and gravelling, and with an
equal grant another year would complete a good highway for all general
purposes.

Hymer's Road.—A road extending from the north side of O'Connor to

the south of Gillies, some thirteen miles. About twelve miles were tem-
porarily opened and four miles of repairs made.

Iron Bridge Road.—This was chiefly the construction of a bridge be-

between lots 3 and 4, concession 6, Bright, 76 feet long.

Jaffray Township Road.—An extension from lot 12, concession 5, J af-

fray, with a branch on lot 2, concession 11, to Bullion Mine on concession

6 and to lot 2, concession 1, Mallick, representing four miles of road roughly
opened, and two of repairs.

Jaffvay Bridge.—This bridge was replaced by a culvert 4 feet by 5 feet,

and 22 feet long, with stone filling at each end.

Kagawong Lake Road.—This work was on the 25th side line of con-

cession 8, Billing-s, ilanitoulin Island, and consisted in stone filling for

5-8 of a mile raising it above flood /svel in order to preserve traffic.

Korah Township Roads.—A mile of road opened between sections 27

and 28, Korah, completing the same up to the gravelling. Again from the

southeast corner of sectionl, half a mile was opened north through a very-

rocky section, requiring a good deal of blasting.

Lyhster and Gillies Road.—The improvement of four miles from Lybster

Bridge between 33 and 36 mile posts along Whitefish River and with other

partially opened roads represent eight miles repaired. The settlers in this

districts are Finlanders and are said to be a very desirable people.

Marl-s Road.—Two miles improved on the town line between Marks and
Lybster north into Marks.

May Township Road. Four and a half miles of grading, beginning
on the town line between May and Hallam at concession 1 and thence west

to between lots 9 and 10 May.
Mather Road.—One hundred and seventy three rods of crosswaying was

laid between lots 8 and 9 and 44 rods of drains opened.

Mather and Tait town line Road.—For a width of forty feet four miles

were operated and a quarter of a mile graded. Five hundred pieces of cross-

way timber were laid and half a mile of ditching.

Mather and Dobie town line Road.—Nearly two miles were opened to

a width of 40 feet, over half a mile graded, a mile ditched, with 30 rods

of ditching and 35 feet bridge.

Michipicoten Road.—From the southern limit of the Wawa Village

town site, five miles were opened as a general highway by chopping, grub-

bing 30 feet wide southwesterly towards Michipicoten.

Morley and Shenston Road.—Something less than three miles were

opened ami 100 rods crosswayed and ditched.
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MacGregor Road.—In order to let settlers out three miles of improve-
ments were made in the 13th concession.

Mclntyre Road.—The construction from last season's work on the main
road, lot 24, three miles to the limit between lots 28 and 29. The munici-
pality gave foOO towards the improvements of the road, which was costly.

It is said that nearly two miles are vet unfinished, which would cost fully

?500.

McEwans Bridge.—Repaired by renewing pier at a cost of about ^259.

Nairn and Worthington Road.—-Work was commenced between lots 3
and 4, concession 2, Drury, thence west to lot 7. A bridge, 150 feet in

length with 40 feet main span, was built, the municipality furnishing the
covering and expecting to complete the road without further aid.

Neebing 'and Mclntyre Road.—A work on the town line named from
between lots 19 and 20 to lot 1 west two miles.

Neebing and Oliver Road.—The opening of the town line east to Slate

River and Miirillo Road from lots 19 to 15, representing two miles of new
work; and again on the main road, through Neebing, Paipoonge, O'Connor,
Oliver and Gillies, thirteen miles were graded and improved with the use

of a grading machine at the small cost of about two hundred dollars.

O'Connor and Conmee Town Line Road.—Three miles and a half were
cut out from the Conmee main road and a mile graded and ditched, all on
the town line mentioned.

Patullo and Morley Road.—A mile opened 40 feet wide and about half

the length graded. Alaout half a mile of tap drains were opened and 40 rods

of corduroying laid.

Paipoonge and O'Connor Road.—A mile and a half of road opened and
three miles of repairs made.

Fine River and Patullo Road.—A mile opeiied and graded and 100 rods

of off-take drains made.

Prince Township Roads.—Four sections were improved, one being from
the southeast corner, section 28, through half of said section representing

half a mile of rather expensive, but necessary work. The second work was
half a mile of ditching and grading on the town line bet^\)een Prince and
Korah, from the second line north. A third work was the opening of a

road beginning between sections 15 and 22, thence west half a mile, thence

north between sections 15 and 16, one mile; and lastly, through the centre

of si'ction 11, from its north side a mile of grading was done, making alto-

gether a mile and a half of new work, and two miles of grading and ditching.

Rainy River Roads. The work in this district in twenty-five sections

represents the opening of 39i miles to a width of 40 feet, 15i miles of grad-

ing, 25 miles of ditching and draining, 6 miles of corduroying, 61 culverts

and 9 bridges and further specified in their order, each work being des-

cribed with the expenditure shown in the statement.

Rainy River Road.—In the Township of Aylesworth and Lash was

opened to a width of 40 feet for a mile and a quarter with 340 rods of grad-

ing and 712 rods of ditching and tap drains; and on the Crozier and Fort

Frances portion 460 rods were opened to a 40 feet width and 200 rods of

crosswaving laid. In the Township of Dilke on this same road a mile was

opened to a width of 40 feet and properly graded and ditched, requiring

44 rods of crosswaving. The same road was also opened to the above width

of 40 feet, from Dilke west to the Worthington and Blue Road, a length

of two miles, one of which was graded and made presumably a good road

for o-eneral traffic. In Worthington and Atwood Townships four miles
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were openjed to the general width of 40 feet, 600 roda graded, 1,200 rods of

ditching- and 100 rods of each, corduroying and draining, was added.

Red Bay Road.-—A hill was thoroughly improved on the 4th concession
west of Bury Road on the Indian Peninsula in North Bruce.

Roddick, Crozier and MiscampheU Road.—214 rods opened and cross-

ways for 262 rods graded and ditched with 64 rods of crossawying.

Sandford Township Road.—Ditching and grading the main road be-

tween Eton town line and Eagle River Station to connect with a bridge

built.

Scoble and Blal-e Road.—Two miles and a half opened to town line,

and a mile and a half of a cheap winter road cut out on the 11th concession

to give settlers an outlet.

Shakespeare Road.—Some $300 was spent in repairs from centre of con-

cession 1 between lots 8 and 9, thence eastward one mile to lots 7 and 8,

making a good general highway. A bridge between lots 6 and 7 was aban-
doned and a new one built 50 feet down the stream to shorten the span.

Stanley and Fort William Road.—In this instance -four miles were
gravelled. A bridge was also built over Corbett's Creek, with a length of

300 feet. The balance of work was ditching for three and a half miles.

Thessalon Town.ihip Road.—A grant of $3,000 was voted in the supple-

mentary estimates conditional upon an equal sum being raised locally.

The terms were complied with and the sum of S6.000 has therefore been
spent this year. More than ten miles were worked upon and excellent roads

are the result. The work was through the township of Thessalon on the

main road east to Mississaga River and serving several townships.

Strange Bridge.—A structure with a 30 feet main span built over White-
tish River at lots 2 and 3, Strange Township, and length of 50 feet alto-

gether. The road was extended a mile and a half beyond the bridge at a

cost of 1237.00.

Tarentorus Road.—A work from northeast corner of section 19 west
between sections 18 and 19 opening half a mile 40 feet wide with 40 rods

of off-take drains. Half a mile of repairs were also made along the Great
Northern Road in section 28 in grading and gravelling.

Tait and Shcnston Road.—About two miles and a quarter were opened
40 feet wide, three-quarters of a mile graded and ditched with half a mile
of drains opened and forty rods of crosswaying.

Tait and Patullo Road.—Two miles opened, graded and ditched with,
and including 40 rods of crosswaying and 80 rods of drains.

Vanlcoughnct Road.—Beginning at the town line of Korah and Taren-
tonis, 40 rods south of the northern boundary of said townships, and thence
north through sections 36 and 25 Pennefather, a mile and three-quarters
which had before been chopped and grubbed was fully completed with a
grading machine. From the northeast one-quarter of section 25 to middle
of section 24 Pennefather, half a mile of heavy and expensive road was
put in good condition, including a bridge 120 feet long, continuing north
to the line between sections 12 and 13 two miles and a half of work was
done and great improvements made over practically new ground : and from
the last mentioned work, to and through section 1 Fenwick, a further length
was graded representing altogether six and a half miles of work. The line

is through a generally, or it may be said, exceptionally rough country, re-

quiring further work to make it in a reasonable degree a main highway
for general trafSc.
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Vanhorn Township Road.—Three miles have been cut out, extending
the road into the township south of Dryden.

Wainicright Township Road.—Some three miles of grading on conces-
sion 4, largely on lots '5 and 6.

Wctbigoon- and Dinorwic Road.—The general implt'ove.ment between
Wabigoon and Dinorwic of five miles. A winter road was also cut out south
through the Indian Reservations towards Beaudrois Landing.

Tl elJs Road. In the Township of AVells from between lots 5 and 6,

concession three, west over lots 6, 7 and 8, a mile and a half of ditching
and grading was done through a rough section. Five miles were also gen-
erally repaired from lots 8 and 9, concession 3 westward to lot 2, concession

1, Bridgland, continuing southwesterly to lot 3, concession 5, Kirkwood.

Wehhwood and .\airn Road.—These improvements began at lot 1, con-

cession 6, Hallam, and from thence eastward grubbing and grading to lots

9 and 10, Merritt, with chopping and grubbing over lots 8 and 9, and be-

tween lots T and 8, north, half a mile and west along the town line of

Merritt and Baldwin to lots 1 and 2, altogether five and a half miles.

Worthington and Blue Road.—Two miles of ditching, a mile of grad-

ing, 104 rods of crosBwaying and 92 rods of work in widening the road which
had previously been roughly opened.

Winnipcf) River Road.—A mile of grading between Eat Portage and
37 Iv. mining location.

Zealand Township Road.—About two miles were opened, extending the

main road north from Wabigoon. Many settlers have or are going in and it

is said others intend following.

West Division.

Ardtrea and Washago Road.—The grading and 'gravelling of three

hundred rods south of concession 9, to the north boundai-y of Washago, and
is a continuation of a work begun last year and then known as Muskoka
Eoad, Orillia Township.

Awe Lal-e and Banhury Road.—Three quarters of a mile well graded

on lots 7 and 8 of concessions 5 and 6, Monteith. Broken stone was used

and a very permanent job effected.

Barton Lake and Gurd Townsliip Road.—Beginning at lot 2, concession

15, thence east to the second and third line and thence north to concessions

16 and 17 a mile was graded.

Baxter Township Roads.—Two miles and a half were improved from

lot 31, concession 8 to lot 32, concession 5, the work being grading, under-

brushing and building culverts.

Bethune 5th Side Road.—One hundred and eighty rods were opened

with 50 rods of crosswaying beginning at lot 7, concession 7, Bethune, south-

easterly, and along lot 7 to its southeast corner. The right of way was

arranged by an agreement dated 7th -Tuly, 1904, and recorded.

Berriedale Road.—A work in the Township of Armour from the south-

east corner of lot 19, concessions 12 and 13, east, through a low, swampy
section, the length being one hundred and thirty-two rods.

Beggshoro' Road.—A mile and a quarter of grading from lot 14, con-

cession 13, Mc-Murrich, to lot 10, concession 13, improving a rough section.

Booth Line i?^;^*^.—Beginning at lot 16 and ending on lot 19, conces-

sion 5, Township of Orillia, a mile and a half was generally ditched, grub-

bed and graded.
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Boundary and Fish Lake Road.—This work is between lots 30 and 31,
concession 4, Chaffey, and was the cutting out of half a mile, most of which
was S'raded. Twenty rods of crosswaying is included in the work.

Bridge over Middle River.—A hridpe constructed on lot IT, McKellar,
with a total lencrth of 106 feet, comprised of 3-16 feet spans and main span
of 34 feet with another of 24 feet.

CardweJl 4th Concession Road.—The clearing and grading of one mile
across lots 8 to 12 on the concession mentioned.

Carling Road.—A work from lot 28, concession 4, Curling, extending
northwesterly crossing the 4th concession on lot 29 and ending on lot 32,
concession 6, a mile and a half, one mile of which was a new road opened
and making a way to a steamboat landing. As lots 28 and 29 were patented,
the right of way was secured by agreement.

Christie Tou-nsJiip, loth Side Line Road.—The coninletion of a work
beginning at concession 8 and thence to concession four on or nearly the
15th side line of the Township of Christie, two miles of improvements.
Again in concessions 2, 3 and 4 on the same side line, a mile and three-
quarters of general grading was done.

Chris-tian Vallei/ Road. From the 10(h side line, this work was through
lots 11 and 12, concession 6, Nipissing. A low flat was raised two and a

half feet over 140 rods with ditching.

Dalton and Waxharjo Road.—On lot 10, concession 17, Orillia, and also

on lot 9, a quarter of a mile was thoroughly improved by stone filling and
earth covering, to raise the same above the flooding to which it was subject

to annually.

Deer Lal-e and BaysviUe Road.—A mile and a quarter of work from
the Baysville Eoad at lots 6 and 7, north on the 25th side line to concessions

8 and 9 in the Township of McLean. Three stone culverts were constructed

in connection with the work.

Eaxt River Bridge.—A bridge on lot 20, concession 1, Perry, on the

bounilary between Perry and Chaffey. It spans little East River and is

a pile structure comprised of 3 bents of 4 piles each and 3 inch plank cover-

ing. The municipnlity completed the approaches.

Farley Road Bridge.—A bridge with one span of 38 feet and two spans

of 16 feet each; a cedar structure throughout.

Ges.<^Jer Road.—A work on concession 8. between lots 15 and 16, Town-
ship of Ryerson, opened, grubbed and graded over more than a mile.

Golden Valley and North Road.—"Work in this case was from lot 9,

concession 9, Pringle, extending northeastward to the Korthem Road,

three and a half miles. One and three-quarters of a mile were well graded.

Gordon Bay Road.—From lot 1, concession 4, Conger, and thence in

a northwesterly course to lot 5, concession 6, south of Long Lake, and

thence northerly to Blackstone Lake, three miles were improved and partial-

ly opened, all in the Township of Conger.

Hiin.'^u-orth Township Road.—On the 5th side line through concessions

10 and 11, a mile and a quarter was opened and partly stximped for $200.

On concession 6, from the 5th side line, a road was opened east half a mile,

stumped and graded : and between concessions four and five across lots 27,

28 and 29 half a mile was ditched and graded through a wet clay flat.

Larimer Lahc Road.—From lot 13, concession 5, extending to lot six,

concession 3, two miles were well repaired. The work is in the Township

of Haaerman.
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McDouffall I?oad.—Forty-five rods of crosswaying was laid on lots 10
and 11, concession 4, McDougall, which is a main road through the town-
ship. The municipality spent at the same time about |140 to complete
the necessary work.

Machar 10th Side Line Road.—This work was through a low, swampy
portion, requiring a brush and timber foundation for about 100 rods. The
Ipnc-th altnnpther was a mile and a quarter between concessions 6 and T from
lot o to iui. iu.

Machar 5th Side Line Road.—A mile and a quarter repaired, being on
the boundary between Machar and Strong Townships between lots 17 and 20
through a green bush and marshy land.

Marchar 5th Side Line Road.—A mile and a quarter repaired, being on
the 5th line of Gurd and from near the boundairy of Machar and Cfurd

to the 30th side line.

Magnetawan River Road.—From lot 13 to lot 15 between eonoessious

8 and 9 in the Township of Eyerson, half a mile of work was done in mak-
ing approaches to the swing bridge.

Matchedash Road and Bridpes.—Three bridges were renewed and re-

paired, viz., on concession 4,. Black Eiver, a new bridge was Completed
with a 25 feet span. On lot 3, concession 5, and called "Spencer's Bridge",
a new cedar pier was built and partly filled with stone; and at lot 3, con-

cession 2, on North Eiver and known as Burroughs Bridge, approaches were
filled and further improvements made; and lastly, on the 6th concession,

between lots 6 and 7, substantial repairs were made, including a 34 feet

bridge.

Matchedash Town Line Road.—One mile and three-quarters of work, a

portion being on the 1st and 2nd concession line between Matchedash and
Orillia through a low, clay flat upon which the mvinic;pality spent an equal

sum, and the second on lots 1 and 2, concession '5, where a new road was
cut oixt and well cleaned.

Monck Road.—This expenditure was from Atherly Bridge leading to

Orillia in m^aking an excellent road of crushed stone for a length of two
miles and a half. The municipality is spending §1,800 under the Govern-
ment overseer in order to complete the work.

Morrison Township Roads. Two main roads were improved, one from
Beaver Creek Hill south to Malta P.O., on Muskoka Eoad, and the second
on Kilworthy Eoad, Gravenhurst, altogether a mile and three-quarters of

improvements.

Monteith and Perry Road.—A work from the boundarj- of Perry and
McMurrich, running west on the 10th concession of McMurrich to lot 5,

five miles.

Mills and Wilson Toicnship Road.—This work was completed from the

boundary of Mills and Hardy at lot 28, ending on lot 25, concession 2, a
mile and a quarter. A deviation was made on lot 25 to avoid a steep rocky
hill.

Muskoka Road.—From concession 6, between lots 10 and 11 and sqjith-

westerly to lot 13, concession 4, two miles of improvements were made in

the Township of Muskoka. The municipality furnished a grading machine
and the inspector says excellent work was accomplished.

McMurrich 20th Side Line Road.—Three-quarters of a mile opened from
betweeen concessions 8 and 9, north between lots 20 and 21, and well grub-

bed and arraded.
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North Concession Road, Croft.—Commencing at the northeast corner of

lot 8, and ending at northeast corner of lot 9, Croft, three-quarters of a
mile of excellent repairs were made.

Naiscootyong Bridge.—In the Township of Shawanaga on the north-
west road running between Parry Sound and Byng Inlet a bridge was built

121 feet long, comprised of four spans. Another bridge 70 feet long was
built and some general repairs made.

A'ipissing Township Road.—From between lots 20 and 21, concession

17, south to concession 15, a mile and a quarter was well ditched through a
clay flat with 40 rods of gravelling. More than a mile was also stumped
and graded on the 5th side line through concessions 11 and 12.

North Hinmworth Road.—A mile and a quarter partially opened, grub-
bed and graded between concessions 22 and 23 across lots 20 to 25.

North Road.—The improvement of three-quarters of a mile in the Town-
ship of McKenzio, north of Magnetawan River on what is known as Northern
Road.

Orange. Valley Road.—A work from lot 35, concession 11, Monteith,

southeasterly towards Sequin Falls, three-quarters of a mile long fairly

opened. A further equal length was partially opened in the same direction.

Otter LaJce Narrow Bridge.—This was the raising of a bridge five feet

with 50 feet of new 3-inch planking, with new stringers, and 60 feet of fil-

ling apjjroaches.

Oaldey 4t]i Concession Road.—A well completed work from lot 21, con-

cession 4, Oakley, ending on lot 17 on the east side of Black River—one

mile of new work.

Perry Toirnship Road.—A mile and a half of substantial repairs from
lot 18, east to lot 29, concession 9.

Proudfoot, Concessions 4 and 5, Road.—Beginning at concessions 4 and
5 a new road was opened north on the 15th side line for a mile and a quarter.

Red Bay and Mar Road.—For flOO a heavy hill was cut down and im-

proved on lot 21, concession 1, west of Bury Road on Indian Peninsula in

the County of North Bruce, thereby making a permanent improvement.

River (Draper) Road.—Two miles and a quarter improved from lot 8,

concession 7 to lot 17, concession 8, Draper.

South River Bridge.—In the Township of Machar between concessions

and 7 at lot 5, a bridge was built with a span of 45 feet, and another of

20 feet, upon ten piles as abutments at each end, the full length of work

being 100 feet.

Strong, Ryerson and Armour Road.—From lot 4, concession 12, Ar-

mour, extending northwesterly to the boundary of Armour and Strong

and thence west along said boundary to lot 5 of Chapman two miles and

three-qiuirters were well improved and graded.

Stisted Road.—Beginning at concessions 6 and 7, lot 23, and thence in

a northwesterly direction, concessions 8 and 9, lot 14, Stisted, about two

miles of cutting, clearing, grubbing and grading over a section opened

several years ago by the municipality as a deviation from the original road,

being for prosumablj^ a better road location.

Strong Township Roads.—A work done on lots 1 and 2, between conces-

sions 10 and 11, to the boundary of Chapman, and being half a mile of new
work.

Strong 30th and 31st Side Line Road.—A completed work beginning

a( i-rincpssion 4, north to concession 8, two miles and a half.
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TcUy Ho Road.—Between Maple Lake and Port Cockburn improve-
ments were made over 7 or 8 miles, making the road in a fairly passable
condition from the railway to Muskoka Lakes.

Victoria Road.—Work in this case was from Victoria Bridge near the
boundary of Longford and Digby ending at the town line of Longford and
Oakley, some seven miles. The municipality spent |100 upon the same
work and voluntary labor was given to make road fairly safe for general
traffic. Two miles were also improved from lot 5, concession 10, Garden,
north to lot 16.

West Road.—From a point 40 rods west of the boundary of Hardy and
Patterson, east on the 3rd concession of Patterson, one mile of road was
opened through a bush, grubbed and fairly levelled and with 20 rods of

crosswaying.

Wolf River Bridge.—Almost -?400 were spent in renewing and repairing

two bridges in the Township of Pringle, in Parry Sound District, the chief

one of which was 130 feet long with 34 feet main span entirely renewed on
lot 3, concession 10.

East Divisiox.

Alice Toicnship Roads.—Four portions in this township were worked
upon, one being from lot 4, concession 8, eastward for two miles in repair-

ing the highway. A second work was from lot 22, east for two and a half

miles ; again half a mile was filled in with stone and gravel on lot 2T ; and
lastly, from lot 25, range A, east, half a mile of work was done, including

a bridge erected.

Airy Township Bridge Road.—Some 440 feet of low bridging was done

with two miles of general repairs from lot 18, concession 5, westward.

Amable DuFond Bridge and. Road.—A work consisting of fixing and

reconstruction of piers on the above bridge and grading and repair from lot

21, concession 5, across lots 22, 23, 24 and 25, a mile and three-quarters in

Township of Calvin.

Appleby and Dunnet Town Line Road.—Two miles of work between

lots 1 and 5, including about a quarter of a mile of crosswaying. Twenty
rods of crosswaying was also laid on the 2nd and 3rd concession road and

clearing and grading was done from lot 10, concession 6, Casimer, across

lot 11, half a mile.

Ashdod and Shamrock Road.—About two miles of improvements from

concession 12, east with some stone grading.

BadgeroiL' Township Road.—A mile of grading along Sturgeon River

across concession 5, to lot 2; four ir.iles of general improvements made
from lot 8, concession 3, to lot 11, Caldwell. A bridge was also erected

on lot 15, concession 6, Field, 40 feet long, with three piers, with a mile

and a half of repairs also made between lots 12 and 13, of the Township of

Badgerow.

Bancroft and Maynooth Road.—Some six and a half miles were repair-

ed, three and a half being from lot 6, concession 16, Faraday, westerly,

and in Hershell three miles were improved.

Ba.tsicood Lal-e Road.—From the west side of lot 1, concesison 6, Day,

southeast to Mississaga Eiver over three-quarters of a mile were put into

good condition, the work being largely ciilverts which to the number of

thirty were put in.
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Bancroft Bridge.—A structure in the Tillage of Bancroft on the main
road erertcfl upon 32 cedar piles and with a total length of one hundred
and twenty-nine feet.

Battersea and Bass Lal;e Road.—From lot 23, concession 10, Storriug-

ton, westward two miles of general repairs; and from lot 13, concession

10, north one mile of improvements.

Bell's Rapids Road.—In the Township of Bangor from lot 15, conces-

sion 8, northward, two miles of excellent repairs were made with drainage
and culverts.

Blue Sea Road.—Between the Townships of Chisholm and Boulter,

from lot 1 and nearly across to lot 3, three-quarters of a mile was opened.

BonfielJ Roads.—Several portions of roads received repairs, viz., from
lot 4, concession 9, grading across lots 2 and 3 and front of lot 1, three-

(|uarters of a mile of work. Between lots 5 and 6, gravel was laid over

twenty-six rods. From lot 15, concession 10, about three-quarters of a mile

of grubhing over lots 13 and 14; and from lot 1, concession 1, Chisholm,
across lot 2, ditches were opened and grading done for aboiit half a mile.

Bonfield and Lachnpelle Road.—Repairs from Bontield Station side

line 10 and 11, concession 10, for half a mile; thence across lots 11, 12 and
13, altogether a mile and a quarter of good general grading.

Bohcaygeon Road.—Eighteen miles of general repairs were made on
this main highway, four being from the east boundarv of Galway, south

and the remaining fourteen miles from lot 17, concession A, Hindon, to

lot 2, concession A, Eidout, making the road fairly good for the ordinary
traffic, which passes over it.

Boulter Road.—Three-quarters of a mile graded across lots 31 to 35,

inclusive, of concessions 13 and 14 in Boulter Township.

Bowles and Shannon Road.—Eepairs of two miles were made in the

Township of Storrington from lot 17 eastward.

Brndnell and KiUaloc Road.--¥o\iT miles of work from the 16th conces-

sion, Brudnell, towards Killaloc; and from lot 29, range B, north, two
and a half miles were also repaired.

Brovghan Toivnship Roads.—From the Tillage of D'Acre south for

four miles general repairs were made. A rough section was repaired from
lot 16 west a mile and a half; and again from D'Arce to Lane's Corners,

six miles were repaired.

Britdenrll Township Roads.—A bridge 143 feet long was built and half

a mile of repairs made from lot 17, concession 8, and half a mile of road

was opened from lot 1, concession 12, north on the town line between Brude-

nell and South Algona.

Buchhorn Roads.—Twenty-three miles of general repairs were made
from Hall's Bridge on the Otonabee River north to the boundary between

Cavendish and Glamorgan.

Byrne Line Road.—The repairs of a bridge built some eight years ago

and damaged by ice jams.

Burleigh Road.—This expenditure was for permanently making two

and a half oiiles over what is known as Burleigh rocks. The work was from
Burleigh' Bridge in Harvey for a mile and a half and thence north into

Burleigh to the line between lots 7 and 8 of the first concession, and cover-

ing altogether five miles.

Calvin Roads.—"NTork from concession 5, on 9 and 10 side line of Calvin

and was half a mile of crosswaying and ballasting.
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Caldwell Township Roads.—Two miles of grading with a grader from
coneession 4, between lots 8 and 9, Caldwell, to lot 3, and from concession
1, between lots 8 and 9 to concession 3, another two miles were graded.

Caldirell and Badgerow Road.—From the centre of concession 5, be-
tween lots 8 and 9, Caldwell, to centre of concession 1, Badgerow, about
a mile of work was done, including some 300 rods of crosswaying. Forty-
three days of gratuitous labor was given, the inspector says, by the settlers.

Cameron Township Road.—From last year's work grading was done on
lots 24 and 25, representing about two miles. Three-quarters of a mile of
grading was etfected from lot 11, concession 22, across lots 10, 9 and 8, mak-
ing a good road.

Cavan Road.—A work on the 13th concession of Monaghan from the
boundary line soxith to the main gravelled road, two and a half miles.

Cordova Road.—Three-quarters of a mile of grading with broken stone
and another half mile also improved. Again in the County of Hastings,
work was done from lot IT, concession 3, Marmora, in a northwesterly' direc-

tion through some four miles, all leading into Cordova Mine.

Capreol and Hanmer Road.—A work from concession 1, between lots 8
and 9 and from the centre of concession 2, altogether a mile of grading.

Cassimir and McPherson Road.—Between the Townships of Kirkpatrick
and McPherson from lot 11, grading, stumping and grubbing across lot 12,
and lot one in Dunnet with some blasting of rock for drainage, representing
three-quarters of a mile of new work.

Cavendish Roads.—From lot 17, concession 12, to lot 14, and from lot

18, north, a mile and a half of substantial improvements were made in grad-
ing, making culverts covering crosswaj's and brushing.

Chemong Lake Road.—Three miles of repairs from what is called "The
Cross", east one mile and thence south to Chemong Lake.

Chisholm Roads.—Five sections were improved, aggregating nearly four

miles. The first section was in the 12th concession where half a mile was
graded on lot 12 and another half mile across lots 13 and 14 with brushing
and clearing over lots 15, 16 and 17, representing a mile and three-quarters

of work. A second section consisted of half a mile in clearing and cross-

waying between lots 14 and 15 in the 9th concession. Another work was
a quarter of a mile of repairs in grading from lot 5, concession 13, towards
concession 12, over a very rough section. Three-quarters of a mile also

repaired over lots 14, 15 and 16, with another half mile on the 10th side

line on concession 8, towards the 10th concession.

Clarendon and Mississippi Road.—Two miles of work upon the above
road from lot 6, concession 9, southward.

Corbeil Road.—A work from concession 4, between lots 7 and 8, Dunnet,
grading half a mile towards concession 3, which was cleared and stumped
last year.

Cordova Road.—A heavy coat of broken stone over three-quarters of a

mile from near Havilock east. Half a mile was also well covered upon
sandj- soil leading to Cordova Mine, and the inspector says the road is now
in fairly good shape. Also from lot 17, concession 3, Marmora, northwest-
erly, four miles of repairs and improvements were made over a rough section

of country.

Cosby Township Roads.—Between Cosby and Martland, from concession

2 to concession 3, about a mile was graded and on lot 12, concession 2, a

quarter of a mile. Again on the boundary between Mason and Cosby, from
lot 4 to concession 5, a mile was opened and stumped.
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Dalhousie Bridge.—Repairs of a structure in the Township of Dalhousie,
making a vers' permanent job.

Desert Road.—A work from lot 27, concession 3, across lots 28, 29 and
30, three-quarters of a mile of repairs in Dunnet.

Desert Road.—In the Township of Loughboro' from lot T, concession
14, south two miles and from lot 7, concession 13, east, another two miles
were improved and said to be in good condition.

Dalton and Garden Roads.—On what is known as Kirkfield Roads lead-

ing from Kirkfield to Sebright, two miles of general improvements were
made from concession 3, Garden, westward. The sum of §150 was spent
upon ilouck Road in Dalton. From Sebright, east, a mile and a half of

grading was done; and .?150 spent from ilonck Road, south to the boundary
of Garden, between lots 20 and 21, Dalton, over a mile and a half, or alto-

gether four miles and a half of substantial improvements.

Desermont Road-—A work from concession 1, Field, between lots 1

and 2 repairing half a mile with another half mile of crosswaying, stumping
and grading on concession 3.

Douro Road.—This is a main and only direct highway in Douro, be-

tween the Villages of Keene and Lakefield, a length of about 14 miles.
The chief work was upon a steep and heavy hill on lot 7, concession 6, which
was unfit for traffic, but now with a grant of ^100 from the municipality
is in good form and the whole road now in a generally good condition.

Dummer Township Road.—A mile and a half of substantial repairs upon
the rood from Norwood to Stony Lake, from lot 23, concession 9, north.

Dunnet Concession 3 Road.—Work was commenced at lot 7, concession

3, and brushed across t?o lot 6, about half a mile.

Eldon 3rd Quarter Line Road.—About a quarter of a mile of repairs
were effected on 5 and 6, concession line, completing a work begun about
three years ago.

Eganville and Lake Clear Road.—From lot 17, east two and a half
miles were made in the Township of Sebastopol.

Ferris Township Roads.—Three miles and a quarter of improvements
namely : From Vase Greek Bridge, lot 35, concession 13, Ferris, three miles
of grading and repairing to concession 10; with a quarter of a mile of blast-

ing and grading on lot 24, concession 2.

Ferris Road.—A mile of work from lot 20, concession 8, to side line

between lots 14 and 15. A bridge was also repaired between lots 18 and 19,

concession 8. A drain was also opened from lot 19, concession 8, for a

length of half a mile to concession 7, all in the Township of Ferris.

Field Road.—From Field Bridge, concession 5, across lots 14 and 15,

stumping was done across lots 12 and 13 a mile and a quarter. In the
Townships of Field and Springer from lot 4, concession 4, Field, on the
Cache Bay Road, eight miles of repairs were made:

French and Gully Road.—About four miles of repairs from lot 1,

"French Line", Cavendish, south, 3 miles and on what is known as Gully
Road, one mile.

Galway Roads. vSome ten miles of repairs and improvements were made
in the Township of Galway, namely, four miles from Bobcaygeon Road
betvreen lots 12 and 13, east to lot 18, and from between lots 10 and 11,

west to lot 21, four miles and a half with almost two miles of general re-

pairs.

Garson and Neelon Road.—From the centre of lot 11. concession 2.

grading was done across lot 10 in Garson, half a mile. A quarter of a mile
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was also graded between lots 8 and 9, concession 2, with the hrushinj? and
stumpinn- across lots 9 and 10, between concessions 1 and 2, iu Neelon
Township.

Gibbons Township Road.—The grading across lot 11, concession 2, half
a mile and across lots 8, 9 and 10, concession 3, about 2 miles. Across lots

5, 6, 7, concession 2, in the same township three-quarters of a mile of re-

pairs were made.

Gauthier Road.—In the Township of Ferris from the 14 and 15 line

repairs were made across lots 15, 16 and IT in the 6th concession.

Green Bay Road.—A road in the Township of Bedford, the work be-

ginning at lot 13, concession 5, and thence eastward for a length of a mile
and three-quarters of practically new work through a low swampy portion.

Griffith Road.—Four miles of general work froni lot 34, concession 6,

Griffith, westward. Six culverts were constructed and stone used largely

in making repairs.

Hagart;/ Township Road.—A mile of road was opened from lot 35, con-

cession 8, south, and two miles repaired on the 16th concession from lot

21, east. Again on the 4th concession from lot 14, west, two and a half

miles were well improved.

Harvey 28th and 29th Road.—This work is from Bobcaygeon Road,

east to Xogie's Creek Road in the Township of Harvey and substantially

improved over two and a half miles. Half a mile was also opened on con-

cession 18 between lots 24 and 25.

Hanmer Township Road.—^A mile of grading and crosswaying from lot

13 of Capreol and concession 20 of Hanmer across lot 1, and on lots 2 and

3. Also from lot 4, concession 2, Hanmer, a mile was brushed and stumped

across lots 5 and 6 with some crosswaying on lot 7.

Hastings Road.—From about a mile north of Mdynooth, three miles

were improved southerly.

Hinchinhroohe Roctd.—A mile of road opened from lot 24, concession

5, Hinchinbrooke, south, and reported as of much benefit to many settlers.

Hugel and Badgerow Road.—Improvements from concession 2 to con-

cession 5, about two miles and a half.

Hugel, Concession 3, Road.—Three-quarters of a mile, graded from lot

3, concession 4, across lots 4 and 5, with another mile from concession

between lots 11 and 12, concession 2.

Hurtubise Road.—The clearing and grading from centre of lot 10, con-

cession 4, across lot 11 in the Township of Field and which, with crossway-

ing, represents three-quarters of a mile of improvements.

Iron Mine Road.—Ahoui eight miles of general grading and repairs

were made in the Township of Lutterworth, beginning between lots 3 and 4,

concession A, and from thence northeasterly to lot 16, concession 7.

Island Road (Stanhope).—YTom Peterson Road northerly on the_liue

between lots 5 and 6. Stanhope, and continuing to lot 9, concession 7, at

"Hairs Lake", thence northwesterly around lake to lot 15, concession 9,

about ten miles were repaired.

Jonex Falls and Morton Road.—Yrom the Kingston Road, lot 3, con-

cession 4, Crosby, westward, two miles of clearing, grading and gravelling

were done and reported as a very satisfactory work.

Jervais Road.—One mile of road opened from lot 24, east, through a

wet swamp in Grattan.

o
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KeenenviUe Road.—The repair of three miles from lot 23, concession
12, south.

Kirkpatrick Roads.—The blasting' and opening- across lots 11 and 12,
concession 2, Caldwell, and across lots one to four, inclusive, in the Town-
ship of Kirkpatrick, representing three miles of improvements. A quarter
of a mile was also graded between Dunnet and Kirkpatrick, and from lot 1,

concession 4, and to lot 7, concession 5, three miles were repaired.

Larochelle Road.—A work on the 10th side line of Chisholm, amount-
ing to half a mile of stumping and logging.

Laxton 4th Concession Road.—On the boundary between Laxton and
Bexley, north, to Monck Road, three miles were satisfactorily repaired.

Lonsdale and Bridgewatcr Road.—A road running north and south
through the Township of Hungerford. The work was from lot 19, conces-
sion 9, southward, making four miles of repairs.

Lutterworth Roads.—The main road through the township was improv-
ed over a "length of ten miles from lot 36, concession A, southward to lot 24,
concession 6.

Loughboro' 3rd Concession Road.—From the centre of lot 7, conces-
sion 3, two miles were gravelleil to lot 11. Settlers gave ten days' work
with teams to assist in the improvement of the road.

Marlbanh Road.—A work between the Townships of Hungerford and
Sheffield, repairs being made from lot 34, concession 8, northward a mile
and a half and genarally gravelled.

McGeari/'s Creel- Bridge.—A structure on lot 8, concession 10, Her-
schell, to open a highway into a settlement west of Hastings Road.

Mattawa and Calvin Road.—In the Township of Papineau from lot

15, range B, across lots 13 and 14, substantial improvements were made
in grading and draining about one mile. Again in the Township of Mat-
tawa, from lot 1, range A, across lots 2, 3, 4 and 5, a mile of general repairs

were made.

Mattawa and Pemhrohe Road.—A bridge was repaired over Grant's
Creek in the Township of Head about a mile and a half north of Thomcliffe.
Six miles of the road were also repaired up to and near Bissett's Creek.

Mattawa and Temiscaminguc Road.—A work from lot 31, concession

7, repairing to lot 25, concession 8, a mile and a half.

Martland (2 and 3) Township Road.—Half a mile of grading from
centre of lot 4, concession 2, Cosby, to lot 5.

Mattawan Township Roads.—From lot 6 across lots 33, 34 and 35, three-

quarters of a mile of grading, and from lot 28, concession 10, to lot 30, and
largely across lot 31, another half mile was graded.

Mattawatchan Road.—A bridge 75 feet long, comprised of two spans,

was erected and two miles and a quarter of road improved by grading and
drainage over the only main government road in the township.

Mines Road (Grattan).—From lot 17, Grattan, northward for a length

of three and a half miles general repairs were made. The Mining company
interested spent almost an equal sum upon the same road.

MoncJc Road.—Three miles and a half of work from lot 33, concession

10 of Monmouth, westerly to lot 25, concession 8, being a deviation from

a point known as "Devil's Elbow", to Smith's Road near Poverty Lake,

and leading to Wilberforce Station on the Iron, Bancroft and Ottawa Rail-

way. It is reported as an improvement, shortening the road considerably,

and in the Township of Glamorgan four miles of work from the Monck Road
north on the Buckhorn Road.
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Monett Ro.id.—In the Townships of Martland and Haddo, but chiefly
in the former township, in concessions 3 and 6 and generally on lots 6 and
7, four miles were improved to give access to settlers in Haddo Township.

Mountain Grove Swamp Road.—Work was begun on Frontenac Road
at lot IG, concession 4, and continued south a mile and three-quarters to

Mountain Grove Village, opening a cheap but necessary road.

Mud hake Narrow/,. Bridge and Road.—A bridge built many j-ears ago
in the Township of Garden was repaired. Also in the Township of Ennis-
more. from lot 1, concession 3, a mile and a half of gravelling and grading
was done.

McCamhridge Road.—On Calvin Township Road and on side line 25,
concession 1 to concession 2, a quarter of a mile was graded.

Monogue Road.—Some two and a half miles of repairs were made upon
milk and cheese factory roads in the Township of Chandos, the chief indus-
tries in that locality.

McCarth}) Road.—In the Township of Papineau a mile of clearing and
stiimping across lots 25 and 28, inclusive, on the 13th concession. By
gratuitous labor, the inspector says, another mile was opened.

McPhcr.'fon and Loudon Road.—A work from concession 6, between lots

7 and 8, McPhcrson, angling across lot 7 to concession 4, and with grading
on the 5th concession and stumping and brushing to the 3rd concession,

represents oiie and three-quarter miles of useful work.

North Shore Road.—From the railway crossing, between lots 14 and
15, half a mile was graded upon a road of the same name in the Township
of Loughboro'. Two miles were improved from lot 19, concession 9, east-

ward.

Sorth Baji and Widdificid Road.—An expenditiire upon the li7ie be-

tween lots 19 and 20 from concession A across concession 1, a mile in length
cleared and stumped.

North Harret/ Roads.—Twenty miles of repairs were made from con-

cession 1, westerly to Buckhorn, thence north and west to Nogies Creek,

all on a main highway from Bobcaygeon to Burleigh Falls.

Nosbonsing and Corbdis Road.—A work from the side line between
lots 14 and 15 of Ferris, grading portions of concessions 4 and 5, and with

drains covering a length of three-quarters of a mile.

Otter Lake Road.—Repairs over two and a half miles in the Township
of Loughboro', from lot 8, concession 12, sonth. Excellent work is

reported.

OaJc Lake Road.—In this instance work was begun at lot 6, concession

4, Methuen, and continued north to Twin Lake, three miles. Again from
lot 31, concession 5, in same township, southward, three miles and a half

were worked over.

Opinicon and Deer Bag Road.—Two miles of improvements.

Papineau Township Roads.—A heavy hill was cut down for half a mile,

and three-quarters of a mile of grading in addition. A mile was also im-

proved on the 15th concession across lots 22 to 25, inclusive. Grading and

draining was effected on concession 10, across lots 15, 16 and 17, for a mile,

and three-quarters of a mile of grading was done on the side line between

lots 25 and 26 of concessions 11 and 12.

Perrault Settlement and D'Arcij Road.—There were four miles of repairs

made on this road in Grattan Township.

Peterson Road.—From abo\it two miles north of Haliburton, lot 10,

concession 18, Dvsart, work was continued north to Peterson Road, and
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thence west two miles, making altogether five miles of improvements. Also
on a section known as the llockingham and Combermere Road, about four
miles were improved.

Quecux Line I'liml.—Throe miles of repairs and half a mile of new
road opened, beg-ining between lots 8 and 9, concession 16, Galway, south
to concession 14, and again from lot 5, concession 14 to lot 11.

Raglan and Lyndoch Riiadx.—Repairs over three miles from lot 11,

northward, in the Township of Lyndoch, and from lot 32, concession 13,

Raglan, east, one mile was improved l)y heavy timber filling.

Racicot's Road.—In Lauder Township, from concession 11, between

lots 25 and 26, ditches were cleaned for three-quarters of a mile.

Ratcliffc and Carloy Road.—A work from lot 4, concession 3, south,

two miles in the Township of Ratcliffe.

Ralph, Buchanan and Wylie Road.—Work was done over three and a
half miles from lot 27, range 5, including two bridges of 23 and 16 feet

each. Again, from lot 44, south, a mile and a half of road was opened,
while from lot 5, between Rolph and Buchanan nortli, two miles of general
improvements were made, putting a very bad road into a generally good
condition.

Ratter Roads.—Two miles of improvements from concession 3, west
to and across lots 5 and 6, including the building of a culvert. A mile and
a quarter was also graded from lot 5, concession 3, across lots 6, 7 and 8,

Kirkpatrick, and a round timber bridge 46 feet long built.

Reid Roads.—From lot 3, concession 16, Galway, east to lot 17, thence
south to concession 14, and thence east to lot 30, about eight miles of repairs

were made.

Ross TownsJiip Roads.—In the Township of Ross, from concession 2,

between lots 22 and 23, south, three miles were repaired with 5 culverts.

Round Lake Road.—A work from lot 11, concession 9, Belmont, north-

ward, a mile and a quarter.

St. Charles Road.—A work on the town line between Appleby and Dun-
net, consisting of general grading from lot 6 of Cassimir and lot 12, Dun-
net, three-quarters of a mile towards concession 2. Gratuitous labor was
given, the inspector says, to make the roads passable.

SebastopoJ Township Roads.—Two miles of work was done from lot 6,

west, and a mile from lot B, concession 12, west.

Sherwood and Jones Township Roads.—Two miles improved from lot

14, concession 2, Township of Jones, north, with 6 culverts and a large

quantity of stone.

Sand;/ Lake and Buckhorn Road.—This highway is from Buckhorn to

Gannon's Narrows and was repaired over five miles of its length from Buck-

horn, westerly to Sandy Lake.

Sarios Road.—In the Township of Hugel a bridge 20 feet long was
covered with cedar and a quarter of a mile graded across lots 1 and 2.

Sharhot Like and Cross Lake Road.—From lot 16, concession 3, Oso,

northward, a mile and a half was opened through a low swampy portion,

requiring a mile of crosswaying, the material for which was given as under-

stood free of charge by the overseer. Again between the To^vHships of Oso

and Olden, from lots 3 and 4, east, three miles were generally improved.

Silver Lake and Burnt River Road.—Froin Silver Lake, north seven

miles were well improved leading into Galway.

Sprinrjer Township Roads.—Four sections received improvements, am-

ounting to over seven miles, viz., a mile of grading from concession 5, be-

4 p.w.
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tween lots 6 and 7, to concession 4, a quarter of a mile from lot 7, concession
5, across lots 7 and 8; a bridge repaired on concession 4 between lots 8 and
9; repairs and drainage on concession 2, between lots 4 and 5, concession 4,
amounting to two miles; and three miles and a half of gravelling and re-

pairs from lot 1, concession 5, across lot 2, and from concession 5 to con-
cession 2.

Squaiv River Road.—From lot 21, concession 14, north to lot 30, con-
cession 12, five miles, and from lot 32 to lot 31 in a northerly course, three
miles of general repairs.

South Alfiona Road.—Half a mile of gravelling in the 1st concession
of South Algona and on the South Algona and Killaloe Road in the same
township, from lot 11, concession 8, west, three-quarters of a mile was
opened, putting the road on the concession line.

Sudbury Road.—Grading and general work was done from concession

2, between lots 7 and 8, Township of McKim, to concession 1, between lots

6 and 7, a length of a mile and a quarter.

Sudbury and Rayside Road.—Repairs, including drainage and culverts

from lot 9, concession 4, McKim, westward toward Rayside on the main
road in the district, amounting to three and a half miles.

Sudbury and Blezard Road.—Grading and repairing from concession

6, between lots 8 and 9, for half a mile towards concession 5, with half a

mile of ballasting over a crossway and with other repairs to concession 2,

represents about four miles of substantial work.

Somerville, Conces.noris 8 and 9, Road.—This work was done on what
is called Finlan Road, running, east to Bobcaygeon Road, representing

some 40 rods of deviation to avoid rocky hills, covering the same for a mile.

On the Somerville side line a mile of work was done between concessions

2 and 3 with another quarter mile of repairs.

Trout Lal-e Road.—A mile and a half of road was ^opened from the side

line between lots 14 and 15 through concessions 14 and 15 and across lots

13, 14 and 15, on concession 15, Ferris.

Temiscamingue Roads.—The works in this district and representing

about ninety-six miles are as follows : Four miles on the town line of

Chamberlain and Pecaud from White River, west, White River bridge

erected over the south branch on the boundary between Marter and Evan-
turel at lot 10, 80 feet long with approaches and costing about $750. A
road between lots 4 and 5, concessions 3 and 4, Harris, to concessions '5 and
6. Repairs on "West Road" from the town line of Kearns and Armstrong
to concessions 3 and 4, Armstrong, a mile and a half of grading, with an-

other mile up to concession 5. Between lots 6 and 7 of Bucke and Dymond,
through concession 1 of the latter township and concessions 4, 5 and 6 of

Bucke, stumping, ditching and other work was done to make a winter road

to Haileybury. In the Township of Evanturel three-quarters of a mile of

ditching from between concessions 1 and 2, south across boundary into

concession 6, Armstrong, with two miles of grading and rounding of the

same road through concessions 4. 5 and 6 of Evanturel. Between lots 6

and 7, Bucke, in concessions 4 and 5, a road was opened and made passable

to Haileybury. Two miles and a half were opened and ditched between

concessions 3 and 4 from lot 3, eastward to the main road between lots 8

and 9, with a mile of grading in concessions 3 and 4 on the said main road.

From concession 4, Hudson, .between lots 2 and 3 to boundary of Kearns,

and thence west to line between lots 3 and 4, three miles and a half of im-

provements were made. Two and a half miles nf filling and repairs on

Haileybury and Liskeard Road to Dickson's Creek. On the 3rd and 4th

4n P.w
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concession line of Bucke between lots 7 and 4, a mile of repairs. In addi-
tion to the above work and aggiegatin<T about twenty-two miles, the fol-

lowing contracts were let and completed :. Q) Along the line between con-
cessions 4 and 5 of Firstbrooke from eastern boundary to line between lots

6 and T, three miles opened in cutting and logging at ?!220 per mile. (2)

Between Evanturel and Marter from the line between lots 6 and 7, west to

boundary of Marter, three miles of cutting and logging at $200 per mile.

(3) Along the eastern boundary of Chamberlain from southern limit of

township to line between concessions 3 and 4, three miles at .?200 per mile.

(4) On the lino between concessions 4 and 5, Kearns and Henwood, from
between lots 8 and 9, Kearns, to line between lots 6 and 7, Henwood, five

miles were cut otit and logged at I?275 per mile. (5) Between concessions
3 and 4, Beauchamp, from eastern boundary to lots 6 and 7, three miles
were opened at f275 per mile. (6) Along the eastern boundarv of Chamber-
lain from front of concession 4, north to town line of Pacaud to east limit

of Marquis, and thence north on said east limit to Round Lake, fifteen

miles at .f3.50 per mile. (7) Bridging ravines at Round Lake at lots 2 and
3, on town line between Chamberlain and Pacaud and north on last named
line between Pacaud and Marquis and upon which about -fLQSS were spent.

(8) Three miles of stumping ami grubbing between lots 6 and 7, Evanturel,
from the 3rd and 4th concession, north to the south boundary of Marter
at the price of f350 per mile. (9) Between Evanturel and Marter from lots

6 and 7, east to boundary of Chamberlain, thence along southei-n boundary
to front of concession 4, to lots 2 aiid 3, thence along line to south part of

Pacaud. ('10') Six miles f)f grubbiufr and grading along the south bound-
ary of Pacaud from east to west at ^2-')0 per mile. (11) On the west bound-
ary of Pacaud, through its length of six miles the road was stumped and
graded for .1^255 per mile. (12) Three miles were opened in Evanturel,

eight miles in Dack and eight miles between Dack and Robillard. Savard
and Chamberlain, opening a road to Pacaud and Marquis townships and
representing nineteen miles opened at the contract price of $400 per mile, a

part of which was paid for last year. (13) Three miles were cleared be-

tween lots 6 and 7. Evanturel, from concessions 3 and 4, north to Marter.

(14) Stumping and grading on line between the 3rd and 4th concessions

of Beauchamp from e.nstem boundary' to the line between lots 6 and 7, three

miles at $400 per mile.' (15) In the Township of Kearns two miles were
stumped and grvibbed between concessions 4 and 5 from between lots 8 and
9 to the east boundarv of Hen\yood. (16) Stumping and grading was done

on the line between concessions 4 and 5 of Firstbrooke from eastern bound-

ary to the line between lots fi and 7, three miles for i?300 per mile. (17)

On the 4th and 6th concession line of Henwood from eastern boundary
to the line between lots 6 and 7, two miles and a half were opened at a cost

of 1744.

Tay and Matchedaah Road.—On the town line of Matchedash and Tay
a mile and one-eighth of grading and stumping with a grading machine
used through lots 7, 8 and 9.

Verner and Badgerow Road.—The grading and repairing of a mile from

concession 2, between lots 11 and 12, Badgerow, to concession 3. A mile

and a quarter was also brushed 40 feet wide and stumped ready for grading;

this latter work being from concession 3 between lots 7 and 8 to concession

4, and includes 640 feet of a log bridge. Yerner Road, leading south to

Lake ISTipissing, is from concession 1, Caldwell, between lots 8 and 9 to

concession B, thence across lots 9 and 10 between A and B, two miles of

good work was effected.
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VaziiKi Road.—Grading across lots 14 and 15, concession 2, Bastedo,

tliree-quarterse of a mile and ditching across lots 4 and 5 and part of 6 for

a mile and a quarter.

Victoria Road.—From lot 5, concession 10, north to lot 16, in the Town-
ship of Garden, ahout tive miles were repaired. This road is the only road

north into the Township of Longford and beyond.

Warren and MartJand Roads.—One work was from concession 2, be-

tween Martland and Cosby, three-quarters of a mile to concession 1, with

a quarter of a mile opened to reach the Township of Mason. On the same
town line a mile was crosswayed on the 4th concession. Between lots 7 and
8 across lot 7 and part of lot 6, concession 2, three-quarters of a mile was
opened with drainage; also from lot 12, concession 2, Martland, to lot 7,

a trestle was built and two miles of repairs made. Lastly, in Cosby Town-
ship work was from lot 1, concession 2, across lots 2 and 3, three-quarters

of a mile.

Warreii and Sudhiiri/ Road.—The building and repair of two bridges
with other work from lot 8, concession 3, Neelon, across lots 9, 10 and 11.

Warren and Hugel Road.—A mile of clearing and grading on conces-

sion 2, Hugel, from lot 8 to lot 7, and further improvements.

TFe.<f Arm Bridge Approaches.—This work is on the town line between
Cassimir and Jennings, half a mile in length with a culvert on lot 1, con-

cession 3. A bridge was built on lot 1, concession 4, McPherson, in 1903,

but not completed, but now finished at a cost of about ^100.

Widdifield Roads.—Grading from concession B, between lots 22 and
23 across concession A, concession 1 and into concession 2, altogether two
and three-quarter miles improved with a grading machine. Again from lot

9, concession 5, across lots 7 and 8 to the Temiscaming Railway, a mile
was opened. On concession 5, across lots 7 and 8 to the Temiscaming Rail-
way on lot 6 of the last mentioned township, about forty rods from lot 7
and running east to lot 1, concession 4, and again to the railway, altogether

a mile and three-quarters were opened.

Wilno and Combermere Road.—Repairs over about ten miles between
Wilno and Rockingham.

Wilhcrforce and A'orth Algona Road.—Prom the town line between
Wilberforce and North Algona, east for two miles and a half, general re-

pairs were made, and on the town line of the above townships from lot 1,

concession 8, south, two miles were repaired.

»

The details of expenditure are as follows:—

•

Department
Name of Work. Expenditure

East Division

Alice Roads § 340 00

Alice and Wilberforce Road 291 05

Alice 8th Con. Road 152 40

Amable Du Tond Bridge 401 05

Airy Township Road 300 76

Appleby and Dunnett Road 90 00

Appleby Road 199 60

Arden and Harlon Road 200 00

Appleby Con. 2 Road 100 00

Appleby Road (Crosswaying) . . . .,
105 00

Asbdad and Shamrock Road S 200 25

Ardoch Bridge, balance 33 24

Badgerow Township Road. 1st Section 150 41

Badgerow Township Road, 2nd Section 147 65

Bancroft Bridge ' 255 67

Bancroft and Maynooth Road 300 00

Bridge North of Maynooth 100 55
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Xame of Work
East Divisiof—Continued

.

Barry's Bay and Combermere Road
Bridge on SiroiB Road
Battersea and Bass Lake Road
Beaudoiu Road ,. . .

,

Blue Sea Road
Bobcaygeon Road N. of Peterson

,

Bonfield Main Road
Bcnfield Lake Road
Blackdonald Mining Road
BonfieUl and Lacharelle Road. East
Bonfleld and Lacbapelle Road, North
B.>uUer Road
Bridge on Dowler's Creek
Bowles and Shannon Road
Bancroft and Deer Lake Road
Brougham Township. West Mountain Road
Brougham Township, Mountain and D'Acrc Road
Booth Road. Anstruther
Brudenell Township (Killaloe and Brudenell) ...

Brudcnel! Township Bridge at McLaughlin's
Bobcaygeon Road
Brudenell and Killaloe Road
Buckhorn Road
Bells' Rapids Road
Byrnes' Line Bridge

Burleigh Road, near Apsley
Bnrlcitrh Rord. Sonfh
Bromley Township Road
Basinet Road
Bells' Bridge, balance
Blezard Road, balance
Chemong Lake Road
Caldwell and Badgerow Road
Corbeille's Road .•• '

Calvin Con. 2 Road
Calvin. Lots 9 and 10

Cimeron Township, Con. 24 and 25

Cameron Township. Side Line

Caldwell Township Road ,

Cordova Road
Cassimer and McPherson Road
Cipreol and Hanmer
Ca'-endish Road
CaldweU. Con. 3 and 4 Road
Cavan Road
Clarendon and Sharbot Lake Road
Chisholm Road, balance. 1903.

Chisholm Township. 10 S. Line Road
do 20 Con. R.T^d

do 12 Con. Road
do 5th 8. Line Road
d-> 15 S. Line

Clarendon and Mississippi Road
Central Road "T.ohoro"

Combermere and Maynooth Bridge '

Coshy Township Road. 1st Section

Cosby Township Road. 2nd Section

Desert Road
Dalhousie Bridge
Dunnett. Con. 3 Road '

Dalton and Carden, (from Sebright) Roads

Dalton and Carden. South Road
Dalton .nnd Carden. in Carden Roads

Desert Lake Road. 1st Section '

Desert Lake Road. 2nd Section

Dummer Township Road -.-

DepHrtment
E.vponditure
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Niime ol' Wt)rk
East Division— Cimdnuerf

Deer River Bridge, balance
Dunnett, Con. 3 Road
Douro Road
Deaormeiu Road
Eldi>n, 3rd Qtr. Line Road .

.

Eighth Line Road. haUance
Ferris Township Drain
Ferris and Cbisholm Road
Ferris Township, Vasa Creek
Ferris Towiisliip, Bonlield and Nosbonsinu'

Field Township Road. Ist Section

Fie'd Township Road, 2nd Section

French and Gully Line Road
Ferris. Con. 8 and 9

French River Valley Road
Ferris and Widdiiield Road
Freeman's Mill, balance

Oarson Road
Gratton Mining Road
Ouerin Road
Gauthier Road
Garson and Neelon Road. 1st Section . .

.

C,b.,,jD and -Veelon Road, 2nd Section ...

Gibbon's Township Road, 1st Section

Gibbon's Township Road, 2nd Section

Green B:iy Road
Griffith Road
Oalway Road
Hagarty, Con. 4 Road, balance

Hag.arty Road, balance . . . ,

Hagirty Township, Opeongo Road
Hagarty Township, 12 Con. Road
Hag.ir y Township, 16 Con. Road
Hinohinbrooke Ro.ad

Hanmer Township, let Section

Hanmer Township, 2nd Section

Hastings Road
Harvey. 28 and 29 Road
Hugel and Badgerow Road
Hu'el, Con. 3 Road, Ist Section

Hugel, Con. 3 Road, 2nd Section

Hurtlbiie Road
Iron Mine Road, Lutterworth

Tsland Road, Stanhope
Inspection

Ipspecti'^n, balances

Jones' Falls and Morton Road .

.

Jervais Road
Jones' Falls and Battersea Road, balance

Tvcenanville Road
Tv irkpatrick. Con. 3 Road
Kirkpatrick Road. 1st Section

Kirkpatrick Road. 2nd Section . ..

Lanark and Darling Road
L-tvant and Playfair Road
Lutterworth Roads
Laxton, Con. 4 Road
Loboro, 3 Con. Road
Loudon and Caldwell Road
Lonsdale and Bridgewater Road
Lefleur Road
LooTting Roads
Leeds and Pittsburg Road
Larochelle Road
Lavant Road, balance

Mud Lake Bridge Road

eparttneut
xpenditure

:•; 28.00

200 OS

302 87

201 36

524 00

30 00

500 00

200 00

297 23

202 15

201 10

180 00

333 62

310 00

50 00

90 00

40 60

57 05

50 10

50 00

208 79

50 25

201 20

202 75

200 00

199 10

209 14

275 00

330 50

55 30

26 25

201 50

305 50

203 50

200 56

180 00

201 78

305 51

195 20

250 00

200 60

200 07

202 04

200 03

199 50

3,825 10

764 10

250 00

207 2rt

5 00

180 00
99 75

200 16

200 40

350 30

511 22

300 00

200 00

200 41

202 15

149 87

100 00

124 28

110 11

55 85

19 38

102 50
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Name of Work
East Division— C'«i/ihh«/

Mattawa and CalTin Road
Mattawa and Calvin Bridge
Mattawa and Calvin B. Range
Mattawa and PemVroke Road. 1st Section
Mattawa and Pembroke "?oad. 2nd Section
Marlbank Road
Matt;--wan Township. 6 Con. Road
Mattawan Township. Dupont's Hill
Mines Road, (ir:itton

Mattawat^^han. Frontenac Road
Mattawatchan Bridge
Minogu? R(iad

Monck Roid. Gooderham
Monette Roid .

Monck Fond (o Dysart
Mo'-n'ain Grove Road
M.ttawa and Calvin Road
Martland. 1 and 2 Road—Crossway
Mud Lake. Narrow's Bridge
McOeary Creek Bridge
McPherBon & Loudon Road
McCambridge Road
McCarthys Rond
Mattawa and Temiskaming Road
Martland and Cosby Road, balance
J5arkstay and Warren Road, balance
Massanoga Lake Road, balance
North Shore Road, Perth
North Shore to Trout Lake
North Bay and Widdifield Road
North Harvey Road
Nosbonsing and Corbeilles Road
Nosboneing and North Road
Otter Lake Road ,'"'

Opinipon and Deer Bay Road
OaTi Lake Road
Opeongo Road, balance
Papineau Township Road, 12 Con
Papineau Township, Side Road
Papineau Township, 10 Con. Road
Porniiilt Settlement Road
Petewawa Road towards Fort William, Que.
Petewawa Road
Peterson Road, Radclifle

Perth Road
Peterson Road, Guilford
Paugh Lake Road, balance
Portland and Railton. balance
Queen's Line Road
Reid Road
Road Graders ... ;

Racicot Road
Raglan and Lyndock Road
Raglan and Lyndock. Lyndock and Eganville
Rolph. Buchanan and Wylie Road
Ross Township Road

. . .

Ratter Roads, Con. 2 and 3

do do
do 3rd Section

Round Lake Road. Peterboro
Radclifle and Carlow Road
Rolph. Moore Lake Bridge ..

Rolph. Buchanan Bridge . ,

.

Round Lake Road. Renfrew
Sabastopol. Killeen Road .

Sabastopol. Eganville Road

Department
Expenditure

S159 00

24 00

181 60

200 03

300 09

251 00

250 00

167 33

400 00

204 00

180 00

202 25

277 02

504 98

199 89

251 38

199 85

101 36

200 00

78 50

399 91

200 05

101 00

180 00

11 81

32 35

20 00

201 55

200 00

370 30

300 00

307 07

208 75

215 10

207 40

209 10

50 45

199 80

200 81

199 65

300 75

106 50

208 00

200 20

205 05

198 60

. 28 70

60 00

309 53

327 01

52 50

100 00

208 65

202 50

200 23

180 00

209 25

101 30

104 50

180 00

300 65

249 72

252 70

204 30

107 00

150 13
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Name of \Vi irk

East District— 0.;i(iii«/v7

Sabastopol, Wormke Road
Sandy Lake to Bucklioni Koad ..

Sherwood and Jones Koad
Sherwood, Barry's Bay Rond
Springer Township, Bidal Road

do Burton Road
do Cashe Bay Road
do Brazeau Road .

.

do Savigney Road
do Ayotte Road

Sharhot Lake and Crow Lake Road
Sturgeon Lake and I.afrance Road
Springer Ro id to Depot
Squaw River Road
Silver Lake and Burnt River Road .

S. Algona Road
S. Algona and Eganville Road
Sharliot Lake and Oso Road
Somerville, S. Line Road
Sudbury and Rayside Road
Sudbury and Blezard
Somerville. Con. 8 Road
St. Charles Road ....

Sudbury. Ramsay Lake Road
S. Algona Road, balances
Sudbury and Neelon Road
Trout Lake Road
Trout Lake Road, balance
Vaiina Road
Vcrner Road. South .-

Victori.a Road
Verner and Badgerow Road, 1st Section
Verner and Badgerow Road, 2nd Section
Wilno and Coraberraere Road
Wasa Bridge, balance
Warren and Sudbury Road. Ist Section. "K". Nip.
Warren and .Sudbur.v Road, 2nd Section. W. Nip.
Warren and Hngel Road
Wfst Arm Bridge Approach
Widdifleld. Gormanville Road
Widdifteld. 4 and 5 Con. Road
Wilberforce. 20 Con
Wilberforce, T. L. Road
Wilberforce, Proof Line Road
Wisawasa Road
Warren and Jlartland Rond and Bridge

do Semarius Section

do Dambremont Section

do Boullord Section

do Crosswaying

Loss Refunds :

Sauer Road
Loboro and Wilmer Road
Markstay and Warren ...

Department
Kxpendiuire

261 36

196 65

202 75

201 60

100 GO

55 58

54 00

100 00

101 75

299 80

169 42

207 00

180 00

294 37

333 00

103 50

100 00

130 00

199 87

299 57

400 02

252 01

129 86

199 96

56 35

33 75

200 00

26 50

200 00

200 08

200 60

309 95

101 61

200 10

8 85

180 00

182 72

301 62

121 25

349 91

201 01

255 02

209 25

108 57

203 97

2.073 77

200 01

260 03

255 85

107 63

857,804 61

« 4 7?.

230 00

2 15

236 87

TemisTiaming Disirici J?on<?,«

57,567 74

.\rmstrong. West Road
Beauchamp, 3 and 4 Road
Buck and Dymond Road

, Chamberlain, Boundary Road

822 95

!,225 00

442 67

600 00
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Xame of W<trk
Kast Division— t'OHii/i""'

Chamberlain, Pacaud and Marquis Road
Chamberlain, Paoaud and Marquis Bridges
Evanturel and Marter Road
Evanturel, 6 and 7 Road
Evanturel, West Road
Evanturel, Road Crosswaying ..

Evanturel, Marter and Chamberlain Road
Firslbrook. 4 and 5 Con. Road
CradinET Roads
Henwood, 4 and 5 Road
Hailoybury and Liskeard Road
Huds )ii and Kearna Road
Hudson Road
Haileybury and Cobalt Road
Judge and Ijiskeard Road
Kearns and Henwood Road
Kearns, 8 and 9 Road •. ...

I.ons Lake Road ,

Locating Roads
Pacaud, Boundary Roads
Robillard and Savard Road
Temiskaming Roads, Balance 1903

Do|<artinent
Expenditure
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Name of Work

West Division -c<mtiiiiiid

Honck Soad, Atherley .

Ma,ihar. 20 S. Line Koad
Monteith and Perry Road
Morrison Township Bead
Mills .and Wilson Road
Muskoka Road
Mellurrich, 20 S. Line Road
MiCmkey Roud Bridge -

Naiscoodtyong Bridge

Ninth Con. Road, Croft

Nipissine Lake Road, balance 1903

Nipissing Township (Sharpe's Corner) Road
Nipissin? Township. Byer's Road .,

North Himsworth Road
North Road. North of Magnetewan
Orange Valley Road
Orange Valley Bridge ........

Otter Lake Narrows' Bridge
Oakley, Con. 4 Road
Perry Township Road
Pine Lake Road
Proudfoot. Con. 4 and 5 Road
River Road, Draper
Red Bay Road

;

South River Bridge
South River Bridge, balance 1903

Strong Armour and Ryerson Road
Stisted, Con. 8 .and 9 Road
Strong Township Road
Strong, 30 and 31 S. L. Road
Tally Ho Road
Tay and Matchedash Road
Victoria Road, North of Victoria Bridge
Wolfe River Bridge (Jack Lake Road)
Wolfe River Bridge, Kid's Landing .

West Road. Patterson .

.

White's Bridge, Magnetewan
Road Graders

Department
Expenditure
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Department
Name of W"rk ExiH-uditurt-

NoKTH DiviSIOX

—

Coittintird

Fort Frances and Rainy Lake Road $503 97

Galbraith Township Road '. 299 10

Cladstone. 2nd Con. Bridge 203 31

Gilliei and Bcoble Road 519 73

Grading Roads, Algoma District ;
315 85

Goldenburg and Day ilills Eoad 50184

Gouiais Bay and Vanlioughnet Road , ' 3,987 20

Grimesthorpe Bridge " 508 13

Galbraith Township Road, Right of Way 87 50

Honora Bay Road • • • 381 41

Hymers Road 550 00

Iron Bridge Road 215 15

Inspection, balance 1903 206 85

Inspection ' ?'^?!
^*

Jaflray Township Eoad ' 1,573 23

Jaffray Bridge 220 30

Korah Koads, 1st Sec 300 10

Korah R.iads. 2nd Section 408 97

Kagawong Lake Road 30180

LaoloBhe Bridge ^8 00

Lybster Road 513 16

Michipicoten Mining Koad .
876 94

Marks Road 321 58

Magpie River Bridge .. 100 25

May Township Eoad 300 00

MorJey, 9 and 16 Road 28175

Mather and Tait Road .'
' 980 00

Mather and Dobie Road ' 950 00

Morley land Shenston . . ,

485 00

Mather, 8 and 9 Road .
485 41

McGregor Road -.• 280 00

Mclntyre Road 450 00

McKeown's Bridge 258 80

Mather and Dobie Road, balance 1903 71 41

Mississaga Scow, balance 1903 .
10 35

Nairn and Worthington \Road . . .;
.' 507 25

Neebing and Mclntyre Road 535 56

Nellis and Pattullo Road 485 00

Neebing and Oliver Road 455 30

O'Connor and Conmee Road , 568 63

Pine River and Pattullo Road 483 36

Prince and Galbraith 61 00

Paipoonge and 0"Connor Road 450 00

Pattullo and Morley ' • 509 77

Roddick C. & M ' 18 22

Prince Township Road 900 56

Prince Township Road, balance 1903 33 14

Rainy River Road. Aylesworth and Lash 1.044 70

do Township of DHlie 810 42

di Dilke to Worthington 980 00

do Worthington and Atwood 1.992 86

do Crozier and Fort Frances 476 29

Roddick, Crozier and Misccampbell 771 25

Roddick. Crozier and Miscampbell. balance 18 22

Rainy River Roads, balance 1903 .. 61 50

Spanish River Road Bridge 350 16

Sanford Township \Road 403 26

Scoble and Blake Road 450 00

Shakespeare Road 300 68

Stanley and IPort William Road 1,900 00

Strange Road 429 37

Tait and Shenston 970 44

Tait and Shenston, balance 1903 33 09

Tarentorus Road 494 40

Thessalon Bridge 64 20

Tait and Pattullo Road 999 09
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Pepartment
Name of Work Kxpenditure

XoHTH Division—C»flc/ii<W.

ThesBalon Township Road S 3,000 00

Van Home Road 482 90

Wainwright Township Road 508 59

White River Bridge 34 50

Wabigoon and Dinorwic Road 498 73

Wabigoan and Beaudreau's Landing Road 110 50

Wel!8 Road Repairs 804 53

Webbwood and Nairn Road 899 91

Worthington and Blue Road 980 00

Winnipeg River Road 303 61

Zealand Township Road 386 16

Road Graders ;. 775 00

I ess Refunds :
—

Parkinson Bridge
Devlin and Burris Road
Lacloche Bridge

Grand Portage Road
Manitowaning and Prov. Bay
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Department of PuMic Works, Ontario.

Toronto, Januaiy, 1905.

Hon. J. O. Reaume,

Commissioner of Public Works, Ontario.

Sir:—

I have the honor to submit the following statements of maintenance and

capital expenditure on public buildings, works, roads, aid to railways, etc, and

of contracts entered into in connection therewith, being: (1) the expenditure on

Maintenance and Repairs account for Government and Departmental Buildings,

Institutions and Works for the year 1904
;
(2) the capital expenditure for public

buildings, works, roads, railways, etc., for the year 1904
; (3) the total capital

expenditure on public buildings, public work.s, colonization and mining roads,

aid to railways, etc., from the 1st of July, 1867, to 31st December 1904; (4) a

classified statement showing (a) the expenditure for four years and six months,

from 1st of July 1867, to 31st December 1871
;
(b) the expenditure for thirty-

three yeai-s from 1st January 1872, to 31st "December 1904 ; and (c) the grand

total of expenditure from 1st July 1867, to 31st December 1904; and (5) a

statement showing the several contracts and bonds entered into with His Majesty

during the year 1904 for the execution of sundrj'^ works under the control of

the Department.

I have the honor to remain,

Sir,

Your obedient servant,

J. R EDWARDS,
Accountant and Law Clerk.

[62]
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STATEMENT No. 1.

Being statement of expenditure, on Maintenance Account, tor fuel, electric

light, power, gas, water, vault fittings, furniture and furnishings, repairs.,

salaries, etc., for the following Departmental Buildings, Institutions and Works
during 1904.

Name of Service Ainiiiuit.

Admini.stration of Ju.stice :

Osgoode Hall, Toronto ^9.86-1 65

Education :

Normal and ^[odi'l Schonls, and Kducational Department, Toronto 9,512 13
Normal and Model Schools, Ottawa

j

6.650 90
Normal School Buildings, London i 2,554 87
School of Practical Science, Toronto ' 6.321 31

ilAIXTENANCE AND REPAIRS OF GOVERNMENT BuiLDINGS : i

Parliament and Oepartmontal Buildings (includinf; .salaries of engineers,
firemen, messengers, etc.), and furnishings Legislative Chamber and
Speaker's apartments .'

' 49,953 72

Attorney-General's Department 617 88
Crown Lands Ilepartment

|

3,469 .36

Public Work's Department .
I

678 42
Provincial Secretary's Department 764 32
Treasury Department

;
437 26

Agricultural Department
1

875 93
(xovernment Hou.se 15,039 99
Superintendent Locks, Dams, Bridges, etc. (salary 10 months) 1,000 00
Lockmaster's, bridgetenders' and caretakers' salaries 4,251 16

Total $111 ,«91 90

Department of Publio Works, Ontario.
Toronto, Febhuaky, 1905. J. P. Edwards,

Accountant.

k
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STATEMENT No 2.

Beinof statement of expenditure, Capital Account, on Public Buildings and
Works, etc., for the year 1904. (See also Statement No, 3.)

Name of Work.
Under the

!
Under the

'Department ' Inppector.s,

Pub. Works. etc.

I

PiBLic Buildings.

ParHament Buildings—construction account
do equipiuent, etc

Asylum for the Insane, Toronto
do Mimico
do I.ondon
do Hamilton
do Kingston
do Brockvllle

do Coliourg

do Penetanguishene
do Idiots, Orillia

Hospital for Epileptics,' Oxford
Central Prison, Toronto
Ret'orniatc irv for Females, Toronto
Institution for the Deaf and Dumb, Belleville

do Blind, Brantford
Educational Department and Normal and Model

Schools, Toronto ' •

Normal and Model Schools, Ottawa
Normal School, London
School of Practical Science, Toronto, New Buildings. .

School of Practical Science, Toronto (New Buildings),

equipment
Agricultural College, Guelph
Eastern Dairy School, Kingston
Children's Shelter, Toronto

Algoma District

:

Court House, etc., SaultSte. Marie
Lockup, Chapleau

do Cutler
do Chelmsford

Thunder Bay District

:

Gaol and Court House, Port Arthur

Muskoka District

:

Court House and Gaol and Registry Office, Brace-

bridge

Parry Sound District

:

Court House, etc., Parry Sound

Nipissing District

:

Lockup at Mattawa
do Court House and Registry Office, North Bay
do Sudbury
do Bonfield

Rainy River District

:

Court House, etc., Rat Portage.
Registry Office, Port Francis. .

.

Lockup, Dryden

7n.-> no

1,770 Oo

2,510 r,:i

2,186 02
19,632 18
4,799 19

10,464 34

5.8.T1 lo:

4,750 00

40,720 14

7,098 02,

50.805 37
6,905 91'

1,259 73'

4,992 H9
3,346 94,

12,272 15

3,782 74!

90 00
127,225 60

17,240 70
31.9.59 46
8,910 94

.,793 54

39 93
9 55

51190

2,281 69

582 86

246 21

17 00
2,692 95

2,240
79 96

544 35
1,251 10
500 00

5,064 27
3,103 .39

2,610 20
5,107 31

2,342 82
2,547 87

Total for

1904.

4,112 45

7,038 08
1,977 53
1,559 94

7,012 35

2,475 05
7,574 80
5,289 41

22,242 38
9,906 50

12,807 16

7,898 97
4,7.50 00

40,725 14

11,210 47

50,805 37
6.905 91
8,297 81

6,969 92
4.906 88

12,272 15

3,782 74
90 00

144,466 20
31,9.59 46
8,910 94
7,012 35

6,354 92

2,281 69

582 85

246 21

2,812 31

2,295 45
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STATEMENT No. 2.—Continued.
Being Statement of Expenditure, Capital Account, on Public Buildings and

Works, etc , for the year 1904<. (See also Statement Nc. 3.)

Name of Work.

Public Works.

Bridge over West arm. Lake Nipissing
do Wabis River
do Sunday Creek
do La Blanche River

Madawaska River Works, Bridge at Combermere
Bridge, outlet Lake of the Woods
Magnetawan River Works ( Swing Bridge), Townshiii

of Ryerson
do do Dredging at Burk's Falls...
do do Magnetawan River Dam . . .

.

do do To remove obstructions from
Ah-Mic Lake

Stanley Bridge, to renew North portion
Blind River Bridge
Severn Bridge, Township of Morrison
Seiiuin River IJridge, superstructure
Bridges, Rain}' River Road
Muskoka Lakes Works, Cribbing Port Carling
Bridge, Wawa Road
Removipg obstructions in North River
Construction of Black Bridge, Sluskoka

Drainage Works

:

Nesbit and Rogers drains, Tp. Bosanquet
Mud; Lake Drainage, Tp. Keppel
Outlet for Durham Creek. Tp. of Brooke
Eraser Creek Drainage Works, Tp. of Roxborough
North Branch Drainage Works, Tps. Roxborough
and Cornwall

Pottawattamie River Drainage Works, Tp. Derby.
Douro Drainage Works, Tp. Douro
Ruscomb Drainage Works, Tp. Rochester
Forbes do Tp. East Tilbury
Pelee Point do Tp. Mersea .'

Snake River do Tp. Bromley
Nogey's Creek Bridge
Indian River Deepening
Maintenance Locks, Dams and Bridges, etc
Surveys and Inspections, etc
Bridge, over Jean Baptiste
Bridge, round Lake Road
Bridge, Baysville
Bridge, Calabogie
Echo River Bridge
Cassimer Creek Improvements
Wasdale Bridge (Ontario and Simcoe)
Wahnapitae River Bridge, Township Dryden
Black River Bridge, Tp. Draper, Muskoka
Delta Creek Improvements
Rainy River Dock
Colonization and Mining Roads
Aid to Railways (cash expended)

L'nder the
I Under the

Department
! Inspectors,

Pub. Works. 1 etc.

Totals

.

Department of Public Works, Ontario,
Toronto. February, 1905.

5 p.w.

3,651 34
2,773 33
603 00

2,929 87
1,254 50

15,884 78

1,895 06
1,822 99
,569 43

214
4,860
940

2,500
3,754
2,361

2.438

1,198
6.59

1,500

300 00
963 23

1,300 00
300 00

2,000 00
3,000 00
1,200 00
3,000 00
2,000 00
2,000 00
5,000 00
481 85

1,421 16
10,296 72
1,804 40

98.31

19 00
2,047 50
800 00

1,332 11

So 56
1,000 00
4,642 49

9 48
99 24
75 00

118,337 46

59K,725 47

175,620 74

218,096 95,

Total for

1904.

3,651 34
2,773 33
603 00

2.929 87
1,254 50

15,884 78

1,895 06
1,822 99
569 43

214 07
4,860 57
940 05

2,500 00
3,7.54 00
2,361 01
2,4.38 60
1,198 39
659 14

1,500 00

300 00
963 23

1,300 00
300 00

2,000 00
3,000 00
1,200 00
3,000 00
2,000 00
2,000 00
5,000 00
481 85

1,421 16
10,296 72
1,804 40

98 31
19 00

2,047 50
800 00

1,332 11-

30 56
1,000 00
4,642 49

9 48
99 24
75 00

175,620 74
118,337 46

816,822 42

P. Edwards,
Accountant.
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STATEMENT No. 3

Being a statement on Capital Account for Public Buildings, Public Works,
Colonization and Mining Roads, Aid to Railways, etc , as follows ; (1) The
total of expenditure for tour years and six months, from the 1st July, 1867 to

the 31st December, 1871 ; (2) The total of expenditure for thirty -two years

from the 1st January, 1872 to the 31st \ ecember, 1903
;

(."{) The total of

expenditure for the year 1904 ; and (4) The grand total of expenditure,

from the 1st of July,^867 to the 81st December, 1904.

Name of work.

Expenditure
1st, July,

1867 to .3ist,

Deceml)er,
1871.

Government House
Old Parliament and Departmental Build

ings
New Parliament and Departmental Build-

ings (construction account)
New Parliament and Departmental Build-

ings (equipment, grounds, roads
plant house, etc)

Asylum for InRane, Toronto
do
do
do
do
do
do
do
do

^limico
London
Hamilton
Kingston
Kingston (branch) .

.

Brockville
Cobourg
Penetanguishene. . .

.

Asylum for Idiots, Orillia

Hospital for Epileptics, Oxford
Central Prison, Toronto
Andrew Mercer Reformatorj- for Fe-

males, Toronto
Reformatory for Boys, Penetanguishene.
Institution for Deaf and Dumb, Belleville

Institution for Blind, Brantford
Education Dej^artment and Normal and

Model Schools, Toronto
Normal and Model Schools, Ottawa ....

Normal School , London
Normal College, Hamilton, (equipment

Domestic Science room)
School of Practical Science (College of

Technology)
School of Practical Science, Queen's Park
School of Prai'tical Science new Chemistry

and Mining, and Milling liuilding.

.

Agricultural College, Guelph
Dairy School, Strathroy

do Kingston
Children's Shelter, Toronto
School of Mining, Kingston
Osgoode Hall, Toronto
Agricultural Hall
Government Farm, ^Mimico
Pioneer Dairy Farm, Algoma
Brock's Monument, Queenston Heights.
Niagara Kiver Fence

$ c.

105,337 77

52,330 78

173,014 71

311,002 82

10,925 96

12,080 74
90,215 11
69,318 75

13,613 50

38,509 M

47,3.50 00

Expenditure
Ist Jan., 1872

to

31st December,
1903.

$ c.

78,523 09

32,955 20

1,275,688 29

229,164 5

208,737 96
623,581 22
699,505 45
921,104 10
481,911 94

9,422 82
490,090 63
116,191 9o

559,240 08
7,666 60

893,286 07

245,955 27
179,431 26
242,884 93
212,635 94

200,818 42
224,915 87
100,708 23

854 25

20,590 92
252,535 56

140,158 62
.588,533 87
14,583 71

8,120 76

4,070 00
148,062 85

324 00
4,296 34
5,178 43
4,605 31
8,025 43:

Expendi-
ture,

1904.

705 00

1,770 05
7,574 80
5,289 41

22,242 38
9,906 .50

12,807 16

7,898 9'

4,750 00
40,725 14
11,210 47
50.805 37
6,905 91

8,297 81

6,969 92
4,906 88

12,272 15
3,782 74

90 00

144,466 20
31,9.59 46

8,910 94
7,012 35

Total •

expenditure
to

31st December,
1904.

$ c.

183,860 86

85,285 98

l-,276,.393 29

230,934 62
389,327 47
628,870 63

1,032,750 65
931,010 60
494,719 10

9,422 82
497,989 60
120,941 95
40,725 14

570,4.50 55
.58,471 97

911,117 94

254,253 08
191, ,512 00
340,069 96
286,861 57

226,704 07
228,698 61
100,798 23

854 25

.59,100 26
2.52,535 56

284,624 82
620,493 33
' 14,583 71

17,031 70
7,012 35

4,070 00
148,062 85

324 00
51,646 34
5,178 43
4,605 31

8,025 43
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STATEMENT No S—Continued.

Name cif Wcjrk

lExpenditurel Expenditure
i !m ^ i .•

I IstJulv, Ist Jan. 1872,1 Expendi-'T°*^' *'^P«''^^'

1867 to 31st to
I

tiire.
"ture to

December, 31st December,
1871. 1903.

1904.

I

31st December,
1904.

Algoma District

:

Court house, gaol and registry office,

etc., Sa<ilt Ste. Marie
Grand Manitoulin Island, three lock-

ups (Gore Bay, Little Current and
Manitowaningl

Lock-up at Killarney
do
do
do
do
do
.lo

do
do
ilo

Bruce Mines
Webbwood.

.

Thessalon . .

.

Massie
B>lin<l Kiver .

Cbapleau. .
.'.

Wawa
Cutler
Chelmsford.

.

Thunder Bay District

:

Kegistiy oftice and lock-up, addition
to court house, etc., Port Arthur. .

.

Lock-up at Fort William
do Silver Islet, Lake Superior.

do Ne])igon

Muskoka District :

Immigration Sheds at Graveuhurst. . .

Registry Office and Lock-up at Brace-
bridge

Lo<-k-\ip and court-room at Huntsville;

do do Bayside .

.

Parry Sound District :

|

Registry office, lock-iip anfl court-room,
etc. , Parry Sound !

Lock-up at Maganetawan
j

do and court-room at Burk's;

Falls i

Lock up at French River
do Duuchurch
do Emsdale
do Byng Inlet

Nipissing District :

Lock-up at ATattawa
do court house and registry office

at North Bay ."

Lock-up at Sudbury
do Sturgeon Falls

do New Liskeard
do Warren
do Bonfleld

Rainy River District :

Lock-up, court-room and gaolers's

residence, new registry office, etc

Rat Portage
Lock-up at Fort Francis

do Mines Centre
do Emo
do Atikokan
do Beaver Jlills

do Dryden

2,469 52

1,994 85

1,715 20

21,769 08

22,220 85
1,292 97
3,117 48
1,634 24
2,221 99
702 74

1,042 87
1,086 56
1,330 16
855 15

37,299 72
9,281 40

.

2,304 79

1,169 23
.

355 00
,

29,618 96;

8,364 85
,

300 00

24,&58 06
645 56

6,432 83
1,194 12
609 00
300 00

1,232 35

14,754 75

27,882 57
12,138 08
1,730 34
657 00
600 00
614 71

35,395 58
4,666 26
783 78

1,888 94
1,566 31

1,840 71

5,793 54

39 93

9 55
511 90

2.281 69

582 85

17 00

2,692 95
22 40

79 96

544 35
1,251 10

500 00

$ c.

30,032 14

22,220 85
1,292 97
3,117 48
1,634 24
2,221 99
702 74

1,042 87
1,126 49
1,330 16
864 70
511 90

41,576 26
9,281 40
2,304 79

1,169 23

355 00

30,201 81

8.364 85
300 00

26.619 47
645 56

6,432 83
1,194 12
609 no
300 00

1,232 35

14,771 75

30,575 52
12,160 48
1,730 34
657 00
600 00
694 67

35,939 93
5,917 36
783 78

1,888 94
1,566 31

1,840 71

500 00
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STATEMENT No. ti.—Continued.

Name lit' Work.

Expentliture Expenditure
I 1st July, |lgt Jan., 1H72 Kxpemli-

1807, to 1
to

!

ture,

:ilst Decem-'31st Dei-emlxT, 1904.

ber, 1871. 1903.

I

Total ex]K'ii(ii

ture to 31 St

December,
19(M.

$ e.
1

County of Haliburton ; Registry office,

Minden
Young's Point loclc

]

30,03.5 07

Balsam and Cameron Lakes locks 1.5,715 20

Mary's and Fairy Lake? Lock Works arid

liridfie over Muskoka River at

Huntsville
Maganetawan Works: lock, swinfr bridge,

dam and river imiirovements ; dam
and slide at Deer Lake ; swing!

bridge, Townsbip of Ryerson
;

dredging Burk's Fall.=, and removing
obstructions Ab-niic Lake

Higb Falls, Pigeon River; slide, dam,
etc., (C.L.D.)

Georgian Bay works
Landing jiier at Port Elgin
Landing pier at Southampton
Docks at Southampton, Saugeen River.

.

Docks on the Rainy River
Docks (landing), at Beaudrault's Wabi-

goon
Muskoka Lakes Works.

$ e.

do locks, bridges and
dredging at

Port Carling.

do cut and bridges
at Port Sand-
tield..'

do Muskoka Falls,;

works and;
bridges ati

Bala........

do Joseph River
works, (less

contril)ution)

Nipissing Lake Works...
Couchiching Lake Works
Mud Lake Works (Township of Dalton)

Kushog Lake dam
Mississicua Lake dam
Star Lake AVorks
Manitou Lake Works : dam at outlet, etc.

Rainy River District

Inkerman dam, removal of (County of

Dundas)
Bottle Lake dam and Mississicua Creek

dam
Shoal Lake and Lake of the Woods im-

provements, Ash Rapids
Mill Creek improvements (County of

Prescott)

Lake of Bays, dredging mouth of Riverj

at outlet of
j

Peninsula Creek improvements, bridges,

etc 1

Stoney Creek Works (Township of Ops)

34,.542 .541

9,761 80!

5,918 42 ...

.

1,157 6.5

8,243 82 ... .

79,844 12

69,959 55

9,706 07
7,149 97
2,7.50 00
2,022 63
1,739 04

3,088 44

777 95

1

21,915 30

4,501 55

23,217 07

7,081 06

.8,579 37

486 87
9,182 17

427 S2|

1,.502 32'

300 00
4,989 84
412 22

2,794 14

1,000 00

4,068 72

5,998 25

1,000 00

581 82

.34,993 02
4,828 25

75 00 i

' 2,438 60

5,918 42
31,192 72
23,959 02

79,844 12

74,461 10

9,706 07
7,149 97
2,750 00
2,022 63
1,814 04
3,088 44

777 95
21,915 30

60,198 21

16,842 86

8,579 37

486 87
9,182 17
427 82

1,502 32
300 00

4,989 84
412 22

2,794 14

1,000 00

4,068 72

5,998 25

1,000 00

581 82

34,993 02
4,828 25
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STATEMENT No. 3.—Continued.

Name of work.

Union Creek improvements
Bear Creek Works—dam and slide

Jjake Seugog Works— dredging Port
Perry

Lake Seugog tiats road
Cohtjs' I>ak(' outlet

Gull and Burnt River Works—dams,
slides, bridges, etc

Muskoka River Works
bridge at South Falls.

.

" " bridge at Port Sydney.
Sydenham River Works
Nottawasaga Works
Kaniinistiquia River Works
Seugog River Works (ineluding Lindsay

lock and swing bridges)
Pigeon River Works (Co. of Vietoria).

.

Otonabee River Works
Balsam River Works
Wye River Works
S()uaw River Works
Moose River Works (Co. of Stormont) .

.

Black River Works (Lake Sin\i-oe)

Jean Baptiste River, const ruet'n of bridge
over (Township of Beauchamp) . . . .

j

Maltawa River Works, ir bridge '

Waliis River Works, (Dymond, Harris
anil Kearns)

Wabis River Vjridges

Wabis Creek, to construct bridge over.

.

S<inaw River Works, dam at Harvey. . .

.

Indian River Works, deepening—town-
ships Sarawak and Keppell

Whitefish River, removing obstructions'
North River, removing obstructions. ..

.

Cassimer Creek, removing olistructions

McKenzie Creek improvements
Snake River improvements
Madawaska River—swing bridge at Com-

bermere. bridge at Burnstovvn, and
bridge Township of Raglan

Nation River Works
Nation River bridge
Nation River, contribution
Petawawa River bridge
Sturgeon River bridge (Township of

Field)
To construct steel bridge at outlet Lake

of the Woods, Rat Portage
Rainy River road bridges
Stanley bridge—Thunder Bay
Blind River l)ridge

Buck Lake liridge, to rebuild
Black River bridge, to relxiild (Towtt

ship of Draper, Muskoka

Expenditure
1st July,

l.%7 to 31st
'

December,
1871.

Expenditure
let January,
1872 to .Sl.-t

December,
1903.

$ c.

374 76
1,708 82
197 lOi

27,760 34

1,527 40

Expendi-
ture,

1904.

1,050 63
1,617 52

977 53
1,500 00
1,102 08

100,716 60
42,670 53
1,000 00
1.000 00
1,781 50
4,206 27

22,667 92

70,137 04 .

3,472 22,.

9,162 91 '.

16,585 111.

5,176 98!.

1,688 16;.

1,000 00;

.

3,136 10|.

I

2,850 00 1

.

500 OOj

.

1,340 51 .

1,760 08
581 56

429 66
249 15

175 00
200 35
140 65

10,916 93
13,877 23
2,000 00
4,000 00
3,879 25

3,616 08

9,064 24
2,068 83
3,275 52
1,770 32'

305 061

500 00

Total
Expenditure

to

31st December,
1904.

2,773 33

1,421 16

659 14

30 56

1,254 50

15,884 78
2,361 01

4,860 57
940 05'

9 48

1,050 63
1,617 52

977 53
1,500 00
1,102 08

100.716 60
42,670 53
1,000 00
1,000 00
2,156 26
5,915 09

22,865 02

97,897 38
4,999 62
9,162 91

16, .585 n
5,176 98
1,688 16
1,000 00
3,136 10

2,850 00
500 00

1,340 51
2,773 33
1,760 00
581 56

1,850 82
249 15
659 14
205 56
200 35
140 65

12,171 43
13,877 23
2,000 00
4,000 00
3,879 25

3,616 08

24,949 02
4,429 84
8,136 09
2,710 37
305 06

509 48
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STATEMENT No S.—Gontimbed.

Name of Work.

Expenditure
1st July,

1867 to 31st

December,
1871.

To rebuild l)ridges in Frontenac, de-
stroyed l)y fires : Clyde Riyer, ilud
Lake and Concession 1st, (larendon

Kinmount bridge
Bridge oyer Jean Baptiste (Township of

Armstrong)
Bridge on Round Lake road
Baysyille bridge
Calabogie l)ridge

Echo Riyer bridge
AVasdale bridge (Ontario and Simcoe).

.

Wahnapitae Riyer bridge and ap-
proaches

Delta Creek iniproyeuients
I

Bridge oyer west arm Lake Nipissing. .

.

Bridge oyer Sunday Creek
i

Bridge oyer La Blanche Riyer. . .
.'.

Seyern bridge, Township Morrison
Seguin River liridge

Bridge on Wawa road
'

Black bridge (Muskoka), construction of i

Gannon's Narrows bridge (contribution)
Chemong Lake bridge
Beaudette Riyer (to aid in dredging, etc.

)

Mississippi Riyer improyements (below
Carleton Place)

Head Riyer improvements (Townships
Laxton and Cordon

Moira Riyer improyements (Township
of Thurlow)

Muskrat River improvements
Payne River Works
Otonabee River bridge
Trent River AVorks
Bridge, Township of Cambridge
Indian Point bridge (Manitou Island).
Mississigua River bridge, repairs
Stoney Creek bridge, Ryerson
Damages by raising waters, near Rat

Portage
Washago and Gravenhurst road
Washago wharf
Portage du Fort bridges, Ottawa River.

.

Des Joachims Rapids, bridge and ap-;

proaches
Surveys, inspections, arbitrations and

awards, etc

Deer Lake Works, dam and slide (Town-
ship Anstruther)

Nogies Creek Works
Cashmere dam (obstructions), Middlesex.
Eagle Lake Works, to construct dam at

outlet

Bass Lake dam, Tp. Galway, Peterboro'.
To remove obstructions from navigable

streams
Bonnechere River Works

$ c.

Expenditure
1st Jan., 1872

to

3l8t December,
1903.

25,188 69

1,137 34i

Expen-
diture
1904.

Total expendi-
ture to 3lBt

December, 1904

3,288 06
1,500 00

1,000 00]

3,.500 00 .

3,000 OOl

.

4,730 71
^

976 82!

.

98 31

19 00
2,047 50
800 00

1,332 11

1,000 00

4,642 49
99 24

3,651 34
603 00

2,929 87
2,500 00
3,754 00
1,198 39
1,.500 00

800 00 .

7,603 43'.

4S9 22'.

10,747 99,.

2,1.35 .32....

1,861 98'... .

4,000 00 ... .

2,500 OO! . . .

.

2.000 oo! . . .

.

1,000 OOl....

2,.596 61

4,.3.55 94; ... .

831 (>8

9,937 72'

.50, .3.35 .58 1,804 40|

1,420 17

1,662 72

1,144 19

4f<l 85

1,173 84
1,000 00

513 02
338 50

$ c.

3,288 06
1,.500 00

98 31
19 00

2,047 50
800 00

1,332 11

1,000 00

4,642 49
99 24

3,651 34
603 00

2,929 87
2,500 00
3,754 00
1,198 39
1,500 00
1,000 00
3,-500 00
3,000 00

4,730 71

976 82

2,135 32
1,861 98
4,000 00
2,500 00
2,000 00
1,000 00
2,.596 61

4,355 94
831 68

800 00
32,792 12

489 22
10,747 99

9,937 72

53,277 32

1,420 17

2,144 57
1,144 19

1,173 84

1,000 00

513 02
338 50
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STATEMENT No. S—Continued.

Name of Work.

Expenditure Expenditure
1st JulV, IstJan., 1S72 Expendi-

1867 to 3l8t to ture
December, Slst December, 1904.

1871. 1903.

Talbot River Works
Repairs and maintenance of locks, dams,

slides, bridges,^ etc

Tilbury East Outlet drain
Cornwall Township Beaver Creek drain
Pelee Island drainage, 63 Victoria Chap.

VIII
Miscellaneous drainage
Drainage Works (Tp. of Elnia)

Big Creek drain (Tps. west and northi
Tilbury)

Outlet drain, Eastnor Tp
Petite Ca.«tor River, and Annabel Creek

Drainage Works
Becquithe Creek drain (Cumberland and

Clarence Tps
.
)

Kenyon, Charlottenburg, Cornwall and
Roxborough Tps

Moneklands drainage scheme, Rox-
borough Tps

Nesbitand Rogers drains (Tp. Bosanquet)
Mud Lake drainage (Tp, Keppel)
Eraser Creek drainage (Tp. Roxborough)
Outlet for Durham Creek (Tp. Brooke)..
North Branch Drainage Works (Tps.

Roxliorough and Cornwall )

Pottawattamie River drainage works (Tp.
Derby )

Douro Drainage Works (Tp. Douro) ....

Ruscomb Drainage Works (Tp. Roches-
ter)

,

Forbes Drainage Works (Tp. East Til-
bury )

Pelee Point Drainage Works (Tp. ilersea)
Snake River " (Tp. Bromley)
Lalonde Drainage Works i

Sur\-evs and drainage of swamp lands!
(Prov. acct.) i

Aldborough Drainage Works
Brooks "

Delaware "

Dunwich "

Fkfrid, Caradoc and INIetcalf Drainage
Works

"

Grey Drainage Works
Moore "

$ c.

60.5 95

Total
expenditure

to

31st December,
1904.

183,891 .54 10,296 72
3,020 00.

,

750 OOi

1,500 00
27 00

4,000 00 ,

8,367 30
2,480 00,

5,000 00;

1,000 00

700 00

1,200 00

25,489 17

15,218 95

Mosa
Nissouri West "

Raleigh "

Russell "

Sarnia "

Sombra "

Tilburv East "
Tilburv West "
Williams East "
Temiskaming railway surveys.

6,339 30i

11,308 75
6,127 .55

194 80
9,005 41

25,191 15|

17,7 50

900 00

11,111 34!

7,199 02'

19,.528 78;

5,740 93
3,766 .56

9—»
9
"J

16,

3,

8,

12,

11,

40,

.53,

1^,

31,

2,

24,

300 00
963 23
300 00

1,300 00

2,000 00

3,000 00
1,200 00:

3,000 00

2,000 00
2,000 OOi

5,000 00,

358 91
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STATEMENT No. S.—Continwd

lExpenditure] Expenditure,

Nature of work.

Roads Tp. Ryereon
Clearing and log hous-es on free grant

lands ( Settlers Homestead Fund) . .

.

Colonization and Mining roads
Aid to railways
Note :—

Certificates issued to

railways $9, 785, 818 05
Cash paid direct to rail-

ways 1,784,862 42

Aid granted 2441-316
miles ?11, 570,680 47

Certificates outstanding 4,114,507 46

Actual cash expended
to 31st Decemlaer,
1904 $7,456,173 01

Totals

1st Julv
1867 to 31et

December,
1871.

1st Jan., 1872
to

3lBt December,
1903.

$ c.

1,409 04

3,682 03
189,595 91

5,886 02

Expendi-
ture
1904.

Total expendi-
ture to 31st

Decendier,
1904.

$ c.

13,098 72
3,694,247 79 175,620 74

7,337,835 55 118,337 46

1,389,147 67. 21,865,510 16,816,822 42

$ c.

7,295 06

16,780 75

4,059,464 44
7,4.56,173 01

24,071,480 25

J. P. EDWARDS,

Accountant.

Department of Public Works, Ontario,

Toronto, February, 1905.



1904 COMMISSIONER OF PUBLIC WORKS. 73

STATEMENT No. 4.

Being classified statement showing the expenditure on Capital Account
for Public Buildings, Public Works, Roads, Railways, etc.: (1) The total ex-
penditure for four years and six months, from the 1st of July, 1867, to the 31.st

December, 1S71
; (2) The total expenditure for thirty-three years, from the 1st

of January, 1872, to the 31st December, 1904i, and (3) The grand total expendi-
ture from the 1st of July, 1867, to the 31st December, 1904.

2.

10.

11

Name of Work.

Expenditure 1st Expenditure 1st Total Expendi-
July, 18ff7 to July, 1872 to ture to Slst
31st Decern- 31st Decern- December,
ber, 1871. ber, 1904. 1904.

Asylums for the Insane, etc., at Toronto,
Mimico, London, Ilauiiltdii, Kingston,
Broekville, Orillia, ("obourg, Penctan-
guishene and Oxfortl

Penal Institutions, viz. : Reformatory
tor Females, Reformatory for Boys
and Central Prison

3. Educational Institutions, viz.: Institu-

tions for Deaf and Dumb, Institution

for Blind, .School of Practical Science,

Normal and ISIodel Schools, Toronto,'
Ottawa and London

[

4. Agi'iriiltnral Institutions, viz.: Agricul-,

tural College, Gueljih, Dairy Schools
Kingston and Strathrov, Dairy Farm%
Mimico and Algoma

5. Buildings for Administration of .lustice,

being Osgoode Hall and Court Houses,
Lock-ups, etc., in the Districts of

Algoma, Thunder Bay, iluskoka,
Parry Sound, Nipissing, Rainv River,
etc

6. Parliament and Departmental Buildings,
and Government House

7. Works for the Improvement of Navi-
gation, such as locks, dams, slides,

etc

8. Works for the Improvement f)f Trans-
portation, such as bridges, piers,

roads, etc

9. Drainage Works Expenditures and Ad-
vances to jMunicipalities

Miscellaneous Expenditures, viz.

:

Brock's Monument, Niagara River
Fence, Clearing of Log Houses,
Township of Ryerson, and Temis-
kaming Surveys
Colonization and Mining Roads

12. Aid to Railways (actual cash expended)

$484,017 53

23,006 70

211,656 70

47,350 00

6,179 57

157,668 55

122,760 37

26,597 73

116,632 58

3.682 03
189,595 91

Grand Total. $1,389,147 67

$4,290,566 95

1,332,972 32

661,907 51

453,758 69

1,618,806 20

887,733 131

i

177,435
95J

301,529 27;

$4,774,584 48

1,356,979 02

1,579,672 98 1,791.329 (

709,257 51

459,938 26

1,776,474 75

1,010,493 50

204,033 68

418,161 85

50,908 04i 54,590 07

3,869,868 53, 4,059,464 44

7,4.56,173 01 7,456,173 01

$22,682,332 581 $24,071,480 25

Department of Public Works, Ontario.
Toronto, February, 1905.

K
J. p. EDWARDS,

Accountant.
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To the Honourable WILLIAM MORTIMER CLARK, K.C.,

Lieutenant-Governor of the Province of Ontario.

May it please your Honour :

I have the pleasure to present herewith for the consideration of your

Honour, the Reports of the Inspectors of Factories for 1904.

Respectfully submitted,

NELSON MONTEITH

Minister of Agriculture.

Toronto, 1905.
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REPORTS

INSPECTORS OF FACTORIES
FOIi THE

PROVINCE OF ONTARIO.
1 9 04.

EEPOET OF INSPECTOR JAS. T. BURKE.

To the Honorable the Minister of Agriculture :

SiE,—I have the honor to submit a report of the inspection of factories

and workshops in my district for the year just closed.

It would not be possible to enumerate the detailed work of the inspec-

ior in the annual report, as it would involve official correspondence which
the inspectors are in duty bound to respect. Speaking generally, my duties

during the past year have been attended with success, which is at least a

satisfaction to the inspector. The growth of industry in this Province
has added very materially ty the labors of the inspector, and the wisdom of

advanced legislation in guarding against abuses incidental to such waves of

industrious prosperity is very much appreciated. It has been my experi-

ence that no form of legislation enacted is more useful than that of factory
inspection, covering as it does so many sections, all of which are beneficial

alike to the employer and employee. While we sometimes meet opposition
to our demands in the enforcement of the law, the modern manufacturer is

always glad to receive any suggestions that will improve the conditions or

safety of his factory. There is, however, still room for further amendments
to the legislation already enacted that would establish a more uniform stan-

dard, as well as do justice to those who are already within the pale of exist-

ing laws. I have reference to certain conditions provided by the Factories
Act. such as, fire protection, sanitation, child labor, and boiler inspection,

all of which should be established on the same basis in the Shop's Act having
regard to conditions. The boiler inspection law, in its present form, is weak,
unjust, and ineffective. The following are a few suggestions on the care
and treatment of boilers and their connections, and should be useful to the
owners of boilers and those in charge of them.

Boiler Inspectiox.

Preliminary to a boiler inspection, the boiler, flues, mud-drum, ash-
pit, and all connections should be thoroughly cleaned, to facilitate a careful
examination. Blisters may occur in the best iron or steel, and their pre-
sen,ce, and also that of thin places, is ascertained by going over all parts of

[^1
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the boiler with a hammer. When blisters are discovered, the plates should
be repaired or replaced. Repairing a blister consists in cutting out the

blistered spare and riveting a "hard patch" over the hole on the inside of

the boiler, if possible, to avoid forming a pocket for sediment. All seams,

heads, and tube ends should be examined for leaks, cracks, corrosions, pit-

ting, and grooving, detection of the latter possibly requiring the use of a

magnifying glass. Uniform corrosion is a wasting away of the plates, and
its depth can be determined only by drilling through the plate and measur-
ing the thickness, afterwards plugging the hole. Pitting is due to a local

chemical action, and is readily perceived. Grooving is usually due to buck-
ling of the plates when under pressure, and frequently to the careless use

of the sharp calking tool. Seam leaks are generally caused By overheating,

and demand careful examination, as there may be cracks under the rivet

heads. If such cracks are discovered, the seam should be cut oiit, and a

patch rivetted on. Loose rivets should be carefully looked for, and should

be cut out and replaced, if found. Pockets, or bulging, and burns should

be looked for in the firebox. The former are not necessarily dangerous, but

if there are indications of their increasing, they should be heated and forced

back into place or cut out and a patch put on. Burns are due to low water,

the presence of scales, or to the continuous action of flames formed on ac-

count of air leaking through the brickwork. The burned spots should be

(nit out and patched as previously described. The conditions of all staj's,

braces, and their fastenings should be examined, and defective ones replac-

ed. The shell of the boiler should be thoroughly examined exterijally for

evidences of corrosion, which is liable to set in on account of dampness, ex-

posure to weather, leakage, etc, and may be serious. The boiler should

be so set that joints and seams are accessible for inspection and should

have as little brickwork in contact with it as possible. The brickwork

should be in good condition, and not have air holes in it, since they decrease

the efficiency of the boiler and are liable to cause iiijury to the plates by
burning, as above explained, and also by unevenly heating and distorting

them. The mud-drum and its connections are liable to corrosion, pitting,

and grooving, and should be examined as carefully as the boiler.

All valves about a boiler should be easy of access, and should be kept

clean and working freely. Each boiler should have at least three gauge
cocks, properly located, and it is of the utmost importance that they be kept

clean and in good order, and the same may be said of the glass water gauge.

The middle gauge cock should be at the water level of the boiler, and the

other two should be placed one above and one below it, at a distance of about

6 inches.

The conditions of the pumps or injectors should be looked into, to make
sure that they are in the best working order. The steam gauge should be

tested to ascertain that it indicates correctly, and if it does not it should be

corrected. If the hydraulic test is to be used, the boiler should be tested to

a pressure of 50 per cent, higher than that at which the safety valve will be

set.

External Inspection when Boilek is under Steam.

The gauge cocks and also the gauge glass, should be tried, to make sure

that they are not choked. The steam gauge should be taken down, if per-

missible, and tested, and corrected, if necessary. The gauge pointer should

move freely. Blowing out the gauge connection will show whether it is

clear or not. The boiler connections should be examined for leaks. The
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safety valve should be lifted from its seat, to make sure that it does not stick

from any cause, and it should be seen that the weight is in the right place.

Observe from the steam gauge if the valve blows ofi at the pressure it is set

for. See that all pumps and feed apparatus are working properly, and that

the blow-off and check valves are in good order. Blisters and bagging may
sometimos be detected in the furnace. The conditions of the brickwork is

of considerable importance, since the existing of air-holes is a source of trou-

ble, as already explained.

Incrustation. One of the chief sources of trouble to the boiler user is

that of incrustation. All water is more or less impure; and as the water in

the boiler is continuouply evaporated, the impurities are left behind as pow-
der or sediment. This collects on the plates forming a scaly deposit, vary-

ing in n.xture from a spongy, friable texture to a hard, stony one. This de-

posit imped>»8 the transmission of heat from the plates to the water and of-

ten causes overhearing and injury to the plates. The various impurities in

the water may be either in suspeusiou or solution. If the former, the water

can be purified by filtration before going into the boiler. If the latter, the

siibstances must first be precipitated and then filtered. Many impurities

may be removed by healing the water before feeding it into the boiler. The
first thiQg to do, when deoling with a water supply, is to have an analysis

of it made by a competent chemist. The fact that water contains a certain

amount of "solid matter is no criterion as to its unfitness for boiler use. The
presence of certain salts, s'.s r arbonate or chloride of sodium, even in large

quantities would not be serious if due attention were given to the blowing

off. On the other hand, salts of lime in the above proportion would be very
objectionable, requiring greatly increased attention in the matter of purifi-

cation and blowing off or else cleansing out.

The various methods of dealing with impure water may be classed as

ffillnws.

1. FiLTHATiON. Where the matter is held in suspension, it can be re-

moved, before the water enters the boiler, by the aid of settling tanks or by
filtering, or by forcing the water up through layers of sand, broken brick,

etc., or by using filtering cloths in a proper machine.
2. Chemical Treatment. Clark's process combined with a frequent

filtration (the joint process being known as the Atkins system), has
been successfully applied on small and large scales in the chalk districts of

England. Lime water is mixed with the water to be purified, the amount
used depending on the composition of the water, as determined by a careful

analysis. The lime is thus precipitated, and the water is then filtered in a
machine containing travelling cotton cloths. Not only is the carbonate of

lime entirely removed, but it has been proved that any sulphate of lime that
may be present is also prevented from incrusting. This is important, as the
latter impurity forms, perhaps, the worst scale one has to contend with.

Various chemical compounds are in use for boilers. Carbonate of soda
is perhaps the best general remedy.. It forms the basis, in fact, of nearly
all boiler compounds, whatever their name or appearance. This soda deals
efficaciously both with the carbonate and the sulphate of lime. The precipi-
tates thus thrown down do not form a hard crust ; they can be washed nut in

the form of sludge or mud.
Carbonate of soda is also useful where condensers are employed, as it

counteracts the effect of the grease, which is brought over with the exhaust
steam. If used in too large quantities, it will cause priming. The best
way to use it to make a solution of it and connect with the feed, fixing a
cock so as to regulate the amount fed in. Soda ashes is cheaper, but more
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of it is required, and, besides, it is generally impure. Caustic soda re-

moves lime scale quicker than ordinary soda does, but it is mucli stronger
and liable to attack the plates. It should be used in smaller quantities than
the ordinary kind.

Barks, molasses, vinegar, etc., develop acids that attack the plates.

Animal and vegetable oils do the same, and also harden the deposits, and
make their removal more difficult. It is a good rule to keep all animal and
vegetable matter out of boilers altogether.

Feed-Watek Heaters. Carbonates and sulphates of lime are precipi-

tated by high temperatures.. The heaters should be arranged so that the
deposit forms chiefly on a series of plates that can be easily removed for

cleaning. If the deposit gathers in pipes, however, it is simpl\ transferring

the evil from one vessel to another. A double advantage is gained by these

heaters, for the feed water is put into the boiler already heated, and ao fuel
is saved.

^Ik( iiAxiCAL Aids. Deposits take place chiefly in sluggish places.

A'arious devices to aid circulation have been brought out. With good at-'

tention and a not too impure water, they give satisfactory results.

Potatoes, linseed oil, molasses, etc., are sometimes put into the boiler
with the idea of lessening scale formation, by forming a kind of coating
around tlie ])articles of solid matter and so preventing their adhering togeth-
er. This certainly takes place, but the substances are injurious, as already
pointed out. Whenever a boiler has been cleaned out, we may with advan-
tage give the inside a thin coating of oil, or tallow and black lead; this ar-

rests the incrustation to a great extent.

Sand, sawdust, etc., are often used, the idea being that their grains act
as centres for the gathering together of the solid matter in the water, the
resulting small masses not readily collecting together themselves being eas-

ily washed out. This may be so, but the cocks, valv«s, etc., are liable to
suffer from the practice.

Kerosene is strongly recommended by some boiler users. There is no
doubt that in many cases its use has given good results. It prevents in-

crustation, by coating the particles of matter with a thin covering of oil,

the deposit thus formed being easily blown out. The oil also seems to act on
the scale already formed, breaking it up and thus facilitating its removal.
As already remarked, it is a good plan, when the boiler is empty, to give
the inside a good coating of this oil, afterwards putting it in with the feed,

the supply being regulated automatically. As to the quantity required,

this will be found to vary in different cases, according to the nature of the
water; an average of one-quart per day for every 100 horse power will give

good results in most cases.

In marine boilers, strips of zinc are often suspended ; the deposit often

settled on them instead of on the boiler plates. Also, any scale that may
be formed on the latter is less hard and compact and more easily broken up.

Further any acids formed by the oil and grease brought over from the con-

denser attack this zinc instead of the boiler plates.

Miscellaneous. Acids are often introduced into boilers to dissolve

the scale already formed, the solid matter then being washed out. Thisi.

treatment shoiild be adopted with great care if at all, as the plates are like-

ly to be affected.

Scale is often loosened and broken up by deliberately inducing sudden
expansion or contraction in the boiler. In the former case, the expansion

is brought about by blowing off the boiler, and then, when it is quite cooled
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down, turning on steam at as high a temperature as obtainable, thus caus-

ing the scale to expand more quickly than the plates and thua become loose.

In the second method, the boiler is blown off when the steam is at its

highest, and a stream of cold water is then turned in. The fires are then
drawn, and the fire-hole doors, dampers, etc., opened, letting in a rush of

cold air. All this cools the plates, and, by the contraction thus brought
about, loosens the scale. These two practices should be guarded against.

Foaming or priming is usually due either to forcing a boiler beyond its

capacity for furnishing dry steam, or to the presence of foreign matter. It

is dangerous if occurring to any great extent, since water may be carried

along with steam into the engine, and a cylinder head knocked out. Foam-
ing, when it cannot be checked by the use of the surface blow-out apparatus,

may necessitate the emptying of the boiler, which must then be filled with
fresh water; this rids the boiler of the impurities that have collected during
the operation of the boiler.

FiHE Protection.

It is obvious that suitable fire protection is being considered from other
motives than that of a mere compliance with the law. The experience of

the past year in this Province has proved beyond doubt the urgent necessity

for greater consideration in the construction and equipment of factories,

with a view to lessen the chances of destruction by fire. Many theories have
been advanced aa to the best methods of construction and equipment, but to

my mind there is no more effective lesson than that which has been demon-
strated by practical experience. It was proved beyond doubt in the big
fire in Toronto last year, that no form of construction practically available
will stand up in the face of a fire that penetrates or strikes from both sides.

This being the case it becomes necessary to protect the openings. Ribbed
or wire glass with suitable iron sashes and frames has been suggested,

but this has its defects in that radiant heat passes through wire

glass almost as easily as it doeg through any other glass, and the records

which have contributed to the success of wire glass are due to the fact that

nothing combustible was behind such glass. If combustible materials were

stored in the vicinity of such windows, it is quite possible that the radiant

heat caused by a fire in the vicinity would create a fire. Of course, I do not

mean to assert that wire glass is not useful in a way, but it has its limita-

tions. It does not stop the passage of radiant heat. The same may be said

of water curtains, and it is only necessary to point out what may be a mis-

apprehension as to the scope of efficiency justly allotted to this means of pro-

tection affainst fire, as both of these devices are beyond the experimental

stage. The window sprinkler may be counted as another device that comes
in for a good deal of praise, but it is claimed on good authority that the in-

side automatic sprinkler is much more effective. But judging from past ex-

periences, to guard against exposure from fire it would seem most desirable

that the walls be concrete, cement or brick, of a suitable thickness in pro-

portion to their height, with suitable designed openings protected by iron

shutters suplemented by automatic sprinklers. The shutter should be of

solid sheet steel plate, supplemented by an asbestos or porous covering,

which would check the radiation and provide a shutter that would be most
practical in its application as compared with tin clad shutters which take

up space and are ineffective in many cases. It would seem most desirable

that this subject should receive the earnest attention of our technical schools

and laboratories, as there is yet room in the larsre and varied field for suit-

able devices that would protect our factories, offices, tenements, and public
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buildings from the dangers of fire. The Ontario Factories Act provides
that all factories must be equipped with one or more systems of fire-escapes

to protect the employees, and the Inspectors have been vigilant in having
such protection provided in every case that has come to their notice. It is

not only just, but absolutely necessary, that the Shops Act should provide for

the same degree of fire protection as that required by the Factories Act. In
the Province of Quebec and many of the American States, it is provided that

all public buildings, such as schools, public halls, hotels, and even tena-
ment flats, be provided with suitable fire protection, such laws being en-
forced by the factories inspector. From my experience there is much to
commend this enactment, as the inspectors, in the discharge of their duty,
frequently meet the opposition afforded by the indifference shown in protec-
ting other public buildings over which they have no control. It is, there-
fore, desirable that the Shops Act be so amended as to conform with the re-

quirements of the Factories Act in this respect, and that in cities and towns
a more active interest be taken in the protection of life and property.

Saw Mills.

During the past year I have visited a large proportion of the lumber
mills of this Province, and am pleased to say that notwithstanding the great
activity in that line of industry, the factory laws were being fairly observed.
Lumbering, like other industries, has very materially advanced from a sci-

entific staudopint within the past quarter of a century. This applies to

methods of safety as well as production. There is, however, one feature
that seems inevitable, where the changing conditions of the lumber industry
exist, and where there is a shortage in labor, men are frequently placed at

machines or dangerous occupation, with which they have not had any ex-
perience. I have always advised against such application of labor, as the
possibility of accident is greatly multiplied by placing 'a man at a danger-
ous work with which he is not familiar. ' I was pleased to see that the laws
relating to the employment of children in the mills visited by me last year
were being observed ; but I found in some of the newer ground that children
were emplojed. In every case, I insisted that the law be complied with.

Some complaints have reached the Inspectors about the number of hours
that men are engaged in those mills. Of course, this is a matter over which
the Inspectors have no control, as far as male adults are concerned. Con-
sidering that many of those mills run the full twenty-four hours, with one
staff' for night and another for day, each working ten and one-half or eleven
hours, it would seem that such continuous labor could be worked with great-
er safety on the principle of three changes in the twenty-four hours, in-

stead of two, as at present, as it is established that in event of dangerous or
laborious occupations, men are fresher, brighter and more alert where their
physical strength and brain power are not exhausted by a long and labori-
ous task. In view of this night work, I have recommended that good and
substantial protection be provided for all dangerous parts, as well as good
lighting, and in all lines of industry that are operated on the principle of
continuous employment I have recommended that good and sufficient light
be provided.

Child Labor.

There is an ethical side also to the experience of a factory inspector.

He has from time to time his personal attention called to the misfortunes of

the poor. Parents desire, for a small allowance, to permit their children
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to enter in mere infancy upon a life of toil, to grow up illiterate, or nearly

so, to be stunted physically and warped mentally. For these we feel all the

emotions that a human consideration of the circumstances may warrant. We
cannot but express our regret that conditions exist, which even in a single

instance, demand that the infant must sacrifice its future well-being to save

the parents and itself from the terrible pinches of poverty. Although we
enforce the law regarding child labor in factories, and in some cases have
specially arranged with the respective truant officers to assist us in perform-

ing this duty, yet it is not the most unpleasant feature of our experiences

to recollect that we can occasionally be of some benefit to the unfortunate
individual and family, while at the same time discharging our duty. Of
course, there are cases where children are found at work when the parents

do not really need the fruits of their labor, and thus we come across woeful
indications of either parental heedlessness or depravity, which gives us a

view of some specimens of mankind that, fortunately, are comparatively
rare. School and other authorities, by granting permits to children, have
misled some employers to think that this permit allowed them to employ the
child in their factories; but, as we have explained, there is no legal author-
ity given to any one individually to allow an employer to engage a child un-
der fourteen years of age to work in a factory, and we do not intend the law
shall be violated.

Closet Vextilation.

The amended sections of the Factories Act relating to closets, calls for

one closet for every twenty-five persons employed, and such closets to be well

ventilated. \o person of ordinary intelligence will question the impera-

tiveness for pure air in such cases, and there is not the least excuse for its

not being supplied. With the exercise of a little thought when installing

the plant, the removal of the foul odors and purification of the air can. nev-

ertheless, be readily accomplished. . In my opinion it is but a question of

time when the minds of tTie majority of proprietors of dry goods stores, mer-
cantile houses, and owners of factories in every place will be convinced of

the advisability of procuring pure air in sufficient volume for the proper

comfort of their employees, and thereby save much time lost by clerks on
account of sickness, directly caused by poor ventilation and bad air. If the
public at large could fully appreciate that heating and ventilating are both

necessary, and that they should go hand in hand, our :factory and mercan-
tile buildings would be arranged and equipped in many cases different from
what they now are. The fan system of heating and ventilating or blower
system, as it is sometimes called, possesses merits for such situations far ex-
ceeding those of any other method. The ventilating and heating is accom-
plished at the same time, being combined in one apparatus, large fans and
steam coils being employed, which are concentrated at a given point, usu-
ally in the basement of the building. The construction of the apparatus is

of such character that the ventilation may always be accomplished, and the
air kept at a mild and healthful degree of comfort at all times. The latter
result is obtained by the ability to perfectly regulate the amount of heating
surface, as required by the natural outside temperature, and even to such
an extent that it may be entirely closed off during the summer, and the fan
run for ventilating and cooling ofF,

Mechanical Exhaustion of Dtjst.

Much progress has been made in my district on this important pointj

Installations for the removal of dust caused by grinding, polishing, and
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buffing, require very careful adaptation to their purpose, and in this regard

I may say that fans, together with proper sized pipes and hood, should be
used so as to secure a complete exhaust. Moreover, much time and atten-

tion is required on the part of inspectors to see that the standard originally

arranged for, is maintained. Allowance has also to be made for the size

and shape of the various articles that have to be ground and polished, so

that the tixiug of a jierfect installation calls for considerable care and fore-

thought. Much special attention has been given to the methods of removal
of dust and fumes, etc., arising in the course of the various processes of

manufacture carried on. In a great many cases I have been willingly met
by the employer, and such suggestions as I have made, have, as a rule, been
promptly carried out. In some cases the evils existing, owing to structural

difficulties have not been entirely removed, though improvement has taken
place. In factories with finishing machines creating dust, it is absolutely

necessary that regtilar attention should be given to the pipes that are inten-

ded to convey the dust from the machine to the dust receiver. Unless
these pipes are kept free from obstruction, the action of the fan will be im-
peded, and the dust, instead of being conveyed through the pipes, will be
forced back into the face of the operator, thus creating a nuisance and a

source of danger to health. Although we have devoted much time and giv-

en special attention to this matter, I assume in many instances, dust that
should have passed through the pipes to the receiver has found its way into

the finishing room, to the discomfort and disadvantage of the workers. But
there are so many firms engaged in the polishing industry in a small way,
that it will take some time before all is working satisfactorily, and comple-
ted.

Elevators.

The amended regulations relating to elevators are fts follows: "The
openings of every hoistway, hatchway, and well-hole used for power eleva-

tors shall be at each floor including the basement, provided with and pro-

tected by good and sufficient trap doors or self-closing hatches, or by gates
closing automatically, which gates shall not be less than five feet six inches
high, and may be in sections, if desired. The sides of the shaft on all

floors, including basement, not guarded by gates, shall be protected by en-
closures at least six feet high, approved by the inspector. "Where the ele-

vator is enclosed in a tower having walls over six inches thick, it may be
provided with an extra operating rope outside the tofwer. In every case the
elevator must be provided with a lock to secure the operating rope. In case
of elevators operated by hand power the gates must not be less than three
feet in height and must be automatic closing gates, and the sides not pro-
tected by gates must be protected by enclosures not less than four feet in
height, approved by the inspector. A clearly painted sign marked "Dan-
gerous." having letters not less than four inches in height, must be affixed

or stencilled on the bottom rail of every gate, where it will be plainly visi-

ble from the outside. The top of every elevator platform shall be provided
with n stifficient guard to protect the occupants, approved by the inspector."

The amendments contained in the foregoing factory laws, passed at
the last session of the Legislattire, have proved most effective in providing a

standard for protecting elevators, which could not be practicably protected
by the existing trap-door system already provided by the Act. The impor-
tance of this legislation cannot be over-estimated. Notwithstandin?, the
protection already required, not less than eight serious accidents, three of
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which were fatal, were reported to me during the past year. Of course, uo
matter what the protection may be, where what might be justly termed
criminal negligence exists and is tolerated we cannot hope for good results.

I have frequently seen elevators provided with all the safety devices required

by law, and the same rendered useless by the fastening up of some trap-door

or gate leaving the opening entirely unprotected. On investigation, it is

usually found that the slightest, and in some cases most ridiculous excuseB,

are ottered as a reason for such iuditiereuce towards the pruteuUon that is

provided. Such people not only imperil themselves, btit also those who may
uususpectiugJy come in contact with such dangerous places.

Circular Saws.

Circular saws should be erected in well-lighted premises, which should
be isolated as much as possible from all contingent machinery. The pas-
sage between the machines and the floor in the neighbourhood of the saw-
ing bench, should be free from all objects that might hamper the woikuiaii
in his movements or cause a fall. The dangerous vibrations of the bench
and the blade during work are avoided by the use of a smooth and even bench
of solid construction fltted to a firm door. The workman should wear close

fitting clothes with tight sleeves, which are indispensable. Again, saws
should be erected under favorable conditions for work, and they should be
well adapted to the kind of work expected of them. Persons not customar-
ily employed at them should be prohibited from using the saws. In every
case, saws should be guarded where practicable against the possibility of a
accident happening either by coming in contact with the saws, or having
pieces of timlicr come in contact with the saw teeth, thereby throwing with
great velocity the board against the workman and seriously injuring him.

Reports of Accidents.

Sections 22, 23, and 24 of the Ontario Factories Act, relating to the re-

porting of accidents, are verj- important, and are as follows

:

Section 22. In case of a fire or accident in any factory occasioning any
bodily injury to any person employed therein, whereby he is prevented from
working for more than six days next after the fire or accident, a notice shall
be sent to the inspector in writing by the employer forthwith after the ex-
piration of the said six days, and if such notice is not so sent the employ-
er shall be liable to a fine not exceeding |30.

Section 23. In case of an explosion occurring in a factory whether any
person is injured thereby or not, the fact of such explosion having occurred
shall be reported to the inspector in writing by the employer within twenty-
four hours next after the explosion takes place. And if such notice is not
so sent, the employer shall be. liable to a fine not exceeding |30.

Section 24. Where in a factory any person is killed from any cause, or
is injured from any cause, in a manner likely to prove fatal, written notice
of the accident shall be sent to thfe inspector within twenty-four hours after
occurence thereof, and if such notice is not so sent, the employer shall be
liable to a fine not exceeding |30.

While the accidents reported to me during the past year have increased
in numbers, as compared with last year, I am inclined to believe that the
cause is largely due to a more strict compliance with the law in reporting ac-
cidents, added to the demand for more labor in the industrial fields keeping
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pace with the progress made in the mechanical and manufacturing indus-

tries to meet the constantly arising needs, and accomplish the purpose de-

signed. Time is ever fraught with the practical study of ideas which find

their development in the genius of invention. The vast improvement in

machinery through the many mechanical devices that have been invented
has produced radical changes in the methods of manufacturing, and, while
the aim is naturally in the direction of securing better facilities for produc-
tion in the saving of time and labor, and in obtaining as well superior qual-

ities in work, it is furthermore directed to means of safety and
security in the operation of machinery', which is attended with so

much danger and risk. To enjoy full immunity from casualties and mis-

haps is not among the dispensation* allotted to our existence, but to avert

many of such is happily, within our power, and to do this is an imperative
and absolute duty. During the years of its operation, the Act in relation

to the reporting of accidents in manufacturing establishments has shown
much to commend it, and considered in connection with the laws providing
for safeguards to dangerous parts of machinery has proved a beneficial mea-
.sure, and a great aid in the work of the Inspectors. In the examination of

the causes leading to the more serious accidents, the Inspectors have in many
cases succeeded in tracing defects, and thereupon caused provision to be
made for the necessary and proper appliances or guards for the dangerous
parts in question. There is, however, an obvious advantage in having a

record of these accidents, as it tends to show what should be done to prevent
their occurence, and furnishes a mass of information for the guidance of the

legislature. No methods of protection or of prevention would be a suit-

able guard against gross negligence or recklessness, but whatever dangers
are preventable should be eliminated as far as it can be done by legislation.

The constantly increased use of electricity creates peril from which accidents

may be expected, and I have in all cases advised that workmen be thorough-
ly instructed as to the danger of exposed electric currents, and that none
but those so instructed be allowed to operate the same.

There were 401 accidents in all' reported during the year which occurred
in my district and arc herewith appended .

All of which I have the honor to submit.

Tours respectfully.

JAS. T. BURKE,
Inspector of Factories.
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To the Horonable Minister of Agriculture :

SiE,—I have the honor to submit a report of the inspection of factories

and workshops in the district assigned to me for the year just closed.

Growth of Factories.

Following the experience and necessities of last year many factories have

been enlarged, some even to double their former capacity, which is a grati-

fying feature and evidence of prosperity, caused no doubt by the increased

demand for domestic and other articles incident to the settlement of newer
Ontario and the Western Provinces. Such changing conditions are frequent-

ly the cause for additional work for the factories inspector, as the demand
for goods makes those changes hurried, depending on the future for final ad-

justment and safety. I have always advised that safety should be a first

consideration. In this, I have met with little opposition from enterprising

manufacturers, who realize that the factory laws are equally in their inter-

est ; but I occasionally met an indifferent manufacturer, foreman or worker
who is hardened to the danger of factory life, and nothing less than a seri-

ous accident would convert such an one to any degree of precaution or safety,

f^uch cases ais these have to be considered by the stem regulations provided
by the Factory Act.

New Factories.

The foregoing also applies largely to new factories in. the same manner,

many of which have been established during the past year. As there is

likely to be a further increase along this line in the future, 'it should be im-

portant to those interested to acquaint themselves with the requirements of

the Factories Act, so that when new factories are installed costly changes
would not have to be made to meet the requirements of these laws. The in-

creased demand for more room in manufacturing, also increases the demand
for labor, althoiigh generally the same shortage does not appear this year
as that of last. As the increased demand for labor is frequently attended
with the introduction of unskilled labor, the placing of men at dangerous
machines and in places that require skill and experience to continue work
with a practical degree of safety, should not be overlooked. In this respect I

have advised that due care and precaution be always observed in placing
men at dangerous work vs'ith which they are not familiar.

iNDtrsTEiAL Conditions and Child Labor.

The increased demand for labor, skilled and unskilled, also makes in-

creased labor for the Inspectors. This applies in a special manner to canning
factories where children and women are emploved. It is evident that the

number of people employed in factories have increased by thirty per cent,

within the pnst ten years, notwithstanding' the introduction of labor-savinsr

machinery. It is also evident that the condition of the workers has imnroved,
which is larsrely due to wise legislation, the vigilance of the inspectors, and
the experience of enterprising manufacturers, who in some cases are in ad-

vance of legislation, knowing that where proper safeguards and good sani-

tary conditions are provided the best results will follow. Again, we find oth-

ers who are adverse to any progressive move, and are always trying to evade

[15]
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the law, and who will even go so far as to lie to the Inspectors to accom-
plish their purpose. The latter class are few 4n numbers, but such characters

are not a good example and require the closest attention of the Inspectors.

This class is not confined entirely to the manufacturers, as we frequently find

that parents in their desire to put their children to work will not hesitate

to issue false certificates of birth, and instruct the Httle ones to lie in order

to accomplish their wicked purpose. I do not maintain that all such cases

are designedly wilful, but will deal with that in another part of this report.

As the importance of this "child labor" problem is attracting the attention

of some of the most prominent nation builders of America, as well as govern-

ments and philanthropists, I feel justified in drawing attention to the claim

for more active legislation. The employment of child labor Is forbidding;

it is a social sore and a national blight. Labor for adults is a blessing in

disguise. The favored few who are exempted from all exertion have no reas-

on to be thankful for the privilege. Indeed, the average normal adult is not
inclined to shirk the honorable toil of hand or head; with him the work that

supplies food, shelter, and education for his wife and family is a pleasure:

with others it is a passion and a pastime. But if we know anything about the

purpose of a Divine Providence: if there are any lessons to be learned from
nattire, from experience, from history, sacred or profane: then, toil was tiot

intended for the growing child. Even the beasts of the field and the fowls of

the air provide for their young. Shall civilized man shamelessly do less? The
employment of child labor presents itself in so many different forms that the

need for more uniform legislation is quite evident. For instance, our Factory
laws provide that nhildren must be of the full age of fourteen years before
they can be lawfully emnloyed in a factory, whereas, the Shops Art provides

that ten years will satisfy the law. Then we have the canning industry, with
no age limit extending over four months of the year. This latter of itself -v^^ill

prove the effect of legislation. I have seen mothers with whole families from
five years up at work in those canning factories. If there were no legislation

what would be the result ? Not only are wages lower and hours of work gen-
erally longer, but the quantitj- and quality of production is inferior in the
indtistries where children are employed. In the competitive struggle, mer-
chants and manufacturers have often failed to realize that the employment
of cheap labor retards production and greatly weakens the market. The fact

is often ignored that the working classes are largely the purchasing classes,

and that by employing children at reduced wages they lessen the opportuni-
ties of employment for adult workers, and consequently, the consumptive
powers of the community. But the moral standpoint is quite as important
as the economic one. It goes without saying that there are manufacturing
establishments where the moral atmosphere is as healthy as a well ordered
home, and where the environments in no suggest or encourage vice; but these
model establishments are by no means those where wealth is accumulated
from child labor.

There are factories in which dissolute adults are employed with chil-

dren, and where the sanitary arrangements expose the children to tempta-
tion and disease. There are places where children are worked into the late
evening hours, and then turned out to seek their homes as best they may.
All waifs and factory children do not become invalids, criminals, menaces
to society, or burdens upon it. "We have abundant proof of this. But that chil-

dren environed with such evils in the most crucial years of human life pass

on to sound manhood is little short of a miracle. Whether the child be-
comes the victim of industrial conditions through the neglect, the greed, or
the misfortune of those who should be its natural protectors, the child is
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not responsible for its condition. It is robbed of childhood, education,
health, happiness, and innocence; and for all Sts losses some person, other
than the child, is responsible. Society and the country are impoverished
when the material out of which useful citizens could be made is recklessly
wasted. It has been said that character development is the keynote of to-
morrow. Then the child of to-day should be provided with such conditions
as will give it fair opportunity to develop into the man or woman of good
health, sound brain, and clean life. From the present status of the child
in some communities, it would be a long way to travel to this ideal. It
would be absurd to demand that child labor of all kinds should be forbid-
den, but there are, however, certain propositions which will be generally
admitted and possibly these four may be considered as a general basis:—

1st. No child should be allowed among dangerous machinery while the
same is in motion.

2nd. No child should operate a machine by its own physical power.

3rd. No child should be suffered to stand all day or to sit all day.

4th. No child should be shut up all daj' within the walls of a factory,

workshop, store, or office.

If public sentiment can be brought to consider these propositions favor-

ably, child labor would be greatly lessened, and its evil largely corrected.

For nearly every child at work to-day, save those employed in agriculture

or assisting in domestic work, is subject to one or more of these conditions.

The need for at least a public school education should not be overlooked as

we are living in an age of science and education, and the child of to-daj' with-

out education stands in the shadow of an uphill future. At this moment I

recall having been in a factory within the past year where several children

were employed, and on an actual test ten per cent, of those present could

not write their names. Some of them tolil me they were attending evening
school ; but the evening school cannot and should not afford the only educa-
tion to which the child is entitled. When a child has worked all day it is

physically and mentally unfit for study. It is little short of cruelty to sug-

gest night study under such circumstances, and folly to expect good results

where it is adopted. Few people realize what many children in factories do,

or what they endure. In some operations they travel from sixteen to twenty
miles per day. Occasionally, intelligent persons are heard to say, and point
with pride, to the fact that they began work at ten or twelve years of age, and
are none the worse for having done so. Whether they are not the worse for
this or not, they are the last to permit their children to do as they have
done, and for tMs I would give them credit. It is sometimes stated that
children are better off at work than in a home of tenement houses where the
associations are not conducive to morality. It should not be forgotten that
their associates in the factory and workshop are themselves from the same
tenement house districts, and the atmosphere of the tenement home cannot
be worse than the tenement fed factory. As to play or recreation, there
is not time for play, there is no play left in their lives—nothing but hope-
less grind. They rise from sleep unrefreshed, ^and often go forth with un-
satisfied appetites! It is claimed that seventy per cent, of the children in
reformatories are the offspring of hard working people. Statistics have
proved that instead of increasing the family income, the employment of
children reduces it. In all occupations where children are employed the
wages of the adults are at the lowest ebb, and the sweat shop is the nursery
for child labor. Even in that hot bed of industrialism, England, they have

2 FACT.
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opened their eyes to the shame of child labor. The condition there, and re-

cent legislation for relief, aie best set forth by a recent article by that elo-

quent social reformer, Lady Henry Somerset: "The revelations of the last

few years, thanks to those who have consecrated their lives as the children's

friends, have shown how abject poverty can blind its victims until they can
no longer see the cruelties they practice in their feverish struggle for daily
bread. When a woman is making boxes at twopence farthing a gross, there

is no leisure for love. Life is one long drive to keep soul and body together,

and children have to be enlisted in the struggle. Here the state steps in.

Is such legislation called grandmotherly? Then I can only feel that the
double tenderness which holds a woman's heart to the child of her child
i« a good simile of what a country ought to feel, and how a nation ought to
net to the child whom it protects."

In the United States public conscience seems to have awakened to the

evils of child labor, and the recently formed National Child Labor Commit-
tee is a crystallization of this fact. Its members are of the highest character

and influence in all the different walks of life, which is a fair guarantee of

wise and forceful work. It might not be out of place to give here the names
of those who appear on this Committee, which are as follows: Felix Adler,

New York; W. H. Baldwin Jr., New York; Edgar Gardner Murphy, Secre-

tary of the Southern Educational Board, Montgomery, Alabama; Holmer
Folks, Former Commissioner of Public Charities, New York; "Win. E. Har-
man. New Y'ork; Jane Adams, Chicago; Florence Kelly, Secretary of Na-
tional Consumers' League, New York; Mrs. Emmons Blaine, Chicago; Lil-

lian D. Wald, head worker of the Henry Street Settlement, New York; Stan-
ley McCormick, Chicago; Hugh F. Fox, President of the State Board of

Children's Guardians and of the Children's Protective League, New Jersey;
Cardinal Gibbons, Baltimore; Hoke Smith, Atlanta, Georgia; T. Everet
Macy, New York; John W. Wood, New York; Eobert Deforest, President of
the Charity Organization Society, New York; Bishop David H. Greer, New
York; Edward T. Devine, editor of Charities, New York; John Graham
Brooks, Cambridge, Mass.; Isaac Seligman, Banker, New York; Paul M.
Warburg, of Kuhn Loch & Company, New York; Dr. G. B. Wilmer, Atlan-
ta, Georgia; Talcutt Williams, Philadelphia; .Judge N. B. Feagan, Birming-
ham, Ala.; Senator B. E. Tillman, South Carolina; .John S. Huyler, New
Y^ork; Adolph S. Oaks, Proprietor of the Times, New York; Judge Ben B.
Lindsay, of the Children's Court, Denver, Colorado; A. J. Casset. President
of the Pennsylvania Eailroad. Philadelphia; Eobert Hunter, Noroton, Conn.

;

Ex-President Grover Cleveland, Princeton, New Jersey.

Pending the permanent organization of the committee, Holmer Folks,
former Commissioner of Public Charities for New York, is acting chairman,
and Edward Devine is acting secretary. I might say in connection with this

committee that at the recent convention of Factories Inspectors, held at St.

Louis, Mr. Edgar T. Davies, Chief Factory Inspector for the State of Illi-

nois, introduced a resolution providing that a sub-committee of this nation-
al committee be heard at the next annual convention of the International
Association of Factory Inspectors to be held in Detroit next year, with the
object of disseminating such information as would be useful in the way of
formulating uniform legislation, and any other recommendations that might
be useful to the Factories Inspectors. It may seem unnecessary to seek in-
spiration from other countries, but it is for us to right the wrongs that may
be at our own doors, and neither the coarseness nor crudeness of parents, nor
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the leciuireiueuts of positiou, of society, of couveiitioiial opiuiuu, or of cus-

tom, sliould not weigli agaiust a reform movement wiiere tlie luiiire ol u

uatiou is involved.

Tkere is another phase of this question to which I wish to refer, and one

that is said to be the cause of many violations of the child labor laws m
this Province, and that is where a weaker person is solely dependent on the

child for his or her support. It would seem that some provision should be

made for such extreme cases. It has been suggested that where such cases

are known to exist a school fund be established where the child would be

paid an equivalent for attending school. Of course, such a regulation would
have to be general, whatever may be the remedy. It is evident to me that

such cases frequently exist where from sickness or the loss of the chief bread
winner, the resources of some good living, law abiding people are strained
to the necessity of accepting the only assistance that seems available by plac-

ing their children in a factory, thereby robbing them of education, child-
hood and innocence; and to evade The vigilance of the factory inspector, such
children are sometimes instructed to lie to conceal their true age, and their
parents or guardians will in some cases issue false certificates of their age,
all of which originates in the pure want of the small pittance which may
serve to keep the .scanty home or little family together. Such cases as these
have appealed to me more than once during the past year. I have dealt
with this subject at some length, speaking on behalf of the little ones, as
I feel that the adult portion of this Province will seek such legislation as
may be required from time to time to protect their rights.

Sanitahy Conditions and MEDir-AL Health Officers.

It is needless to isay th.it the sanitary conditions of factories and work-
shops is stpa(3ily improving, and vour Government wisely enacted some
amendments to the Ontario Factories Act, at the last session of the Legisla-
ture, that have already borne fruit, and which very much facilitate the work
of the inspectors. For instance, many factories in this Province did not have
sufficient closet accomodation, and where the laws are definite it is easy to
understand its requirements. Under section 15 of the Act providing that
one seat for every twenty-five employees be provided, simplifies that part of
the Factory Act, and has been the cause of much needed accommodation hav-
ing been provided during the past year.

Section 16, providing that employers shall keep sanitary appliances in
"ood repair, is very satisfactory to owners who formerly were very much
troubled by the careless indifference of tenants who considered that the own-
srs were responsible for all defects that might arise even through their negli-
rence. This amendment places the onus of reponsibility where it properly
jelongs.

It would seem, however, that there is one evil, or rather an affliction,

hat is difficult to cope with under any form of legislation. I refer to con-
umptives. I have in mind a factory where the proprietor had provided
pittoons, and at times he found it difficult to have his employees use them.
le requested me to instruct his employees that they were required to use
hem. Strange to say, every one of his employees, thirteen in number, were
ifected with this dread disease. In such cases it is quite possible to com-
lunicate this disease to unsuspecting purchasers of goods manufactured by
ach people. In this respect the Board of Health of this Province, and sub-
rdinate Boards, have done very much for the Province by way of discovery
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auil providing legitimate means in dealing with contagious and other dis-

eases, also in advancing legislation that would ehectually prevent the out-

break of such diseases as the climatic or other conditions of this countrj- are

subject to. It appears to me that a weakness exists that greatly aftects the

progresis of the most active workers in this Province. I refer to the system

of appointing Local Health Officers, and the duties assigned to them. I re-

fer to this, because there is no branch of the public service more closely al-

lied to practical factory inspection than the Medical Health Department.
Hence, it is necessary to have at all times the fullest co-operation of that de-

partment. I have in mind one instance, during the past year where the

Medical Health Officer told me that he was appointed without solicitation,

that there was no salary attached to the office, and that he did not purpose

making enemies by enforcing the law; in fact, he stated that he would prefer

to resign. I advised him that the latter would be the proper course to pur-

sue feeling as he did. Notwithstanding this case, I have known Health Offi-

cers who vigorously enforced the law at a very material loss to themselves,
not only from a pecuniary standpoint, but at the loss of personal friends. So
that it can be readily seen that an injustice exists as well as an evil—an in-

justice to the man who enforces the law and is not protected at least against
Decuniary losses, and an evil where the law is not enforced. As to a remedy
I have suggested that a county or sufficient territory be consigned to a Health
Officer, paying him an independent salary, whereby he could devote hi:

whole time to the duties of that work and would, therefore, become exper
and prove of greater benefit to the whole Province.

Before closing this subject I desire to draw your attention, and that o
the Legislature, to the great work that is being done by the hospitals fo
consumptives at Muskoka. In doing this I only need to refer to the officia

report of the Secretary of the Provincial Board of Health which shows thai
notwithstanding, the increase in population there has been a steady and yer;

marked decrease in the number of deaths from consumption, since these hot

pitals were established. Such work is certainly deserving of every encourage
ment by substantial support, and if given the support they deserve may y«

be the means of removing from our factories and workshops that silent hai
vester that has left vacant chairs in many happy homes. Other condition*
such as ventilation, air space, and the removal of obnoxious gases and dug
are steadily improving, and have received my earnest attention. In th
respect it would be well for those establishing new factories or makinor pe
manent improvements, to bear in mind the great advantage of having wi
dow sashes hung from the top so as to permit of the ventilation of such fa
tories without exposing the operators to the drafts incidental to ventilati(

through the lower sashes. Foundries are another class of workshops that i

quire special attention in the way of ventilation, because of the nature of i.

work employees are subject at times to a very high temperature, and it

important that closets in connection with such shops should be warm a}j

free from drafts.

I have also recommended that «uitable wash rooms be provided whJ
ever circumstances would warrant it, as nearly all moulders desire to hE|
a general wash after their work is done, as it more properly fits them for-
sudden and extreme change of outdoor air. I have recommended washrool
for tanneries, as the nature of this work makes it absolutely necessary [
change the clothing entirely, and it is highly important that a suitable pll

be provided as a wash and dressing room.

!l



1901 INSPECTORS OF FACTORIES. 21

Caa'xing Factories and Ceheal Foods.

Canning factories have had marvellous growth during the past few years,

being partly exempt from the requirements of the Factories Act, and owing

to the .seasons in which the canning of fruit is carried on, these places have

become a very hive of industry, and in many places are regularly operated

throughout the entire year. In some cases meats are canned, and in some
factories the cans are prepared during the winter months for the next year.

I have not been able to give this part of inspection as much attention as I

would like to have done. To do justice to such an important work would re-

quire the full time of the Inspector during the canning season.

The preparation of food, and the sanitary conditions so essential in its

preparation, are so important, and of such a practical nature, as to be rather

the work of a Medical Officer tlian that of a Factories Inspector. But in the

face of this what do we find? Children of all ages, and men and women, en-

gaged in this work without restriction as to the condition of their health.

Bakers who are in any way affected with di.'iease, are not allowed to work in a

bake shop, although the bread they handle is subjected to a heat in the baking

process likely to kill germs of disease; but here we find the very food we eat

handled by people who would naturally be, of the ordinary class and subject

to the diseases of ordinary humanity, and the only safeguard is the enter-

prise and honesty of the manufacturer. The preparation and packing of

cereal foods are subject to the same conditions in a lesser degree, and I am
of the opinion that such legislation should be enacted as would guarantee at

least the same degree of safety that is provided by the Bake Shops Act in

these factories.

Boiler Inspection.

In reference to the inspection of boilers, I simply have to draw your at-

tention to the reports of Factories Inspectors for years past in the demands
for more active legislation, as it has been my experience that the laws in their

present form are both unjust and unsafe. They are unjust to the man who,

because he has six or more men employed, would become amenable to the

Factories Act, while the man employing five or less would be entirely free

from the requirejnents of legislation provided by the Factories Act. It is

not necessary for me to repeat here the many reasons oftered from jear to

year why the laws relating to boiler inspection should be amended. In short,

I believe the Stationary Engineer Bill introduced at the last session of the

Legislature by the Hon. Geo. P. Graham to be the most practical and .satis-

factory solution in remedying the weakness that exists in that part of our

factory laws.

One of the difficult problems that confronts the Factories Inspector in

the enforcement of the present law is to have those inspections made as re-

quired by law at least once a year. It has always been the policy of the In-
spectors to treat every person with a degree of liberality and consideration in
complying with the requirements of the law; but we freqently find that in
requirements pertaining to boiler inspection, where we approach a man tow-
ard the latter part of the year and ask him for a certificate of boiler inspec-

tion he may plead for an extension of time extending later into the year,
which invariably runs into the early part of the following year. At the end
of the year last named the Inspector again demands the yearly certificate
which is returned by saying: "Why I had my boiler inspected this year."
Thus you see the generosity of the Inspector is imposed upon, and the law is
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not complied with. I am, therefore, of the opinion that a definite time
should be provided by law when all these certificates should be returnable

to the Factories Inspectors. This should include the return of all certifi-

cates issued by boiler insurance companies. As referred to before, the un-
safeness of the present laws as a protection to the public is most conspicuous
in small plants and boilers that do not come under the jurisdiction of the

Factories Act. It needs no argument to demonstrate that one, two or three
men killed or injured in a factory where five or less men are employed is just

as great a los^s as if there were fifty employed; and it is needless to say that

under present conditions and requirements the possibilities for accidents are

much greater in those small places, especially where the man in charge of

such places not only attends to the boiler, but is required to perform other
duties which occupy the greater part of his time. During the past year many
serious accidents have been added to the long list of such accidents recorded
against boilers.

FiEE Escapes.

I have little to add to my recommendations with reference to fire-es-

capes in last year's report. It is true many lessons have been learned from
the many disastrous fires which occurred last year, all of which prove the

necessity of strong and eifective legislation in providing suitable means for

escape in the case of a sudden visit from the fiery elements.

During the past year I have had many fire-escapes erected, as required

by the Factories Act, but here again we find need for more uniform legisla-

tion. Under section 21 of the Ontario Factories Act, it is provided that fire-

escapes shall consist of iron stairways with railings, whereas section 15 of

the Shops Act provides only for wire or other ropes, which is a very simple

and unreliable protection especially where females are employed.

I would also draw your attention to the indifference on the part of mu-
nicipalities, cities and towns in providing the proper' or even any siiitable

degree of safety for public buildings and tenement flats, the neglect of which

is often used as an argument against the Inspector when he insists on the

fire protection required by the Factories Act. Such important matters as

these have been referred to and pointed out annually in the Factories Inspect-

ors' Reports, and yet we find no marked inaprovement. In view of this it

would seem that nothing short of a serious catastrophe, such as the burning
of the Ironuois Theatre in rhicacro, would awaken sufficient interest to avert

Or lessen the nossibilities of similar dancers that are at our own door. The
Inspectors feel it to T^» their duty, however, to avail themselves of pverv on-

portunity to place this true condition before the public, and the authorities

of this Province, both legislative and municipal, in the hope that eventually

this much needed protection will be provided. At this moment I have in

mind a case in the citv of Toronto on a flat on the third floor of a five storey
building, where I found about forty persons engaged in the manufacture of

dry goods, the only entrance or exit being a narrow winding stairway. I,

at once, recommended that a suitable fire-escape be provided to protect the
occupants of said factory. The owner finding that under the Factories Act
it was absolutely necessary to provide this protection, said to me: "I will

not go to this expense, I will have the premises vacated as a factory and fix

it up as a tenement flat." And to my surprise I found the two flats above oc-

cupied in this manner with no other protection or means of escape than the
narrow winding stairway referred to. It requires no argument to show
whether a factory or tenement would be most subject to fatalities under such
circumstances. This is but another instance for uniform legislation.
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Saw Mills.

This subject has received a good deal of attention from me in my last

year's report, to which might be added the experience of this j-ear. which cov-

ers ground in the extreme north-west part of this Province, and places that

had not been visited before by me. I am pleased to say that, notwithstand-

ing some of those places would seem to the visitor quite remote from civiliza-

tion or the older or more settled parts of the Province, the laws of the fac-

tory and the Health Act are fairly observed. I was even surprised to find

that where new towns, villages, or hamlets were springing up, great enter-

prise was manifested in municipal improvements, such as sewerage, water-

works, and even granolithic walks. The mills visited by me last year have
fairly observed the recommendations laid down, and with the exception of

boiler inspection in some of the smaller mills, I have reason to believe the

law is fairly complied with. There is, however, one recommendation that

I invariably found useful, that is the urgent necessity and precaution neces-

sary in placing men at dangerous work with which they are not accustomed.
This practice is more evident where men are scare, a condition that has pre-
vailed to a greater or less extent during the past few years and is likely to

continue in this Province for some years, caused by the rapid growth of
the west, and the developments that are likely to occur incidental to the con-
struction of the Grand Trunk Pacific, and other hiq-hwavs of commerce that
are reaching out over this Province; and, therefore, it is not with vague
imagination that the Factories Inspectors look forward to even greater ac-
tivity in the industrial fields.

Guarding Machinery.

This most important part of factory inspection has received my earnest

attention, and I am pleased to say that conditions along this line are being
gradually improved. I find some difficulty, however, in educating both the
manufactiirer and the workman as to the necessity of providing and using
saw guards. It is unnecessary for me to say that the circular saw is one of
the mof^t danarerous, if not the most dangerous of woodworking machines. In
evidence of this you will only need to refer to the long list of accidents re-
corded against those machines each year. One of the difficulties that con-
fronted the inspectors was the fact that saw guards were not manufactured
in Canada. However, by the persistent demands of the inspectors, the manu-
facturers have undertaken to put them on the market, and we, therefore, hope
to meet with less opposition from this source in the future. We frequently
meet men who say they will not use saw guards because they obstruct their
work

; but such men are usually the first to enter suit for damages under the
Workmen's Compensation Act should they become the victim of an accident.
The same applies to other dangerous machines that should be provided with
guards

; but when the makers of machines and parts of machines realize that
such machines are not complete until they are practically safe, then, we
may expect better results and less accidents. I have endeavored at every op-
portunity to impress manufacturers of machines with the importance of hav-
ing them properly protected before they are placed on the market.

Bake Shops and Laundries.

I am pleased to state that these lines of industry have given me little

trouble. During the past year master bakers have, with few exceptions,
fairly complied with the law.
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Laundries are much on the same basis as last year except that each year

provides greater protection for machinery. Sanitary conditions are also im-

proving. The fighting problem that confronts the factories inspector is the

safety of boilers used in laundries which is most important, as those in

charge of such boilers usually have other duties to attend to that occupy the

greater part of their time. Hence the necessity for boilers being extra safe

under such conditions.

Inspection Under the Shops Act.

I have not devoted much time during the past year to the regulations re-

quired by tFe Shops Act, it being largely the work of the female inspectors.

But my attention has been drawn to the fact that in every city or town of

importance, fruit stores are being conducted on the principle of employing
girls into the late evening hours, such employment being in violation of the

Shops Act. On investigation it was maintained that some of such employees
were members of the employer's own family. Of course, there is where the
trouble, or injustice, if you will, arises. If all of those places were employ-
ing help other than members of their own family it would be a simple mat-
ter to enforce the Shops Act, but where two or more persons engaged in the

one business on the same street, or in the same town, the one employing ovit-

side help, while the other employs members of his own family under the pres-

ent Shops Act, tlie one would be guilty of a violation of the law, whereas the

other would have committed no unlawful act. I point this out as an injus-

tice to the man employing outside labor, where the competition is so keen that

men or women will not hesitate to ask and even compel their own children

to do that which they could not lawfully engage their neighbor's children

to do.

Prosecutions Under the Factories 'Act.

During the past year I have had occasion to summon the parentis of

children before the Courts on the charge of issuing false birth certificates

with the object of placing their children to work in factories. Fourteen of

such cases were tried and found guilty, four others being dismissed, the
parents having produced certificates that were found to be satisfactorj'. In
connection with these prosecutions I had the able assistance of Miss Carlyle,

the female Factories Inspector for this Province. In connection with these

prosecutions, and from many other substantial proofs in the hands of the

Inspectors, it is evident that in some places the laws pertaining to registra-

tion of births are very poorly observed. In fact, in seventy-five per cent, of

the cases that have come to my notice, there is no birth record in the Eegis-

trar-General's Department. The same applies to the town and city registrars,

which is evidence of gross neglect and indifference, and deprives the child of

a record the value of which cannot be estimated. In view of the want of

suitable proofs through these departments. I have insisted that where the age

of the child was doubtful, satisfactory proof must be submitted as to the re-

quired age before they be permitted to work in a factory. I do not hesitate

to say that in some cases these formal certificates were used, and accepted

by certain manufactiirers to accomplish the purpose of employing children

regardless of the age limit. To do justice to other manufacturers, whom I am
glad to sav are in the majority, they have been very scrupulous in comply-

ing with the full requirements of the law in this respect.
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Anotlier caae which threatened to assume a legal course was that of the

owner of a building who after repeated warnings neglected to provide"a suit-

able fire-escape, as required by law. This case, however, did not get be-

yond the Crown Attorney, who was successful in having this law complied
with.

I might add that I have several cases on my list where the extreme leni-

ency of ihe Inspector and the law is strained almost to the limit. As I am
aware that it is not the desire of the Department, nor yet the desire of the

Inspectors, to enforce the laws in a manner that might even appear arbitrary

or unjust to any person, yet we sometimes find people whose sole purpose seems
to be to evade the law. Such people are a bad example and a menace to

society, and are not deserving of the privileges extended to them.

Suggested Amendments to the Factories and Shops Act.

Before closing this report I feel it my duty to briefly lay before you cer-

tain amendments to the Shops and Factories Acts, that would equalize and
facilitate their operation and usefulness, and fill a want in the legislative

machinery of this department that would be appreciated by tlie Inspectors,

and be useful as a safeguard to public rights and interests. It is a well known
fact that perfect legislation was never framed on one copy. The experience

of the operation of legislation proves its strength, justice, and weakness.

Hence, it is that we have learned the weak points in the shops and factories,

and appeal to you and j'our Government to have the same corrected.

The Stationary Engineers Bill, as introduced by the Hon. Mr. Graham
at the last session of the Legislature, would fairly improve if not remedy
the evils that exist in section 20 of the Act relating to boiler inspection.

The certificates of all boiler inspections should be returned to the Fac-
tory Inspectors not later than October 31st each year.

Section 20 of the Factories Act should definitely include a suitable guard
for all saws, buzz planers, drop presses, and other dangerous machines.

A standard specification should be adopted for all fire-escapes.

The same condition as to the health of employees working in canning
factories and other places engaged in the preparation of food, that is provided
by the Bake Shops Act should apply.

It should be definitely provided that no child be employed in any fac-

tory, workshop, store, office, or other gainful occupation until they had sub-

mitted a bona fide certificate as to their age, such certificate to be authorized
by a State or Church registrar.

The term "factory" should mean any place described in Schedule A of

the Factories Act, regardless of the number of persons employed therein.

Persons employing members of their own family orjy, should not be
exempt from the provisions of the Shops and Factories Act.

I would, again, suggest that the age limit at which girls could be em-
ployed in factories or shops be sixteen years instead of fourteen, as at present.

Employment of children in stores or offices could be permitted for a reas-

onable time during the holidays, but under no circumstance should a child

be permitted to work in a factory.

Some Legal Decisions.

The following are some of the legal decisions affecting the industrial

world in this Province, and should be of interest to employers and employees

alike.
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(1). A. was employed by B., and the carding machine at which he was

working became clogged. A. pulled off the belt, and commenced to remove

the cotton waste which caused the machine to stop. While he was doing so

the belt slipped on the pulley, starting the machine in motion, crushing A.'s

fingers, and causing a loss of three fingers. A. brought action for damages,

claiming- that the machine was defective. The action was tried by a jury

who found that the carelessness of A. was the cause of the accident. A. ap-

pealed from this decision, but a Divisional Court sustained the judgment,

and dismissed the appeal with costs. Decision given by a Divisional Court

at Toronto.

(2). A. was employed by B. as a blacksmith's helper, and while at-

tending his work in the ordinary way, he was killed by a piece of steel flying

from a steam hammer. A.'s widow sued for §5,000 damages, claiming that

the hammer was defective. The jury returned a verdict for $1,500. Judg-
ment given at Hamilton, March, 1904.

(3). A. employed as a blacksmith had his right eye destroyed by a splir-

ter from a hammer. A. sued for S2,600 damages, alleging that the hammer
was defective, and that the employers were aware of such defects before the

accident happened. Judgment was given in favor of A. and confirmed by
the Court of Appeal. -Judgment bv the Court of Appeal for Ontario, April
18th, 1904.

(4). A. was employed in a factory. In the course of his work his hand
was caught in the fans of a dryer and, subsequently, had to be amputated.
The fan was put in motion by means of a belt on a tight pulley, but when
the fan was not running the belt ran on a loose pulley. It was claimed that
the belt was too wide for the pulley, and that the appliances for shifting the
belt were defective, which caused the fan to start while A. was oiling it.

The jury found that B. was guilty of negligence in not providing a suitable
shifter. They awarded A. Sl.2-50, damages. Judgment given in the High
Court for Ontario, November 26th, 1903.

A list of accidents reported during the year which occurred in my district
IS appended herewith.

All of which I have the honor to submit.

Tours most respectfully,

THOS. KEILTY.

Inspector of Factories.



REPORT OF MRS. ANNIE BROWN.

To the Honorable the Minister of Agricudture.

SiE,—I have the honor to submit the following report of the inspection

of factories and shops for Ontario from June to December 31st, 1904.

I have inspected the following places : In Toronto east of Tonge Street,

Whitby, Oshawa, Bownianville, Port Hope, Cobourg, Colborne, Brighton,

Lakeport, Trenton, Belleville, Napanee, Deseronto, Picton, Newburg,
Bloomfif'ld, Kingston, Gonanoque, Brockville, Cornwall, Ottawa, Carleton

Place, Almonte, Arnprior, Renfrew, Pembroke, Smith Falls, Perth, Peter-

boro, Campbcllford, Lindsay, Beaverton, Cannington, TJxbridge. and
Maikliani. Spvci;il of the abrtve places have been visited frequently, having

required special attention. I have been favorably impressed by the cour-

teous manner in which I have been received by employers, who as a rule ex-

press a willingness to carry out suggestions I have made In only one or

two instances, have I met with objections to provide proper sanitary conve-

niences and tire-escapes where food products are manufactured, and which
I considered absolutely necessary in the public interest. I have withheld
the names from the report on the promise that the requirements would bes

immedi^'telv complied wilh. In one of the same buildings there was a lunch
room which was in a filthy condition. Papers which lunches had been
wrapped in, and crusts of bread had accumulated through the carelessness

of those for whose benefit the lunch room had been provided.

Child Laboe.

I have found very few children under the age required by the Facto-
ries Act. The chief difficulty being the inability to verify the ages, and the

parents giving false certificates. It is cause for regret that child labor
should be in demand to aid in production, while adults are idle. Notwith-
standing the increased productive power of labor, aided by improved ma-
chinery, it would appear that there is no hope for the emancipation of child

labor under the present economic conditions. In cases where widows are

left to bring up a family, or where wives and families are deserted by hus-
bands, or the husbands sentenced to imprisonment for crimes or misdeamea-
nors, and the families deprived of their support thereby^ or through ill-

health and accidents, common justice demands that the innocent should not
be allowed to suffer for the lack of sustenance, more especially when ther»
is always a surplus of so called free labor and prison labor as well.

Ventilation.

I was pleased to notice the efforts of some of the emnloyers in endeavor-

ing to improve the ventilation in their factories. In one case the employer,

to use his own words, said "What is a few hundred dollars in comparison

to the health of my employees, which amount would be more than recouped

to me in one year." I regret to say in one large factory where ventilation

is only provided by windows, and the fumes from the goods manufactured
are considered injurious to the health, I found on a recent inspection that

where windows were opened for ventilation the heat was turned off by the

man in charge who stated that they would not supply heat to be wasted. I

also found the temperature in one of the buildings of the same factory 58
degrees, and it was stated to me that it had been as low as 50 degrees. I

[271
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pointed out tlie necessity of having proper ventilation and heating, and the
superintendent promised to remedy the evils. I consider the subject of ven-
tilation to be one of the most important requirements of the Factories Act,
as without pure air there cannot be good health.

HouES OF Labor.

Some complaints have been made by females in millinery and dress-

making establishments that they were worked more than ten hours a day
during the busy seasons. In discussing the matter with the employers, I
pointed out that the Act as amended at the last session of the Legislatiire

now reads, "The hours of working in any one day shall not be later than
half past six o'clock in the evening, unless a special permit in writing is ob'

tained from the Factories Inspector," and if their employees are worked af-

ter half past six in the evening without such permit, the employers are lia-

ble to prosecution for a contravention of the Factories Act. While some
employers are desirous of conforming to the requirements, and do not de-

sire to work their employees overtime, they consider that a strict enforce-

ment of the law should be made and permits withheld from all, so that no
undue advantaG;es should be granted to anyone. If the women of the coun-
try would realize the injustice to the workers by compelling them to work
overtime, which might be avoided by a little forethought in giving their

orders and shopping earlier, there would not be the necessity for working
overtime. A milliner told me that a woman came into the store at five

minutes to twelve on Saturday night, and wanted to know if she could get

a hat for Sunday, which would have taken half a day to ranke and trim.

When told that the workers required rest as well as other people, she re-

plied, "Oh, well if you will not do it, others will be willing to do so."
During the hot weather in some of the factories, female employees ob-

ject to having to work overtime, and would rather prefer to work shorter
hours. An employer in Lindsay told me that he noticed the girls become
listless, more especially in the afternoons, and decided to grant them an
intermission of five minutes or so for a romp in the open air, forenoon and
afternoon, which they seemed to enjoy greatly, and which he stated that he
would continue to grant in the future, as it seemed to brighten them up,
and he thought he would be the gainer in the end. If the example of the
above employer were more generally followed by employers they would be
benetited financially, as would the employees in health.

Lavatories.

As a rule I have found lavatories in a fairly sanitary condition, with the
exception of a few through the carelessness of the employees. In one fac-
tory, however, in the eastern section of the Province, I found the lavato-
ries in a very unsanitai-y condition, owing to the pipes being of tin and rus-

ted, connecting with the pit in the yard, allowing the gases to escape, and
with no flush of any kind to carry away the excrement. I directed the em-
ployer, who is also the owner, to put in a new system of lavatories, which
he jnomised to do at once.

Canning Factories.

In the eastern part of my district the canning factories are in a fair

condition of cleanliness, considering the nature of the work, but some would
be greatly improved by having regular wash-rooms with basins and towels,
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instead of having vats as at present in use. In some canning factories I

found very small children who -w-ere brought by their parents. In one case

I found an infant in a baby carriage in the engine room of the factory. It

would be questionable as to whether it could get the attention necessarily

required, both as to cleanliness and nourishment by the parent who was

working piece work. The employers claim that they could not get sufficient

help unless the parents v,eie permitted to bring their children with them.

In talking the matter over with a number of the workers they claim that

plenty of help could be got if better prices were paid, and that women with

small children would work for lower prices, and that was why they were pre-

ferred. While cheap products may be desirable, it is worth considering

whether cheap labor regardless as to environment is in the best interest of

the public. Bargain day, while beuehting some, may also tend to reduce

the wages of others.

Shops Inspection.

With a view to ascertaining the sanitary conveniences available for the

females in shops and conditions generally, I made a house to house inspec-

tion of the shops in Toronto and in the eastern portion of the Province as

well. On the whole, with a few exceptions, I found that where lavatories

were not in the shops that access to them was available either in the dwel-

lings above or adjoining the shops. Where required I have directed lava-

tories to be provided. I have had complaints from females employed in of-

fices as to the want of lavatories, and they cannot understand why their

health should not be considered as well as that of other females. In one case,

owing to a factory being in the building, I was enabled to get a lavatory

set apart under lock and key for the females in the building, to which those

employed in the offices obtained access also, and which they considered a

great boon, as formerly the lavatories in the building were used promiscu-

ously by outsiders from the streets, and were in such a filthy condition that

they could not use them. Thoughtlessness on the part of those employing
femhle- whnse duly it is to see that lavatories are provided for them is les-

ponsible in a great measure for the suffering to which many have hitherto

been subjected. It might be well that the Act be amended in regard to snm'-

tary conditions, so as to include otfices where females are employed. I have

found that in some cases lavatories in stores are in the basement in such

dark and out of the way places that females would rather suffer than go to

them. In such places artificial light should be provided.

I am pleased to acknowledge the valuable assistance I have received

from Miss Carlyle, who has given me the benefit of her experience, which
has made my work easier than it would otherwise have been.

Throughout the eastern portion of the Province, Miss Carlyle has been
spoken of in the highest terms by both employers and employees, and they
regret her removal from that portion of ;he district. My aim will be to dis-

charffe the duties of the office so as to gain a like confidence and respect.

I have the honor to be.

Tours most respectfully,

ANNIE BROWN.
Inspector of Factories and Shops



REPORT OF MARGARET CARLTLE.

To the Honorable the Minister of Agriculture :

Sm,—I have the honor to submit to you a report of the work of inspec-

tion of factories, workshops, and mercantile establishments in Ontario.

The close of the year 1904 brings with it the duly of reviewing the work

accomplished, and of giving a report of the same to you. This report does

not set forth all the work done cluring the year, nor can any report that I

could make, fully describe it. Reports are necessarily of a limited nature,

and do not give in detail the many suggestions that the Inspector may make
concerning matters that may seem trivial, and do not come under the letter

of the law.

We find the condition in the factory, workshop, and mercantile estab-

lishment continues to improve in nearly every instance. Wherever estab-

lishments are enlarged or remodelled the welfare of the employed is given
consideration. The result is apaprent in so many establishments that where-

as a few years ago they would have been considered models, they now excite

no remarks

During the last year a pleasing advance was made in the general con-

ditions A number of new :^actories were built or put under a course of con-

struction, while others moved into large and more convenient premises.

There are, however, many places in which theif is room for great improve-

ment. Conditions in many places would be still better were it not for ^'

fact that on account of increase in business, rooms and accommodation in-

tended for the benefit of employees have to be utilized for the increases in

output. In the majority of cases the instructions of inspectors are fairl-

well carried out, and there are instances where a number of improvements
are carried out without waiting for the Inspector. '

Improvements proceed slowly, and occupy of necessity a good deal of

time in carrying them through.

It has been impossible for me to inspect often, all workshops an3 fac-

tories during the year. The test of work, however, cannot be in the number
of places visited, but the object of the work of inspection has been always
to make each inspection as complete and eflficient as possible at the time.

The enforcements of factory laws educate in the theory that good sur-

roundings are conducive to good work, good sanitation, to e-ood health. A
short number of hours of labor are an incentive to close application. .

Trade, on the whole, has been in a healthy condition, a7id the year 1904
will be memorable for great activity in nearly all industrial departments.
There has been plenty of work for all willing to do it, and wages are on the
upward grade.

Our attention is always drawn to any fresh development of industry,
and one is that of the extension of area of electricity for lighting and driv-
ing purposes. It seems probable that electricity will have nearly as impor-
tant an infliu'uce in the twentieth century on indusries as steam had in the
nineteenth. This is to be hailed as a distinct improvement tending to clean-
liness and light. But though electricity is strictly preferable to gas, not
only for lighting but as to purity of air, a word of caution is necessary as
lo the possible bad effect in glare on the eyes. It seems to me that in every
case, some form of a shade should be adopted when using the electric light.

[30]
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Complaints.

The number of complaints of infringements of the Act have been, this

year, smaller than formerly. Some complaints have been well founded,

but others come which seem to call for special inquiry, and when this is

made they are found in some places to proceed from complete ignorance of

the law. A single complaint often has to be followed up on various dates

and at various seasons. Eventually, only what appears like chance reveals

the real state of affairs. More than one visit may be necessary before all

the circumstances of a case can be fairly estimated. A complaint of illegal

overtime may be sent by a worn-out worker at the end of a considerable busy

season's work. It is too late to be followed up then and there, until an-

other busy season comes round, so that the full extent of the overwork can

be known. A number of complaints received in our Department deal with
the annoyance arising from the close proximity of sanitary conveniences to

the worker's seats or looms. These will continue until stringent regula-

tions forbidding the existence of water-closet accommodation within the

wall of a workroom are made. With rapidly growing cities the sooner this

reform is carried out the better it will be for the health and comfort of em-
ployees. AVe receive complaints of a vague nature, such as a reference to

milliners and dressmakers of a whole town of long hours. Careful instruc-

tions, or a revisit, if possible, is all that can be done, and I find it is most
important in many workrooms to give the instructions in the presence of the
workers, so that they may know what the Act forbids and what it permits.
Complaints continue to be received of the want of suitable sanitary accommo-
dation for women clerks employed in offices. All complaints received were
investigated with as little delay as possible.

Tempeeatuke.

The number of complaints received with regard to low temperature in

workshops and factories are fewer than in former years. A great deal of
routine work has been done under the amended section with great benefit to
workers. Improvement has been effected by securing to each occupant of a
workroom at least three hundred cubic feet space, but where part of that
space has been taken iip with bundles of goods in the process of manufac-
ture or filled with impure air the letter of the law is fulfilled without bene-
fit to the workers. One instance is that of a large room in a factory occu-
pied by over a hundred women and girls, each having three hundred cubic
feet of space, obtained by measuring up into the angles of a high pitched
roof, as in the absence of any height limit, seated, elbow to elbow in double
rows facing one another at tables say three feet wide, all windows closed to
exclude dust and dirt from white garments which are bein^ made. Enter-
ing the room late in the afternoon, the unpleasant sensation of air vitiated
by hupaan breaths is experienced. Cases have been reported to me of over-
crowding of floor space of workrooms with injurious effect on health where
more than the prescribed minimum of three hundred cubic feet of air space
did not appear to be lacking. There is no definition of a room, and where we
find workers crowded behind a partition or into the smaller part of a double
room, or where part of the air space calculated is around a high roof, I
think the height in calculating should be limited to twelve feet. A certain
amount of floor space is necessary. I find some workrooms often at a tem-
perature far from reasonable. The excessive heat made work very arduous.
It is often contended that heat and cold are merely matters of comfort and
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discomfort, and have really no relation to health, but I think there can be

no doubt that the "hot house" treatment is not desirable. There is always

a difficulty in obtaining a reasonable temperature which does not interfere

with the purity of the air.

Light.

I have frequently during the year noted one serious element of danger
in man}- factories, namelj% the absence of light. A dangerous machine ia

rendered doubly dangerous, and an unguarded hoist becomes a death trap,

when it is where daylight does not penetrate. True, artiticial light may be
provided instead, but there is a tendency to economize in the matter of artifi-

cial light, and one has to go very carefully in narrow passages, dark corners

and unlighted stairs. Unfortunately, the workers in their hurry, are not
able to go carefully, and an accident happens, due, says the employer, to

carelessness, "She should have looked where she was going." I have had to

point out that if her experience was like ours she would not have been able

to see where she was goinir.

CLO.iK EOOMS.

Cloak rooms are much more frequently met with than formerly. An ex-

cellent arrangement of cloak room accommodation is a system of wire-work
lockers, capable of holding the clothing and food of each person while at

work, and to which, only the operator can get access, the key being con-

stantly in their possession. Much more might be done in the way of pro-

viding a cloak room for the female workers in many establishments. Many
employers provide no accommodation whatever for the outside clothing of

the worker.<i.

New Factories.

The locating of new industries is a feature of the work which requires
the untiring attention of the Inspector. I am pleased to notice that occu-

piers of new factories, generally speaking, request a visit from the Inspec-
tor, more than formerly, before starting operations, in order to ascertain
what is necessary in the way of fencing their machinery, but there are other
manufacturers who appear to regard this with indifference. It is an every
day occurrence to find places in which a number of persons are, and have
been employed for some time, carrying on their work, without the least in-

tention on their part of taking any steps to inform the Department of their

fxisicrce In some cases the owner professes to be ignorant that the provi-

sions of the Act apply to his workshop. Sometimes he remarks in an ag-
grieved way that no Inspector has visited him. In the present day when
(he Factories Act has been enforced in most of the points for nearly twenty
years, I have but scant sympathy with excuses tendered on the ground of
ignorance of such facts as that it is necessary to send a notice of a new fac-

tory to our Department, and that it is necessary to report an accident, fenc-

ing shaftincr, or that shafting is dangerous. All of these samples of ignor-

ance should be dealt with summarily save under exceptional circumstances.

Clothing.

The hardest and least satisfactory inspection is that of the shops in

which men's ready-made clothing are manufactured for the trade. The men
engaged in this work are constantly moving from place to place. They con-
sequently install themselves as cheaply as possible. In many cases they

I
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pay little attention whatever to sanitary arrangements, and very often re-

ply to our suggestions with the statement that they are soon going to change
their shops, but they can never say, nor do they wish to say, where they will

go, and when we discover them some months later their premises are just as

defective. The statutory hours of labor are not to my knowledge exceeded.

li is purely a question of sanitation. There is, however, a tendency to move
out of the tenement houses into factories where closer supervision can be
exercised. These workshops with few exceptions are the worst kept, most
defective, located as best they can be in old buildings, or in private houses,

where I do not find that general cleanliness prevails more than formerly.
Floors, windows, stairs, passages, cloakrooms and water-closets retain their

old characteristics. The number of workshops where there is nothing to

complain of, in this way, shows how inexcusable and unnecessary the want
of cleanliness in the remainder is. Want of cleanliness in those shops still

gives us trouble. Soakage of oil from machines into the boarded floors at-

tracts much dirt and dust, and is not very easily removed. Moreover, the

sweeping of floors is generally confined to the care of "that boy," who is

frequently young, and whose training in domestic matters is not such as to

fit him to perceive the dirt that lodges under the table and in remote cor-

ners. He is very sharply reprimanded in the presence of the Inspector, but
his work is not always carefully supervised in said Inspector's absence. I

find it impossible to keep any accurate account of the constant moving of

these workshops from one place to another. Sometimes, we hear of a work-
shop being started, the first intimation coming through complaints of ille-

gal employment, dangerous machinery, or unsanitary condition.

Child Labor.

Under this head so much has been said, so many suggestions and recom-
mendations made, that it would seem that the ground had been thoroughly
gone over, and that no space was left for further comment. This law, on
the whole, has been fairly well observed. It is surprising how many illi-

terate children we find in the progressive Province of ours. It seems to me
a necessity most urgent of educating children to a certain extent before per-
mitting them to enter the factory at all. The cultivation of the mental
faculties would certainly improve the social and moral character, as well as

create a much superior class of workers than can ever exist under present
conditions. As for the children themselves, they would go into the fac-
tory and workshop on a more equal footing, giving each one a fairer chance.
That they need not always be on the bottom rung of the ladder, unless it is

their choice, I think they should be well-grounded in the three essentials of
reading, writing, and arithmetic before being permitted to work.
I think this might be accomplished without doing the least injury
to the workingmau's family, and without occasioning any disturbance
in manufacturing industries. Upon one pretence or another, some of our
children are defrauded of the most precious period of. their lives. Most of
the manufacturers will not employ a child whom they believe to be under
legal age; but there are others who do not hesitate to employ any child large
enough to do their work, if they can protect themselves against the law by
parent's certificates, or any means whereby the responsibility can be thrown
on some one else. In these cases, generally, an attempt is made to take cre-

dit to themselves, for helping the poor widow and orphan. Some children
when asked their age will reply, "Do you mean my school or my real age?"

3 FACT.
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They have been deliberately taught to report themselves to the school teach-

er older than they really are, in order that later on they might begin em-
ployment before they reach their fourteenth year. The greatest trouble

thus comes from the misrepresentation of a child's age by its parents.

This mode of violating the law was fully proved in Cornwall last summer,
when Mr. Keilty, the eastern Inspector and myself, were compelled to pro-

secute eighteen parents and guardians of children, for false certificates be-

Ijw the age of fourteen. Out of the eighteen prosecutions there were secur-

ed fourteen convictions. Some of these children were only eleven years of

age and perhaps younger. I am suspicious that certain managers and fore-

men in factories connive at the employment of children illegally. This,

Lowever, is most difficuU to prove. Could a clear case be found an exam-
ple would have the best possible effect, and do more than anything else to

discourage this illegal practice. I think that tlie School Boards should au-

thorize the truant officers in every city and town to visit factories and work-
shops in search of children employed illegally. I think this would be a

move in the right direction, and their ability in many cases would enable

tbem to identify the children sought. It would be of material advantage
in the enforcement of this law. They do adopt this method in many places.

Apparently many people suppose that the factory laws reach all places where
children are employed, but many children are employed in places other than
factories. Our laws draw a distinction between children in manufacturing
and mercantile houses, and when questioned upon the subject, we have nev-

er been able to explain why the law did not restrict the employment of chil-

dren in those establishments as well as the workshops and factories. We be-

lieve that if fhe law is beneficial in the one instance, it would be equally so

in the other. The children employed as cash boys and girls in some of the

stores have duties fully as arduous as if they were employed in mills and
factories, and their hours just as long, and in the busy seasons longer. I

think the age limit in mercantile houses should be raised to fourteen years,

the same as in factories. '

Laundries.

Laundries require much attention, and in many cases they are far from
satisfactory. In some departments, the floors are in a continually wet state,

steam hanging about the wash house. Very often on entering a wash house,

the whole place is so pervaded wifh steam that you can scarcely see the wor-

kers. A great deal of this steam comes from the coppers, and it seems to

me that there ought to be more provision made for remedying matters here.

The laundry work is an occupation for the rtigged and fully matured only,

because the heat and dampness intensified by lack of ventilation, and sharp

contrast of temperature during the day. A very large number of young
girls are n"w employed in laundries, and such employment is rapidly in-

creasing

Accidents.

T am pleased to report a steady improvement in the fencing of machin-

ery both as to the mode of fencing and also as to the condition in which
guards are maintained. There are still some employers who do not recog-

nize that it is their duty to fence machinery or at any rate act thus. They

leave it to be pointed out by the inspector. They seem to think that mat-

ters are all right until the Inspector pays a visit and gives instruction. Of-

ten we are told by employers that an alteration or extension of plant has
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been made since our last visit, and that they had been expecting and waiting

for us to call and instruct them as to what was necessary. Some of the

caiises of accidents originate through a reluctance on the part of piece work-

ers to stop t'lheir machines for any purpose which may reduce their output.

Thus weavers will brush the waste material from below their looms, rub
down the frame work, and every possible portion they can reach while the

machine continues to work. In some places much of this cleaning is done,

and I fear will be done even in the best disciplined factory, for the fore-

man cannot be continually watching every individual worker. In spinning

rooms the looms are seldom stopped at all except for the purpose of remov-
ing the full bobbins and replacing emptj- ones on the spindles, although
printed notices forbidding the cleaning of machinery in motion are exhibit-

ed in almost all the large factories. The workers are often at fault I know,
but at the same time more vigilant supervision on the part of those respon-

sible would prevent many youthful workers from sustaining injuries which
may seriously handicap them throughout their lives.

Elevatces.

I would again draw your attention to elevators. They are a source of

many serious and fatal accidents, and the remedy to be employed is a more
stringent legislative enactment—"that none but capable persons be allowed

to have charge of elevators," where so many hundreds of people are ascend-

ing and descending from day to day. Extreme watchfulness should be ex-

ercised by those upon whom the responsibility rests, owing to the great
speed at which many elevators are operated, the rapid opening and closing

of the doors at each landing when passengers are entering or leaving the car,

and in starting before the doors at the landing they are leaving are secure-

ly closed. Little time is thus gained, but there is indeed great danger to

life. Eegardiug the handling of elevators, as in the management of all ma-
chinery, no possible precaution as to the prevention of accidents is com-
plete unless those who are in charge are alert and vigilant. The sacrificing

of human life, and the crippling and maiming of human beings, should not
be lightly overlooked. The Factories Act requires a report of all accidents
occurring in manufacturing establishments. We should have a section I

consider, in the Shops Act to the effect that mercantile establishments should
report accidents in like manner, whenever the accident results in the death
of an employee, or causes bodily injury of such a nature as to prevent the
person injured from returning to work within six days after the occurrence
of the accident.

Canning Industries.

In our inspection of those places, we have found a few of them that)

were in a fairly good condition; but in many of them, the sanitary condi-
tion, on the whole, is not satisfactory. They are defective as regards clean-
liness and ventilation, needing lime washing, a good drainage system, and a
good method of extracting the steam. They are lamentably wanting with
respect to separate sanitary conveniences for male and female. This in-

dustry has shown signs of considerable expansion during the last few years.
It is carried on in factories using a great deal of machinery. Xo indus-
tries are so exempt from factory regulations in its many branches, and no
industry, I venture to say, requires definite regulations more. Many wom-
en, girls and children are employed during a .day cf unlimited duration.
We find young girls and children from the age of two years and upwards,
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even motliei's aud babies working from five o'clock in the morning until

midnight, because the process on which these women and children are em-
ployed is a privileged one; that is, the cleaning and preparing of fruit so

far as it is necessary to prevent the spoiling of it on its arrival at the fac-

tory, during the months of June, July, August, September, and October.

At first sight this may appear to be an object worthy of such a departure

from the general principles of factory regulations, but a closer examination
discloses one or two points which shakes our faith iu its necessitj'. First,

comes the strikng fact that not all the firms dealing with fresh fruit avail

Ihemselves of the privilege of employing women and young persons during
such long hours, in order to deal with this perishable article. Secondly, it

is noticed, that at the factory where exemption from the Act is claimed in

order to deal with the fruit that may arrive at the factory in the morning
or mid-day, they wait until the ordinary hours of employment are over in

order that workers who have made their full day in other departments may
be set to work to prevent the fruit from spoiling, and such work, far into

the night, as is necessary to prevent spoiling is evidently not complete until

the cans ar« filled, labelled, and the lids sealed ready for the purchasers, and
midnight terminates by custom, not by law, the day's work which commen-
ced at five o'clock in the morning. The overcrowded, unventilated, and in

many cases unsanitary state of the work-places, the puddles of dirty water
on the floor, the clouds of steam in the boiling room, the long hours of stand-
ing in boots and clothes made wringing wet by the paltry arrangement of

the tubs and water supplies, also the very fact that the employers are legal-

ly free to make their employees work without limit, to crowd
any number of them into one room, make them dis-

inclined to put thought and capital into improving the arrangements. One
feels the special need of cleanliness in this industry, both in the factory and
in the workers, the surroundings and the utensils they use. The present
standard of cleanliness is low, and this industry is an extensive and impor-
tant one. Hundreds of men, women and children are imported from other
parts of the country into towns and villages of this Province. It is the cus-
tom of the employer to house these people. The majority of factories have
sheds attached to them in which barrels are stored away in the winter. In
summer the sheds become lodgings for those people, unfurnished, save for a

small stove. They have some rough boards nailed together to form a bed-
stead. They bring bedding, cooking utensils and any furniture they have
with them. In this one room they eat, sleep and perform their domestic
duties. In some cases we have found as many as fifty in one room, men,
women, and children. The defects and discomforts are not considered by
the employers, because the season is a short one. In many cases those people
come to the factory without any standard of personal cleanliness. Those
who had a desire to maintain one were entirely unable to do so owing to the
absolute lack of appliances of maintaining personal cleanliness. I think
the time has come when washing conveniences ought to be made compulsory
in this industry. In the front rank of useful measures stands the improve-
ments of dwellings. It is to be demanded that these premises should be
rendered suitable to health, decency, and morality. To look after these es-

tablishments properly will require the whole time of the Inspector during
their working seasons.

Ventilation.

I have to report a general improvement in many factories and work-
shops. Inspectors are doing all that is possible in the educating of employ-
ers along this line, and many are coming to give an amount of attention to
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the subject that must bear fruit. The lack of .ventilation is one of the most

insidious foes and most dangerous elements of factory life. The rooms of

most of our large factories, generally speaking, are clean, well-ventilated,

and well lighted. The question as t'o the best method; of ventilation, and

the maintenance of a uniform and proper temperature, continually arises.

Its provision in an efficient and continvious manner must be insisted upon in

all cases if workers are ^o carry on their work under healthy conditions.

The mere opening of doors, windows or skylights cannot be considered any-

thiusf more (lian a makeshift method of dealing with the matter. In most

cases, mechanical appliances are found best for the purpose. The extension

of electricity affords a ready means of operating a fan which when properly

fixed, causes a continual change of air without producing draughts. Our Act
provides that any factory or workshop not ventilated in such a manner as to

render harmless, as far as practicable, any gases, vapors, dust, or other im-

purities generated in the course of the work carried on therein that are

a nuisance, injurious or dangerous to health, is liable to be dealt with
summarily under the Act. The objection on the part of many of the em-
ployees to proper ventilation depends on the absence of proper warming ar-

rangements during the cold weather. In some cases even where fans are iTled,

if one objects to the ventilation of the workshop a fan may be pointed out,

which removes so many cubic feet of air per minute, and the question will be
asked, "What more would you have?" But the fan may be getting all the air

from an opening a few feet away, leaving the remaining forty or fifty feet

practically unaffected. It appears to me that it would be good policy on the

part of the makers to take a little trouble in advising as to the best position

for their fans. Could architects be impressed with the importance of pro-

viding for the proper ventilation of new buildings while the building is in

coutfse of construction and after its completion?

Saxit.\tiox.

Much time has Jbeen devoted to the interests of sanitation in factorieg
and workshops, as the enforcement of this law is a matter of vital impor-
tance, and considerable progress has been made. On the whole the sanita-
tion is. generally speaking, good. The number of sanitary conveniences
provided, is equal to the limit laid down in law, although not always on the
.same floor where persons are employed. Sufficient closet accommodation is

now almost universally provided, but the object aimed at in the separation
of accommodation for the sexes is often defeated by the workers themselves,
who use them indiscriminately, even when they are labelled "Women Only.'"
The fixing of a standard of water-closet accommodation of one closet to
twenty-five persons has been of great use, and there has been very little ob-
jection by the manufacturers to provide the full number, although very
much has undoubtedly been affected in raising the sanitary arrangements in
factories an.l workshops to a higher standard of decency, sanitation and
comfort, much still remains to be done in this respect. In some cases the
difficulty is incrcffed by their being an absolute want of any privacy. Tu
get accommodation vbich is suitable as regards both health and morals .le-

mands not onlyall the powers a'iven by the Factories Act. but all the dip-
lomacy and patience which Inspectors can command. It is not in ten min-
utes that one can convince an employer who puts the woman's conveniences
alongside the men's at work, and have no fastenings on the door so that time
may not be lost. Radical changes must be made and this state of affairs
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mtst not continue. 1 am sorry that I have again to refer to tliis subject,

the uusuitabilitv of water-closets, but I cannot conscientiously refrain from

once more enter-ng a protest against the disregard in some factories of the

demand of propriety and decency in this matter. It would seem incredible

that such claims to consideration should have to be urged by the Inspector

on behalf of their women and girl workers. If women are an important ele-

ment iu industrial life, so also are the young girls so extensively employed.
Here one feels very strongly in many cases that the surroundings are not

what one would choose at that period when constitution and character are

alike plastic. We are told that workers do not make any objections to their

conditions, and that, therefore, these must necessarily be suitable; but if

they do not complain of sanitary accommodation, is not this the strongest

possible argument for an improved standard? If the effect of unsuitable sur-

roundings is to lower the standard of propriety, so that these are accepted
when they ought not to be, then there is no question as to the importance of

securing better sanitary arrangements for those who are still capable of

being to some extent moulded by environments. The standard of cleanli-

ness in many factories leaves much to be desired. The inspectors cannot
be perpetually on the spot to see that systematic cleaning is carried on, and
only by the constant attention of the employers can a satisfactory measure
of cleanliness be obtained. There are places in which the generally unsatis-

factory condition of things has to be pointed out in every visit. Much
trouble is occasioned by the divided control which exists where several ten-

ants have the use of sanitary conveni'ences in common. It occurs frequently
that tenants disclaim any responsibility, on the ground that there are no cpn-
veniences exclusively their own. The standard of personal cleanliness in some
factories is not as good as it ought to be, and I regret to saj- that in many
cases, very little effort is made to encourage that by the provision of properly
equipped washrooms. Of course, the reply to this suggestion is, that 'they

would not use them, and I know that in some cases, that it is true. Habits of

untidiness are not easily shaken off, but, as in many things the young girls

could lead the way. Owners of wiorkshops and factories have had their atten-

tion directed to this matter wherever occasion arose, and in many cases, we
have succeeded in persuading them to furnish the requisite accommodation.
The maintenance of the supplies of soap and towels is always a vexed ques-
tion. These articles are too often misappropriated. The system of supplying
drinking water by means of pails to operators is not yet rooted out, but I am
satisfied that gradually more sanitary conditions will prevail. Special at-

tention has been given during the year to the providing of a sufficient num-
ber of spittoons and placing tlie same in different parts of the factory, and
keeping them clean, iu those industries requiring them. I think it is time
that' the whole question of sanitary accommodation for girls in offices should
be taken up, and I believe in many cases, it would be found that there is no
separate lavatory accommodation. Both the Factories and Shops Acts aje so

emphatic in this respect that it is all tlie more surprising to find that the

office should lack in this particular.

Eags.

The rag trade seems to be an increasing one. The rags are collected

and delivered to the merchant who in some old building and shed employs a

number of women and girls in sorting and packing them. The smell in

those places is generally most offensive, and that may not be the worst of it.
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How many poor and sick people may have been tempted by the rag collector

to part with garments or bedding. If the rag sorters are exposed to any in-

fection from the rags, what is to be said to the next process? The rag mer-

chants pass their goods on to the shoddy manufacturer, who in the majority

of cases commence operations by placing the rags in powerful machines.

The quantity of dust taken out of the rags by these machines may be more
easily imagined than described, and if there are any injurious germs in the

material, this is the process during which they are most' likely to affect the

health of the workers. It is easy to see how the most careful health officers

may be eluded. The harm may be done before the local autliorities know
anything about it. A number of shoddy manufacturers have already set

an excellent example in putting their rags through a disinfecting process,

as soon as they are brought to their mill, and there seems to be no good
reason why so sanitary a course should not be made compulsory and univer-
sal. One of the striking defects is that of insufficient means of ventilation.

Long habit has accustomed them to accept the present conditions as natural

and unavoidable, but I am confident remedial measures are possible, and
that manufacturers will co-operate in an honest effort to remedy evils which
they most deplore.

FlEE-EsCAPE.

I consider that section 21 of the Factories Act regarding fire-escapes

should be applicable to the mercantile houses; that is, they should have a
sufficient number of iron or other uninflammable fire-escapes on the outside
of the building, such fire-escapes to consist of stairways with railings, or in

case the special approval of the Inspector is given in writing, then of iron

ladders, aod e^ery such stairway or ladder shall be connected with the in-

terior of the lujiding by iron or tin doors or windows witb iron shutters,

and 1o have suitable landings at every storey.

Last year you appointed Mrs. J. E. Brown to the position of Female In-
spector, v.ho, after itaking heiFelf acquainted WitL the require me ut* of rhe

Act, began licr t'litics of irsptction on June Ist. According to your instruc-

tions I accompanied her through some of the factories in Toronto and other
places, drawing her attention to the different matters coming within her du-
ties. Her work will relieve me of a certain portion of ground to cover, and
thus give me more time to devote to factories which in the past have had
barely sufficient attention. This will make it possible to accomplish more
effective inspection. Experience has shown me that where we are able to re-

visit factories frequently, our suggestions are more promptly complied with.
In the month of July we commenced to make systematic door to door visits

of inspection in Toronto and other cities. In the year 1905, we hope to con-
tinue this method, and I will here bear testimony to the zealous manner in

which Mrs. Brown has discharged the duties assigned her. The duties re-

quired of us are to a great extent humanitarian in their nature, and perhaps
the work is not fully appreciated by the public, nor do they realize the good
accomplished. It may be said that the work of an Inspector in all its divi-

sions, demands diligent and incessant labor, and must be continuous to be
effective. No matter how well we may discharge our duty in any building
or locality, we do not conclude that no further attention is needed in such
places.

I have the honor to be.

Yours respectfully,

MAEGARET CAELYLE.
Inspector of Factories and Shops.
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To the Honorable the Minister of Agriculture

:

SiH,—I have the honor to suhmit a report of the inspection of factories

and workshops for the half year just closed.

Canning- Industries.

I assumed my duties in the beginning of July, and, having no definite

district, was assigned to devote some time to the cannmg iuduslries, which
have increased both in capacity and number during the last few years. The
product of these factories going into the homes of a large peroentage of our

population, it is of great importance that the highest standard of cleanliness

be observed, as regards both employees and machinery that handle the pro-

duct. I have visited a large number of these factories, which were up to

date in every respect. On the other hand, a larger number do not come up
to the proper standard. A few words in regard to the employees in the

different factories and the conditions of living may be of interest : A few
years ago the work was all done by Canadian labor, but it has been grad-
ually growing less year by year. It being mostly in the hands of Italians

and Polocks, large numbers of these being imported from Buffalo, Lockport,

and Other American cities for the canning season. The reason advanced
that it is impossible to get Canadian labor. The canning companies provide

accommodation for them as to sleeping and housing. It is impossible for

them to keep themselves clean under the conditions governing their mode
of existence. The sleeping and eating quarters in a large number of the

places visited were not what they should be. In some of the houses nothing
but straw was provided to sleep on, not even made into a mattrass. The bed
covering was also in a very filthy condition, the bedsteads being simply
pieces of boards nailed together. The same room does duty for cooking,

eating and sleeping. Add to this a large number of wet clothes hung up to

dry, and a condition of affairs will be found which should not be allowed to

exist.

There have been complaints of the overtime worked, some say a great

deal of it being unnecessary. Girls, and also aged women, of whom there

are quite a number, work at the highest possible tension, as the majority of

them are engaged at piece-work, and find from seven in the morning until

six at night a very long day, and with damp floors, and juice from the fruit,

frequent changes of clothes are necessary. Dressing rooms should be pro-

vided, so that changes could be made when required. Some of the placves

visited had no provision made for the separation of the sexes, male and

female occupying the same apartments. The Factories Act gives very little

assistance along these lines, but if they are not improved during this next

season I shall publish the names of the factories operating under these con-

ditions Clause (5) of the Ontario Factories Act reads as follows :

—
"Boys and girls under fourteen years of age may be employed during

the months of June, July, August, September, and October in any year in

such gathering in and other preparation of fruits or vegetables for canning

or desiccating purposes as may be required to be done prior to the operation

of cooking or other process of that nature requisite in connection with the

cannin? or desiccating of fruits or vegetables. The place, room, or apart-

ment in which such boys or girls may be so employed, shall be separate from

[40]
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any other wherein the cooking or other process aforesaid, or the canning or

desiccating of said fruits or vegetables is carried on."

This section is rather broad, and is very much abused. I do not think

that the majority of companies are in favor of taking them on under the age

of fourteen as prescribed in other factories. I have seen them as young as

two years of age, sitting all day on a stool, so as to give the mother a chance

to earn a day's wages. I was asked by some managers to assist them in

getting all under fourteen out of the factory, which I gladly acceded to,

and only one manager raised any objection when spoken to regarding the

age limit. Two children, five and seven years of age, were asked to be sent

home, and the manager told me there was nothing in the Aot to prevent

them from being employed. I told him that if he wished to take that stand

I would appeal to the public, and let them judge as to the justice of it.

They were sent home. In fact the only excuse that any of them have is

because their mothers are there, and they like to be with her. In all cases,

however, a purely financial reason exists. If the child of five years of age
can make fifteen cents a day, then the mother is satisfied for them to remain
ten hours a day or longer if required. I think some limit should be placed
on the age, so that there woiild be no argument needed ; and fourteen years
of age is quite young enough to work in a canning factory.

The sanitary conditions in a large number of factories are not what they

should be. A great many of them are situated in small places where neither

sewers or waterworks are established, and are supplied with very c>rude

affairs along that line. Two of the factories visited were on the first flat

with basement imderneath, one having a box drain underneath the floor

which was continually filling and overlowing to the annoyance and detri-

ment of those working underneath. When I remarked that the floor was very

dirty, and should be scraped and scrubbed, it was pointed out to me that

underneath was a store room and shipping department, and it was impos-

sible to use water to clean floors; so in that case no cleaning up was done
until the season closes. Floors should be washed down every night, as the

juice and fruit skins turn sour and form a mass which is far from healthful,

and a long way removed from cleanliness. Another factory was visited

where the juice was dropping through almost every cracnk and crevice, and
the filth was two or three inches thick in the basement, so that you would
need a pair of rubber boots to get through it, and the smell was almost un-
bearable. "When I spoke about it the blame was shifted from one to the

other. However, I ordered a general cleaning up, and warned them to avoid

such a state of affairs in the future.

Another feature which could be very much improved in some factories

where no sewers are in existence, is the disposal of waste garbage, especially

tomato skins. In some cases the refuse is carried just outside the factory,

and loaded on to a wagon for removal. The leaking and overflowing there-

from soon forms a mass which with the assistance of a warm day or two
causes an odor almost unbearable to those in the vicinity.

Something should be done to separate the steaming and cooking plant

from the other portion of the factory, as in some of them I visited you could

scarcely see your hand before you. There is no need for such a condition
of affairs, as the inhaling of steam for a number of hours, each day, is far

from healthful.

Another feature which could be very much improved is along the lines

of providing facilities for the employees to have at all times plenty of soap
and water, and clean towels. This is lacking in a great many places, and
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when spoken to about it, two of the managers told me that a cake of soap

would not be there five minutes—that the foreign element would steal.it.

The fumes arising from soldering machines, used in canning factories,

are injurious to health, and some provision will have to be made for its

removal

.

I have served notice in reference to all these matters mentioned, nnd

expect to see great improvements made along these lines during the coming
season. If not, then my intention is to place the names of the canning
factories which do not come up to the standard of cleanliness in my next

report ; but I trust that it will not be necessary.

EVAPORATOES.

I visited a number of apple evaporating plants, and found that many
improvements could be made in handling their product. In one instance,

a young man was employed in packing fruit in boxes, and was tramping it

down with his boots, not very clean at that. When a protest was made that
it was not the proper way, and a press should do the work, the employer re-

plied that the press was there, but they refuse to use it.

Machinery.

Factory legislation has done a great deal in the past towards guarding
dangerous machinery. I have been met quite frequently with the remark
when requesting some protection to machinery, that "the maker should have
provided guards." In my opinion this is quite correct, and I have spoken
to a large number of manufacturers along these lines to make every provision
to guard against accident before sending out machines. In the case of

woodworking macjhinery, such as jointers, shapers, saws, etc., guards should
form part of the mach'ne, as it is not complete without them. In every
case where these machines are in use, I have given notice that guards be
provided. A very dangerous system that prevails in a great many wood-
working factories is that the large belts have no shifters provided for shifting
belt from loose to tight pulley, and vice versa, the operator being obliged
to take a stick and pry over the belt every time the machine is started or
stopped. I havj notified them in all cases to provide proper belt shifters.

Many accidents occur through the operating of drop presses, as the working
of these is largely at the will of the operator. It depends a great deal on
themselves to avoid accidents, and I have spoken to a number of them who
Lave been unfortunate enough to get caught, and they invariably replied,

"my own carelessness." In many places they are warned not to place their

hands underneath the drop but to use a stick or wire to place the material

in position, or remove it. Some accidents are caused by the foot remaining
on the treadle and pressure exerted unknowingly, causing the drop to fall.

In every engine room that I have visited where no guard rail existed around
driving belt, fly wheel and piston rod, I have notified them to have one

placed there, as I consider it very dangerous. Gib-headed keys and project-

ing set-screws are dangerous, especially when they are on the outer length

of shafting, or in plaoes where people are continually passing, and I have

requested that they be guarded or replaced by flush heads.

Boiler Inspection.

The law relating to boiler inspection is as follows: "No boiler shall

be used that is not insured in some boiler inspection company duly author-

ized in the Province for that purpose, or that has not been inspected within
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one year by a competent inspector, such inspector to be a man who has had
charge of a boiler and engine for a period of not less than five years, or who
holds a certificate as a stationery engineer, and the manager or proprietor
shall, whenever so requested by the inspector, produce for examination the
insurance policjy or the certificate of inspection.

"(2) A factory in which there is a contravention of this section or of the
regulations made for the enforcement of this section, shall be deemed to be
kept unlawfully, and so that the safety of any person employed therein is

endangered."

In my inspection I have found a very large percentage of the boilers

insured, thereby complying with the law. On the other hand, those that
carry no insurance may be in as good a state of efficiency,but when called

on for a report as to condition, it is sometimes very difficult to get. I have
had to write two or three letters before getting a report, and very often it

would not be along the desired lines. There are also a large number of

boilers operating throughout the Province which do not come under the

Act. If a place employs five or less, we cannot ask for a certificate of inspec-

tion of boiler, and still the danger is practically the same. My opinion is

that the Act should applj" to wherever steam is used regardless of the number
employed. The aqcident at the Sunnyside Eolling Mills in which two were

fatally injured, and five others very seriously injured, was, according to the

coroner's inquest, caused by want of water in the boiler and negligence on

the part of some person. When we consider the large number of men em-
ployed and five other boilers in use, had the boiler a full head of steam on
and been confined in a close place, bad as the accident was, a great many
other lives would have been sacrificed. The boiler was simply lifted and
turned end for end. The plates where the rupture occurred were drawn to

about a sixteenth of an inch in thickness, showing that the plates had be-

come red hot and expanded until the breaking point was reached. Too
much care cannot be exercised, where the lives of a great many others are

dependent, and in having men fully competent and trustworthy to fill these

positions. An exmaination by a board of examiners before being placed in

such a responsible position as having charge of a boiler or steam plant

would lessen the danger. The Province of British Columbia has such legis-

lation that all boilers in use are inspected by a government inspector. All

new boilers being built are also under their supervision, and plates and
material must cpme up to a certain standard and be of the very best. The
city of Montreal has had for a number of years municipal legislation gov-

erning firemen and engineers. A case occurred in Beverley township where
a young lad of fifteen was ito charge of a steam boiler owned by his father.

An explosion took place and the boy was killed.

Ventilation.

"Woodworking factories that are not equipped with appliances for re-

moving shavings, dust, and other refuse are not considered by any means
up to date, or complying with the requirements of the Ontario Factories
Act. The last few years have seen wonderful strides along these lines, and
I have been both pleased and surprised to visit some of these factories,
especially in the furniture trade, and when speaking to one employer in re-
gard to the absence of dust from the factory, he replied that it would be
impossible to keep their employees unless they had a clean factory. There
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are still some places where fans can be installed to the advantage of both
employer and employee. Tumbling mills in iron foundries are where ex-
haust fans can also be used for the welfare of the worker. It is inhuman
to ask or expect men to work in an atmosphere laden with dust. In speak-
ing to one man about how it affected him, he stated that he had worked
eight years at it, and it had not injured his heahh. but it makes short work
of a great many others. Where no mechanical device was in use I have re-

quested that thev be installed. Cement mills, of which quite a number are

in operation throughout the Province, are also great dust producers, and
not much thought seems to have been given to removing it by mechanical
means. When men are forced to wear some protection over their noses and
mouths for hours to prevent the dust from getting into their systems, then
it is time something was done to assist in removing it. The coal is also

ground and sifted, and the dust arising from that operation is very bad. I

have asked that exhaust fans be installed to make life a little more pleasant

for those engaged in such occupations. I have also devoted some time to

places where grinding and polishing is carried on. The Act calls for places

irrespective of the number of employees, that they be provided with means
for removing dust. Grist m-'lls also come under the schedule. Dust col-

lectors are installed and considered a very necessary machine. The maj-
ority of them are quite free from dust. At this time when so many plants

are being installed for the purpose of removing impurities, the following

article which appeared in last year's report of inspection by Mr. .James T.

Burke, is worthy of reproduction :

The Collection and Removal of Eefuse from Grinding and Polishing
Machines.

The various abrasive processes of different industries, grinding, polish-

ing and buffing, are productive of great quantities of matter in such a finely

divided state that it is easily held in suspension in the air. In view of the

extension of uses for emery, corrundum, carborundum, and other abrasives

and polishing agents, the problem of adequately collecting the dust or lint

becomes one of no small importance. Three main reasons may be assigned

why this product of the grinding wheel should be taken care of, and of these

three, in any individual case, one or all may apply. In the first place, the

dust laden atmosphere of a shop may be looked at from the view-point of the
health of the operatives.

It often happens that grinding wheel dust must be caught and removed
in the simplest and most expeditious manner possible, either to avoid its too

rapid accumulation, or else to prevent any injur'ous effects which such re-

fuse may have upon processes going on in portions of the factory contiguous
to the grinding or polishing rooms. Again, the case often arises where the

material is of such value that economy demands the careful collection of the
small particles removed by the wheel.

We come now to consider the most effective mode of accomplishing the
desired end. The ideal system must be unfailing in action, free from com-
plication, and low in cost. On account of the minuteness of the particles

to be handled, and their consequent lightness, the proper application of air

currents at once suggests itself as most feasible. If we place a hood in close

proximity to the point at which the grinding is done, and reduce the pres-

sure within the hood, atmospheric pressure serves to create currents into the
.hood of suflicient strength to carry the refuse particles along with them.



1904: INSPECTORS OF FACTORIES. 45

The branch pipes from the hoods of the various wheels connect with a main
duct, which in turn leads to the exhaust inlet of the rotary centrifugal fan,

which is the device universally employed for this purpose.

Although at first glance it would seem a simple matter to .design a
proper dust-convej-iug sj'stem, in reality there are a number of points which
require careful and intelligent handling. In different processes the grind-

ing is done at different points of the wheel, and this must be considered in

the design of the hood. Provision must also be made for adjusting the

hood to allow for any wear of the wheel. Where the motion to the wheel
imparts a downward direction to the particles, the main exhaust pipe is

placed below the machine, with the hood brancih pipes leading down to it.

When the dust is projected upwardly, however, it often becomes imperative

for a proper working of the system to locate the exhaust piping above,

though with a greater expenditure of power due to lifting the refuse matter.

Yarious considerations enter in any specific case to determine the proper ar-

rangement of the hoods and piping, so that it is impossible to lay down any
hard and fast rule. Indeed, it should be stated here that the design of such
a system, and the various problems arising in its installation, should be re-

ferred to those whose previous experience in such matters place them in a

position to provide a successful and eqonomical system.
The fan usually to be employed is known as a volume exhauster, built

of a cast iron casting, within which revolves a blast-wheel constructed of

steel plate blades, bolted to cast iron spider arms. The size of the fan de-

pends, of course, upon the system to be served, that is, the size and number
of grinding wheels. A grinding wheel 10 inches in diameter requires a 4-

iiuh pipe, and wheels 18 to 24 inches require a 4 1-2 inch pipe. The area

of the main pipe leading to the exhauster will be governed by the combined
areas of the branch openings, and by its length. For short lengths, the
main pipe may be made of a sectional area equal to or even a trifle less than
the sum of the branch pipe areas, 80 per cent being very good practice.

This is because the friction for a given velocity is so much greater for small
pipes than in large. To avoid excessive frictional losses, it becomes neces-
sary also to increase the main pipe diameter in proportion to the length of

the pipe. The main exhaust pipe, it miist be added, should be reduced in

size as it recedes from the fan, and as the various branches lead off from it.

In every branch pipe should be a blast gate, by shunting which, when its

particiilar wheel is not in operation, the suction of the other wheels maybe
increased. The greatest care must be exercised to avoid any pockets or low
places in the piping, where the dust, can collect, because the danger of
clogging must be carefully guarded against. For this reason, also, the
laps or joints in the pipe must always be laid in the direction of current

I

flow, and for efficient working the main pipe should be as straight as pos-
sible, without curves or bends. The branches should connect with the main
pipe by an easy curve, also in the direction of the flow. A most frequent
defect of such systems is clogging after longer or shorter use, and hence the
foregoing points must receive careful attention.

Having determined the maximum diameter of the main exhaust pipe,
which at the proper pressure will handle the air without excessive frictional
losses, we select a fan whose inlet orifice has an equal diameter, and speed
the same up until the desired pressure is obtained. The pressure is propor-
tional to the velocity. Owing to the lightness of lint from buffin? whp°ls.
3-ounce pressure will usually suffice therefor. For emery wheels about five
ounce is required, though if the grinding is heavr, 6 or 7 ounce will be
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needed. Where the emery refuse is to be lifted to an exhaust pipe above

the wheels, a speed must be imparted to the fan to give 6 to 9 ounces, ac-

cprding as the work is light or heavy. It may be mentioned here that

for emery systems the piping should be extra heavy, to withstand the wearing-

effect of the particles. In the case of light, stringy refuse, the fan wheel

should be of special construction to obviate clogging at that point.

When the grinding on one set of wheels is much lighter than on another,

or when wheels from two different processes are used, it will usually be found

preferable to have two independent systems, rather than try to handle all

the refuse with one fan. In the first place, the independent fans may be

run at those speeds which are best suited for economy in each case. Again,

less piping will ordinarily be required than when a single system is em-
ployed. Buffing and emery systems should invariably be kept separate.

The refuse-laden air discharged from the fan may be piped out of doors,

where its dissemination would do no harm, or, it may be led to some form
of dust collecjtor. In one form the dust is separated by centrifugal force,

and drops to the bottom of the collector, while the air passes out at the top.

A somewhat more successful form discharges the air downward just above

the surface of a vat of water. The refuse collecting at the bottom of the

vat may be shovelled out periodically, or washed out with a stream of water.

Child Laboe.

There are some employers of labor who think they have the right to em-
ploy children under fourteen during the school vacation, and there are also

some parents who think likewise. That has been the excuse I have been
met with a few times. Such is not the case, however. I have experienced

two cases where the children have been sent home, when the widowed mother
waited on me asking that her boy be allowed to continue work. The In-

spectors have no discretionary powers along that line, which I think is wise,

as it might only lead to abuse.

During my short term of inspection I have found some twenty children

employed under the age of fourteen years. I have made no prosecutions,

but have given warning that if any other cases were found in the same fac-

tories they would be dealt with through the courts. I find it very diffi-

cult at times to procure a proper birth certificate, but when they are native

born, it is possible to get some information through the Registrar-General's
department or from the school register. I have asked that where children

are employed that the parents or guardians furnish certificates as to birth

before being allowed to work. To strengthen this, I would recommend that

as the School Act requires the attendance of children at school until they
are fourteen years of age. They should not be allowed in factories unless they
have received from their teacher, certificates of their ages and attendance
at school.

Sanitation.

Much could be said along these lines. I have paid some attention
to sanitation, and regret to say that a great many reforms could be made,
even in the cities where good sewerage and a plentiful supply of water can be
secured for a very little outlay. Large numbers of cesspools still exist,

and I have sent out quite a number of notices asking that better and cleaner
accommodation be piuvided in the shape of closets and urinals. I have
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found, especially with planing mills, that anything was deemed good enough,
no matter how crude. I am trying: to remedy these matters, and trust I will

be able to report success.

Complaints.

I have received a number of complaints, and have made a thorough ex-

amination into all of them. Some of these have been remedied, and others

I hope to have improved in the near future. The principal complaints come
fnim the clothiug trade, insufficient closet accnmniodatinn beinjj "^he most
serious. The delay is sometimes unavoidable in getting these reforms car-

ried out. The building may be in the hands of a lessee who may be a non-
resident. A firm of lawyers may be acting for the owner, and to get at the

fountain head very often requires both time and patience.

This department is at the service of those who desire to make use of it

for the purpose of bettering the condition of the factory workers, and will

be pleased at all times to try to remedy complaints of any infraction of the

Act. All communications are treated confidentially.

During my visits of inspection I have been met with the utmost cour-

tesy. The majority of employers welcomed any suggestions along the lines

of guarding or protection of dangerous places, only one man raising any
objection. He seemed to think that because he had his employees insured
that it did not matter about the condition of the factory; as, if any of the
employees were injured or killed, a few hundred dollars of insurance would
amply pay the worker and also relieve him of any responsibility. In these
cases I would rather appl;v the old adage, "An ounce of prevention is worth
a pound of cure."

I have the honor to be,

Tours respectfully,

ARTHUR W. HOLMES,

Inspector of Factories.
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Accidents Reported from Western

Date Employer Pliice. Business.

59
60
61

Jan. 4 ..I Massey-Harris Co I Brantford Implements.

8
9

10

11
12

14

15

16
17
18
19

20

21

22

23
24
25
26

29
30
31
32

33
34
35
3b
37
38
39
40
41
42
43
44
45
46

47
48
49

i

50
!

51
52
53
•54

55
56

Feb.

Jan.
Feb.

The Telfer Mfg. Co
The Brantford Carriage Co.. Limited.
Massey-Harris Co., Limited
The Wm. Grav & Sons Co.. Limited..!

Toronto Paper boxes.
Brantford

i

Carriages
Implement.*!.

.

Chatham
I
Carriages

8.

13.

14.

IS.

18.

International Harvester Co.
International Harvester Co.

Massey-Harris Co., Limited.
Massev-Harris Co
The Norton Mfg. Co

Hamilton Harvest machines.

Toronto
|

Implements .

Hamilton ' Tin Cans

The Waterloo Mfg. Co
The Goldiei MeCulloch Co., Limited.

Waterloo Implements.
Gait Machinists. .

9 1 Frederic Steams & Co..

20 1 Thomas Bros. Limited ,

21 1 The McClary Mfg. Co..

26.
12.

24.

American ,\bel A Thresher Co .

.

American Abel & Thresher Co.,
Forest Steam City Laundry Co.

27 The Canada Screw Co.

21 The Knechtel Furniture Co

.

26.

30.

30.

19.

27.

25
25.,

22.
21.,

19.

20 .

20..

13.
12.

G. W. Townsend Laundry Co.

Staunton's Limited

Massey-Harris Co. Limited.
International Harvester Co.

4 1
Massey-Harris Co . , Limited . .

.

4

20 Hamilton Stamp & Stencil Co.
13 ' Waterous Engine Co
5 ' International Harvester Co
4
3
2

Windsor Pharmacists

St. Thomas
j

Brooms, &c.
London

I Stoves, &c.:.

Toronto I Threshers, &c.

London ,| Laundry..
Hamilton i Screw Co.

Hanover ' Furniture ..

I

Toronto
[
Laundry

Wall Paper.

Brantford
|
Implements

Hamilton
i

Har\e8t Machines.

Toronto Implements.

Hamilton Stamps and Stencils.
Machinery .'

Harvest Machines...

Jan. 30.
28.

17.

16.

20.,

Feb. 9.

9.

13.

17.

Kinleith Paper Co., Ltd
Massey-Harris Co., Limited

St. Catharines.
Toronto

Jan.

Feb.

Canada Cycle ct Motor Co

The Sutherland Innes Co. Limited

Toronto Jvniction.

Chatham

.

26 Joseph Beaumont
26 The J. R. Armstrong Mfg. Co., Limited
29 1 The Canada Screw Co

Lumber

Glen William Knitted Goods...
Guelph

I

Carriage Goods .

.

Hamilton Screw Company .

Paper Mills.

.

Implements.

Motor Vehicles

.
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District DrRixG Year 1904.

Person Injured.
i

Age. Particulars, No.

Geo. Mcpherson.

Louis Sims
L. Henry
.\ . J . Lambert,
(ieo. Pritchard.

William Dougherty.
H. Chambers

Matthew .•Vtkinson.

M'm . Orpwood
Shadrack \A' right ..

Hector McBain
\Vm. Echlin

22

28

Eugene Liilonde

.Tohn Hawkins .

X. Witchman ..

21

'ii'

17
2.5

Nassau Reid.
.Tohii Swan..
Mrs. Taylor.
John Finger.

George Uhrig

Robert Oxenham

.

.Samtiel Wright.

Jos. Hayes
Joseph Benedict...
A . J. Seymonr
Mapray Simonian.
John Gray
F. Johnson
John Yonng
WAlk-n
Henrv Fortnam ...

A. lo'toin

Charles Kohlemilz .

A. H. Cronkhite
William Incson
William Hilder....
R. M.Congh
R. Shellard
Frank Griftiths

Walter MeKeon
Herbert Woods
Adam Large
A. Gage
E. Goodall
B. Bacon
W. Hannon

21
23
43
27
18
24
27
22
25
22

24
38
17
24
2.5

20

George Smith . .

.

M. Sinkevich . . .

.

H. Patrick
A. Jones
Joseph Holstead.

F. O'Mara
James Tracv. .

.

C. E. Perkins.
E. Mills
William Roy .

21

33
24
28

27
21
24
28

17
38

Daniel Othen.

Joseph Kelly .

Clara Smith
Thomas Mitchell

.

John Woods

45

60

15

Three fingers on right hand cut while placing knife of mower into a
finger bar.

Second finger of left hand bruised in comer of staying machine.
I

Part of first and second fingers of left hand cut ofl'by shaper.
.struck in face by handle of crane; face cut through "to bone. I

Struck in the stomach by a small piece of wood from saw : penetrated the!
stomach about one-half inch.

Toes badly bruised while unloading a case of drills ; box tell on foot.
Back of head, shoulders and Ijack bruised while working at a punch

machine.
'

f

Leg burnt by some iron which splashed out of ladle.
Lost the end of left thumb while trimming steel forgingson punch pre.«s.
Second finger of right hand <-aught between dies of power press, and

|

about one quarter inch taken off. ,

Arm fractured at elbow; caught in a set of rolls.
'

Laced a belt in carpenter shop and was going to hammer the lace down
flat. In doing so took hold of the belt too close to shaft, and wound
his arm around shaft tearing it out of socket. It was hanging in
shreds and had to be torn off. Died in hospital next day f'om injuries
received.

Little finger of left hand taken ofT at first joint while rubbing oil off
Gordon Pre.ss feeder while in motion.

Right arm torn badly by shaper knife.
Three fingers of left haiid crushed between first and second joints causing

amputation. The accident was due to a press.
Four fingers of left hand cut off by a jointer.
Foot scalded slightly by a steampipe.
Hand crushed and binned ; caught in mangle apron.
•Ladder on which he was standing .slipped, breaking two or three ribs :

died February 14 from injuries.
Two fingers taken off at first joint, hand came in contact with disc while

sanding a piece of wood.
Instantly "killed, was accidenlallv caught and crushed to death between

the lioist and partition of building.
Hand slightly injured ; skin taken off, while shoving belt from one

pulley to other.
jEnd of second finger taken off. Caught between cogs of drill. I

Left foot burnt while pouring hot iron. Some splashed on foot. 1

Right side bruised, while undoing a nut. slipped and fell on iron bungs.

'

Right ankle burned while pouring iron from ladle.

Right foot bruised while oiling shearing machine.
;

Chin cut : fell on a pile of planks.
First and second fingers badly cut by a knife on moulding machine. '

Left foot badly burned: some hot iron splashed on it.
j

Second and tliird fingers bur^t on top by drop hammer.
]

First left finger burst at point while placing a flash on machine ; finger
caught. I

Right heel badly burned ; some hot iron splashed on foot.

Left leg bruised ; piece of lumber slid against it.

Large toe bniised while drilling a casting.
Right hand crushed while running a trip hammer.
Right toot punctured : struck against a nail.

Left eye injured by hot scales from inm.
Foot t>adly burned ; upset some hot iron on it.

Thumb of right hand taken off.

Finger bruised by carelessness.

Right foot squeezed badly between the track bed and sill of truck,
Right hand bruised while making hooks.

I Right foot bruised while helping to unload pulleys.
First, second and third fingers cut ; hammer slipped and caught fingers.
Second and third fingers of right hand bniised ; fingers caught between

pattern and plate.
Top of second finger of right hand crushed off by drop hammer.
Left leg burned by some hot iron splashing from ladle.
First right finger punctured while lifting spruce tongue.
Left hand bruised ; while piling lumber on wagon slipped and fell.

Right ankle bruised : while working cushion hammer, right foot turned
over.

Two bums on back of neck : while pouring iron, some splashed on neck. '

Back slightly hurt : fell down with elevator, a distance of sixteen feet, i

Fool bumed by some iron which splashed over from mould.
|

Foot badly burned ; some iron splashed from hidle.
Third and fourth fingers of left hand amputated ; was lacerated while
operating a buzz-planer.

While grinding a tool emery wheel burst, one of fragments striking him
on back of hand, bruising hand.

Went with his son-in-law to start engine, the balance wheel started up
and he was drawn in and killed.

Thumb crwshed in automatic knitting machine.
Slightly bruised ; fell one flat in hoist well.
While fastening a small metal punch, punch flew up and broke spectacle

glass, piece of gla.ss entered eye.

Fatal.

2
3
4
5

6
7

8
9

10

11

12

14
15

16
17
18
19

21

23
24
25
26
27
28
29
30
31
32

33
34
35
36
37
38
39
40
41
42
43
44
45
46

47
48
40
50
51

52
53
54
55
56

57

58

59
60
61

4 FACT.
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Accidents Reported prom Western

Employer.

March 7 International Harvester Co .

7 The Knetchel Furniture Co Hanover
j

Furniture
7 The Hamilton Steel i Iron Co Hamilton Iron and Steel Bars .

Business.

Harvest Machines.

9. The McClary Mfg. Co : London .

Toronto .3 ; American Abel Engine & Thresher Co
17

i

16 The McClary Mfg. Co

10 ,
The Goldie & McCulloch Co., Limited

.

London

Gait

Stoves, etc

Threshers, etc

.

Stoves, etc

Machinists

17 ' The McClary Mfg. Co
I
London Stoves, etc.

16 Massev-Harris Co., Limited
]-

. ! ! The Globe Furniture Co

nth.
16th.

19th.
oth.

28th.
29th.
19th.
21st.

16 1 Chatham Steam Laundry

10 Taylor Forbes Co., Limited

•• 23 The William Gray & Sons Co., Limited.

•23 John Campbell & Son
24 American .^bell Thresher Co
24 .... The Hamilton SteeKt Iron Co

Jan 8 The M. Lnngmiiir Mfg. Co
Aprils The McClary Mfg. Co
Yeh. 8 International Harv'ester Co .

••
'

io
'.'...'.'.'.'.'."

" 10
" 11
•' 12
' 13
' 9
" 24th
" 20th

March 9th

" 5th
• 9th

Toronto ' Implements .

Walkerville
, Furniture . .

.

Chatham
[
Lanndrv.

Guelph General Hardware .

Chatham Carriages, etc

London Carriages, etc
Toronto

[ Threshers, etc
Hamilton Steel and Iron
Toronto

{

Trunks, etc
London I Stoves, etc
Hamilton Harvest Machines

,

April 7th.!!!! I
Massey Harris Co. Ltd

•' 5th
" '

• • i)th ' The Knechtel Furniture Co
" nth ....: The McClary Mfg. Co
• 12th I D. L. Perrln ct Co
" 9th KrugBros.&Co
" 13th !

Imperial Cotton Co
" 2nd HoIIidny Bros

8th .

14th .

13th .

6th ,

nth .

9th .

9th .

8.

5.

22.

International Harvester Co .

Brantford . Implements

.

Furniture . .

.

Hanover
London i Stoves etc .

London
|
Biscuits

Chesley Furniture..
Hamilton

|
Cotton Mill.

Guelph Brewery ...

Hamilton Harvest Machines .

The Norton Mfg. Co.

P

Tin Cans.



1901 INSPECTORS OF FACTORIES. 51

District Durin« Year 1904.—Contimie<l.

Person Injured.

Martin Quiatkowski.

Adam Hauert .

Ross Hall

Gordon Nixon

William Emmett

.

John Moore
John Harper

Edward Lowes . .

.

George Tapp

George Mathews .

Sam .'VUen

Alma Young

Robert Simpson .

Norton Daniels.

.

Fred McMillan..
Charles Blake ...

A. Pittock
G. A. Reid
L. Summer
W. H. Wilson....
C. Slanes
Frnnk Gosek
.T. E. Cook
John Hogan
K. Garabedian ..

Jos. Race
E. Callahan
John Sobyr
A.J. Kernell..

.

Ed. Greene
Juo. Wallenborn.

Fred . Clark . .

.

Robt. H. Roe .

W. H. Swayze.
W . Bender

Ford Jento
Arthur Williams

.

John Hogan
J . Vandusen
Harry Call
Sam . Kaven
Herbert Peppier .

D. (Irimson
Harrv Harper . . .

.

Fred". Monk
Samuel Yates . . .

.

F. Prime

Geo. McKeown .

F. Cliffe

Wm Holden
J. P. Keep
John Davies
P. Mick
Geo. Logan
Jas. Thompson.
E. Windle

J. A. Bradshaw.
J. Furry

R. J. Campbell.
John Addley...

Age.

25

65

62

28

Particulars.

32

35

18
27
19
19
21
49
30
44
16

28
39

38
45

S2
21

44
31

22
24
49
31
15
32
23
24

No.

Was grinding single tree hooks when emery wheel broke. He placed 62
wheel on himself and did not tighten it suflieiently. Skull was frac-
tured : died at hospital shortly after accident.

Was instantly killed through elevator falling on him. 63
While oiling engine was caught in the gear wheels of blowing engine, 64

was taken to hospital and died next day from injuries received.
A fle.sh wound on thumb of left hand, caused bv tripping machine while 65

jiutting a plank in press.
A spark of molten iron flew into right eye. 66
Two arteries cut in left wrist by a slip of chisel.

|

67
Nail torn from second finger of right nand ; while prying a heavy casting, 6^

bar slipped.
Was holding a chain in place, while a heavy board was being lifted ; 69

chain slipped and board fell, breaking his leg.
First finger of right hand cut to the bone ; while running a ventilating 70

cover his hand slipped

.

While in the act vl shoving a cart load of grain boxes off a hoist, the load 71
was upset on hira ; was not seriously hurt.

First three fingers of right hand bruised, while helping on a drum Sander.
|

72
While operating a mangle, her arm caught in it, and was taken off abovei 73

elbow.
1

Had his finger nipped; caused by throwing a belt over hand contrary! 74
to rules.

Flesh wound on back of right hand caused by piece of wood catching! 75
into head of a cutter ; hand was drawn against knife.

Ball of eye slightly injured, while working at tenoning machine. 76
Left foot badly bruLsed by the fall of a boiler shell. 77
Toes cut and broken while shearing scrap ou plate shears. 78
Careles.sly put his arm into a fan, and, as a result, arm was broken. 79
Lost first (ingcr of right hand by a press while adjusting tin in die. bO
Left foot biidly burned

; while carrying hot iron, some splashed ou foot. 81
Right foot burned on lop : a mould of iron splashed on foot. 82
Right foot burned on top by hot iron. 83
Right leg punctured ; a splinter of steel ilew off and entered leg. 84
Back oi head cut and wrist bruised ; fell while moving platform. 85
First right finger badly cut ; piece of iron fell on finger. 86
Right foot badly burned ; hot iron splashed on it. 87
First right tiiigcr badly crushed in a press. 88
Right foot punctured : stcppetl ou a nail. 89
Right arm badly skiinied. and second left finger cut; while inspecting 90

gear wheels, arm was drawn into shaft.
Right wrist sprained while piling lumber. 91
First and second fingers cut; hand slipped against emery wheel while 92

grinding a casting.
Thumb and second right finger crtishcd by a press. 93
Second and third right fingers badly cut ; while pulling discs fingers got 94

caught

.

Right thumb badly cut on top, and nail torn off in air pump. 95
Right thumb crushed at top. and nail torn ofl ; caught between gear 96

wheels and hook.
Second left finger badly cut while turning off cast steel. 97
Back of both legs badly bruised ; struck by a rod. 98
One rib broken : fell from ladder on paint pail. 99
Large toe punctured by nail in end of board. 100
Knee bruised ; a piece of plank fell on it. 101
Guards fell on foot penetrating first and second toes. 102
Two fingers on left hand cut oil wliiU- working at a glue jointer machine. 103
Four fingers crushcrl while stamping dish pan handles. I 104
Nail crushed on first finger of right hand by corner staying machine.

| 105
Lost two fingers of left hand while working at a finishing saw. 106
Leg fractured above ankle while unloading cotton from a car. 107
While pulling a cork (with a cork .screw) out of a bottle, the neck of 108

bottle split in two, severely cutting palm of left hand. He was taken
to hospital and died April 5th

.

First and second fingers cut while handling flasks ; a bar slipped and 109
caught hand.

Left leg badly bruised ; while pu.shing a truck of iron some fell on leg. 110
While giiudiiig n casting a piece of dust flew in eye. m
Back strained while loading stone. 112
Left thumb severely punctured by a chisel. 113
Right side and upper arm bruised by bursting of corundum wheel

.

114
Back of right hand cut while drifting a casting. i]3
Back bruised, while washing windows fell about twenty feet. 116
Right arm burned from elbow to wrist, stumbled "While carrying a ladle 117

of iron.

Right palm torn, while driving a spoke. lis
First right finger punctured ; while packing shields a piece of steel 119

entered finger.

Second left finger burst while lifting a mower frame ; finger got jammed. 120

Tip of middle finger on right hand caught in power press, taking about 121

an inch off fiiiger.

Fatal.
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DisTKicr Di'RiN'ii Year, 1904.^C Mitinned.

Person Injured.

L. Simmons...
William Shiiw.

F Henderson
Warren Kennedy.

Ohas. Palmer.

.

H. A. Morrow

W. Cole ,

Age.

3t
20

21

25

22

W. J. Mason 27
S'am Joyee ' 25

Fred . Barker 1 52

Tho.s. Edwards

Walter Bailey
W . Kohlmetz.

. .

.

Jno. LrtK'h
H. B. Williamson.

A. W. Prieliard.-..
W . Stephenson . . .

.

WiiliamJ. Hill.
K. Houston
C . Osborne i M
Chris. Conley .

Chas. Ward .

.

Joseph Wilson 19

James .Stewart
.\lbert Clement

F. Jarvis

n. Vollrath ..

It
, Johns

II. Burns
.1 . Cirabouski .

J. Doekin^ ..

.

B . Parsons . .

.

Lilly Gardner
E. K. Wonch .

J . Brown . . . ,

.

E. Cliffe ....

Thos. Morris

George Cluett .

Geo. Bell

Robert Tuck

John Hocking 25
I

. Brock 21

.<. H. Whitfield ' 30
F. W. Mitchell

I

30M . Washington 32
Geo . Amos ! 24
William Morris
H. Crooke ,'.'.'.'.'.

Thomas E. Rows 14

Frank Melville
W. Allenby
Joseph Newell

W. Edwards
J. Miska
Calder Dennv

Particulars. No.

Fell and broke ankle, while attempting to open a window.
Left foot cnt ; while erecting a feeder it fell and one of it.s knives

pierced foot.

First left linger cut and tenditn severed by a chisel.
Back of left leg scalded, while passing hot water exhaust ; water gushed

out and struck leg.
First left finger badly crushed and broken while lifting mower frame.
Second and third left fingers crushed and amputated at first joint : while

tising a sheet iron press fingers caught

.

,

Left eye severely cut, which caused it to be removed ; a piece of steel
entered it.

Straine*! back while lifting castings.
Arm and side badly bruised and cut; while putting up a scaffold fora

steamer fell a oistancc of fifteen feet.

Ends of fingers on riglit hand badly crushed : bones broken in two
middle fingers: caught hand between fl(X)r and steel plate.

While working on a double cut-otT sjiw. cut first and sccoud fingers on
left liand

.

Leg badly lacerated, jammed between floor of elevator and wall of shaft.
Right ftiot bruised while fixing a bolt, die slip|)cd an<i fell on foot.

Second left finger badly burst, while hammering a fmme struck finger.
Right hand ami ear cut and right shouUier bruised : while puttfng a

heavy htad of iron on elevator the iron fell on him.
Right foot bruised : struck with an iron bar.
While operating a wood-shaping machine severed the third and fourth

fingers of the left hand.
Eye burnt ; while pouring ofl hot iron some flew into eye.
Three fingers of left hand cut oIT.

Middle finger of left hand amputated at second joint, was crushed in an
ending machine.

Arm Uiken olTabove elbow.
Left hand badly lacerated, nece.s.sitating amputation of all but part of

thumb and index ringer : caught fingers in gearing of machine while
cleaning it. ^^3

Three toes of foot crushed ; while descending to second floor foot caught
between floor and hoist floor.

Hand cut between thumb and forefinger : caught in lathe.

Finger on right hand amputated at first joint : finger caught in teeth of
milling machine.

Second left finger badly torn at end, while working on a mould, finger
caught.

Left foot bruised ; a casting slipped and struck foot.

Right foot punctured ; stepped on a nail.

Left foot burned : iron sphushed on foot.

Right foot severelv burned ; iron splashed on foot.

Palm of left hand "cut : casting slipped and cut hand.
Leg leg badly brui.sed. one bone splintered : rumbler lell on leg.

Right arm bruised by an emery grinder.
First right finger badly cut ; while loosening a set-screw hand slipped and

struck sharp edge of die.
Second and third right fingers badly burst, while fitting up a trip hammer,

hammer slipped and came down on fingeas.

Fourth left finger punctured by sliver of rusty iron.

Was struck bv a bar coming from pony rolls, burning a hole right through
the calf of his leg ; after removing him to hospital it was found neces-

sary to amputate leg.
Sloping cut from point of thumb to first joint, and nail of finger cut in

elbow room.
Lost middle finger of right hand at second joint, while operating a dado-

ing machine.
Came in contact with a band saw, was drawn in against saw ; head was

cut oi!

.

Fourth right tinger burst at end, while working on a trestle.

Part of third right fiinger nail ground off while sanding top of binder tool

box.
Left hand badly cut and bruised, while taking down a counter shaft.

Right side bruised ; struck by tongue of hose cart.

Right foot bruised and sprained, heap of iron fell on foot.

Left thumb cut and split on saw.
Several fingers of right hand cut off on rip saw.
Bruised in thigh bv'a piece of wood flving again.st it from planer.

*A car of lumber, while being transferred from dry kiln to factory fell on
him.

Scratched his finger while painting, which developed into blood poison.

Finger badly lacerated on shaper.
Fingers on right hand gashed and arm bruised; caught in belt of printing

machine.
Left wrist sprained ; glove caught in reamer.
Left foot burned ; some hot iron splashed on it.

End of second finger cut off, face of first and third fingers jagged, by
knives of buzz-planer.

122
123

124

123

126
127

128

129
130

131

132

133
\H
135
136

137
138

139
140
Ml
142

143

145
146

147

148
149
I.tO

l.il

l,'i2

153
154
155

157
158

159

162
163

164
!(«
166
167
1 68
169
170

171
172
173

174
175
176
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—

Date

June 6.

May 23

.

" 30.

June 30

.

2.

6.

13.

14.

14.

3.

8.

9.

6.

May
June

13.
14-

lo..

13.

18.

18.
16.

31.
29.

30.

25.

29.

29
28.

22.

29!
29.

25.
July 5 .

9 ,

June 30.
Julv4 ...

" 4..
" 4 ..

" 11 ..

Aug. 12.

June 27.

July 25..

July 21.

"
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Western District of Ontario.—Continued.

Persons Injured.
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Date.

August 16.

12

16

27
18
23
10
10
10
13
29
30

" 5

31

30
Sept. 3...

S...
Aug. 31...

Sept. 8...
••

10...
"

10...
" 14...
• 11...
••

14...
•• 14...
" 14...
' 14...
"

14...
" 14...

17...

" 16...
July 20...
Sept. 2....

Aug. 3i...
'• 27...
" 24...
" 22...

Sept. 22...
" 15...

Aug. 4....
Sept. 2....

• 14...
Aug. 22...

Sept. 20...
•• 23...
" 23...

" 13...

3...

Sept. 27..
" 16..

" 28.

.

" 22..

17..

29..
22..

28..
" 2S.

.

27..

20..

Oct. 6..

Sept. 30..
Oct. 3..

Sept. 28.

.

28..
" 28..
" 28..

Employer. Place. Business.

Cotton Mills.
Paper Mills.

.

Imperial Cotton Co (
Hamilton

Kinleith Paper Co ,
St. Catharines.

The McCIary Mfg. Co London
i

Stoves. &c

International Harvester Co Hamilton Harvest Machines
E. Leonard & Sons
Staunton's. Limited
Elijah Smith

London Boilers and Engines.
Toronto Wall Papers
Langton Miller

Miller

Canada Cycle & Motor t'o
j
Toronto Junction

.

Page-Hersev Iron Co i Guelph
The Riordan Paper Mill Co Merritton

I The Norton Mfg. Co Hamilton.

Miller
Motors, etc.
Iron Pipes..
Paper Mills.
Paper Mills.

Tin Cans

D. S. Perrin & Co., Limited i
London Biscuits, etc.

The Hanover Portland Cement Co Hanover.
The Gutter-Percha Rubber Co I Toronto.

.

Cement
Rubber Goods.

The Poison Iron Co 1 Toronto Boilermakers.
Hay it Co Woodstock Woodwork
Mckinnon Dash and Met*il Co St. Catharines

j
Hardware

The Goold, Shapley & Muir Co
The Toronto Bolt and Forging Co

.

Brantford 1 Wind-mills..
Toronto..; Bolt Works.

The Norton Mfg. Co Hamilton .. ..

Niagara Falls Planing Mill Co
]

Niagara Falls.
International Harvest Co ,

Hamilton.. ..

Perth Fla.^ & Cordage Co
Palmerslon Carriage Co
The National Table Co
Thomas Bros
D. S. Perrin & Co., Limited.

The Pigeon River Lumber Co.
ToltonBros

Tin Cans.

Planing Mill
Harvest Machines

Stratford
Palmerstoii

.

.

Owen Sound.
St. Thomas.

.

London

Twine, etc . .

.

Carriages
Tables
Brooms, etc.

Biscuits

The Wm. Gray A Sons Co.. Limited
The Wallaceburg Cooperage Co., Lim-

ited.

The Norton Mfg. Co. , Limited

Port -Arthur.
Guelph

Massey-Harris Co., Limited ..

The Wm. Patterson 4 Son Co

Massey-Harris Co., Limited
The Canada Screw Co

Imperial Cotton Co
Gutta Percha and Rubber Co .

The Flrstbrook Box Co
Wanoda Foundry Co
International Harvester Co .

Chatham
Wallaceburg .

Hamilton .

Brantford .

Brantford
,

Lumber
Farm Machinery .

Carriages .

Hoops, etc'.

Toronto .

.

Hamilton

Tin Cans

Implements .

Biscuits, etc .

Implements

.

Screws, etc...

Cotton MUl . .

.

Toronto
]
Rubber Goods .

Penetang .

Davenport.
Hamilton .

Packing Boxes
Foundry
Harvest Machines.
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Employer. Business.

International Harvester Co Hamilton Harvest Machines.
E. Barber i Co

\
Toronto ' Printers

J. M. Green i Sons. Limited St. Thomas Lumber
International Harvester Co Hamilton Harvest Machines.

Beau &. Westlake Woodstock
Canada Foundry Co., Limited Davenport.

Confectioner.
Foundry

Tin Cans..The Norton M'fg Co Hamilton

Thomas Organ & Piano Co
1
Wood.stock

|

Organs and Pianos ,

.Tames Dempster
|

Toronto , Baker
J. S. Findlay

i

Owen Sound
|

Saw-mill

Thomas Fisher Westover .

12.

18.

15.

14.

26.

H.

Puritan Laundrv Co.. Limited I Toronto ..

The Norton JIfg. Co Hamilton.
The G. V. Oberholtzer Co Berlin
Pincombe & Donaldson i Strathroy
Stauntons. Limited I Toronto .

.

The Riordan Paper Mill Co.. Limited ..' Merritton

Laundry
Tin Cans
Boots and Shoes..
Miller
Wall Paper
Paper Mills

The Parry Sound Lumber Co Parry Sound Lumber.

"
26..

"
21..

" 28.,
"

27..

Nov. 1

.

Oct. 29.,
"

28..
"

20.,

" 24.,

Nov. 7.,
•' 8.

Oct. 29.

Nov. 9.

D. S. Perrin it Co., Limited London
Massey-Harris Co., Limited

i
Toronto

International Harvester Co Hamilton
The MeLean Lumber Co I Windsor
The Niirt.in M'fgCo

1
Hamilton ...

SleLauchlan »i Sons Co Owen Sound,
R. McRee Buggy Co PlattsvUle . .

.

The Gutta Percha Rubber Co Toronto

Canada Foundry Co
Wateron^ Engine Works Co.

.

MeKinnon Dash i: Metal Co.,
J. B. Smith .t Sons
Massev-Harris Co., Ltd

Ltd.

Biscuits
Implements
Harvest Machines
Lumber
Tin Cans
Biscuits, etc
Buggies
Rubber Goods

Davenport
,

Brantford
St. Catharines .

Toronto
Toronto

Foundry
Engines, etc .

Hardware . .

.

Lumber
Implements .

338
I
Nov.

339 1
'

340
341 Sept.
342
"J" ' Nov.

Aug.

International Harvester Co Hamilton Harvest Machines.

The Rat Portage Lumber Co i Rat Portage Lumber .

Nov. 14.
" 16.

347 i

The Ontario Sewer Pipe Co., Limited . .

.

Toronto
The Muskoka Wood Mfg. Co Huntsville

McKinnon Dash & Metal Co i St. Catharines.
Massey-Harris Co., Limited i Toronto

Sewer Pipes .

Lumber

Hardware ...

Implements

.

The Montrose Paper Co. . Limited ' Thorold
;
Fine Paper

341
349
350
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WisTKRN District of Ontario.—Continued.

Person Injured.

Jas. Ingram
Geo. Robinson...
Mr. Henry
James Matthews.

Henrv Westlake.

.

Robert McCaffrey.

C. McMillan .

Wm. Randall.

Joseph Lingenfelter .

W. J. LeGrand ......
Garfield Mealey

James VanEvery .

Elgin Fi.sher

G. H. Raynard ...

Katie Everton..
J. B. Gillett
Arthur Huber ..

Alfred Bridenu .

Joseph Kettle ..

Geo. A. Gibson .

Geo. Brethour .

.

Georee Wood
Albert Winters, .

Jas. Murphy
W. H. Steer
William Carson.

.

Raehael Stewart.
Harry McKie
Thomas Baxter,.

J. Gregory
Archie Mooradian.
F. White
Robert McGinnis. .

S. Mingo

N. Sarkissian.. ..

Thos. Norman ...

James Laurie
E. Chapman
Jos. Garvey
Luke Thompson.
Harry Lawrence.

Frank White .

Ed. O'Brien ..

H. Smith.

Geo. Grexton
John H. Kay
Dan Monroe
Thos. Chapman .

Mr. Mack

A. Agnacknure.

.

Tom Vagnimuso.
George Braund..
W. Proctor

Jas. R. Barnett.,
Ethel Ryerson ..

Percy Hicks
D. Muir

,

James Gilmour .,

J. McLaughlin..

John Down

Mr. Armitage

Dougald McLean.

Age.

28

21

20

65
16

15
30
14
15

35
•20

18
18

21
22
26
27
32

25
34
28
34

45
19

15
19

Particulars

Foot burned while pouring iron, sotne splashed on foot.
Four lingers ol right hand taken oti while operating a press feeder.
Third and fourth ringers of left hand cut off by a circular saw.
Right hand badly lacerated and first finger broken in two places, drop

hammer came down on hand.
Compound fracture oi arm. caused by putting a belt on pulley.
While hooking patterns on to a crane, hand slipped between hook and

bale, bruising liand.
Cheek badly bruised : fell on his face while operating a machine rivetter.
While operating a small drop press, dropped die on second linger of right;

hand, slicing off nail.
Small piece of wood flew back from circular saw end struck him in e^e.
Lost three fingers ; hand caught in mixing machine.
Was struck on forehead by a piece of an in^n pulley which had broken,

together with two other pulleys. He died two hours after accident,
i

•Killed by boiler explosion.
'

i

Killed by boiler explosion.
W&s thrown 15 feet over a lumber pile by boiler explosion, sustaining

severe injuries.
Left hand bruised in a mangle.
Nail torn off linger; hand caught between rolls.

First finger of left hand criL'ihed in the sole moulder.
Grabbed hold of a chain while in motion, which caught arm and cut it off.'

Hand caught under chain of lath machine, squeezing it.

While working on chipper attempted to replace wood in pocket off

chipper and had two fingers taken ofl.
jWhile working at lumber edger was struck in face by sharp sliver, pene-i

trating upper part of cheek to base of brain : "he was removed to
hospital and died while operation was being performed.

Hand crushed in roller while removing goods.
Head tmiised : brick fell on him while making some alterations in boiler.
First riijhl linger badly burst ; drop-hammer came down on finger.
Secoiitl tins^er of righthand taken off on shaper. and first finger badly cut.
Two middle lingers of right hand lacerated while operating a drop press.
Forefinger of right hnnd taken otT ; caught hand in cog wheel.
While operating a jointer had the ends of four fingers taken off.

First finger of right hand lacerated while opening a bolt threading
machine.

Leg sprained : beam rolled on it.

1 Hands, legs and face badly scalded by steam.
Right foot burned by some hot metal.
Ends of three fingers of left hand cut off on buzz planer.
Crushed in elevator : was found wedged in the opposite side to where he

would have to stand to operate elevator. He died a few moments after.

Feet burned while pouring molten iron.
Left foot severely burned ; while pouring iron some splashed on foot.
First left finger severely burst while working on a bulldozer.
Leg bruised : sheet of steel fell on leg.
Leg broken, by sheet of steel falling on it.

Severely scalded by steam : a defective throttle-valve burst.
While tailing from a self-feeding rip saw was struck in bowels by revolv-

ing pulley : inflammation set in, cau'lng death.
Foot burned by some hot metal

.

Ankle sprained : while repairing steam-pipe was standing ona box which
moved, causing him to fad.

Was seriously injured in liquor tank room, heart displaced : died from
injuriea a few minutes after.

End of finger taken off : caught between log and carriage knee.
Left eye punctured ; while clipping a die. a piece fiew up and struck eye,
Arm poisoned and swollen : ran a piece of wire into arm.
Three fingers cut : .struck hand on disc plates.
Cut foot on swing saw. it being necessary to ajnputate the fourth toe on

right foot.
Suffering from shock, caused by explosion from piston head.
Suffering from shock, caused by explosion from piston head.
Skull fractured by bursting of emery wheel.
Flesh torn from second finger of left hand to second joint, hand caught

under die.
Finger-nail on first finger of right hand taken off by power press.
Caught hand in belt shifter.
First finger of left hnnd crushed in drill.

Ankle and instep bruised by a crane.
Foot squeezed between moulding box and partition.
Left arm broken, caused by left hand, which was gloved, catching in

reamer and twi.sting arm.*
While oiling loose pulley of countershaft came in contact with shalt, and

was carried from ladder to ceiling ; died following day.
Three fingers of right hand taken off at first joint in power squaring

shears.
While working, pinching up an empty car, engine bumped into car at

which he was working, killing him instantly. ^
Fatal



60 THE REPORTS OF THE No. 8

Accidents Dubing the Year 1904.-

No.



1904 INSPECTORS OF FACTORIES. 61

AVesterx District of Ontario.—Continued.

Persons Injured. Age. Particulars.. No.

Isaac Huntlcv.
Robert Mack...
N. Brooks
John Walls....
John Sullivan.
Geo. Guloria...

A. Hamburg
J. H. Pennock.

H. Cunnineham ,

Chas. Sachs

A. Colmer
G. R. Smith
William Rourke.

J. L. Thompson..

.

Jos. Giilbriuth
Sti'Vc Las;^ln

Chas. Wilson
Herbert Crowther.
J. .Stevenson
Chas. EiiuTV
Z. I.L'brum
P. DUlon
Jolin Ewiss

John Mcintosh.

T. Olavton
T. Kennausrh
Geo. Morton
Jacob Jamieson.,

J. Louberk.

2.5

30
26

40
38

39

18

39
31
22
21
Ifi

44
20

John Holmes 20
W. (.'ollinson I

Alb.rt Jolly ....

E<i. Jones
W. T. Swoenev .

Chas. Triseott...

Francis Waller..

22
29
16
22
69

38

Large toe of left foot broken by a steel plate falling on it. 366
Fourth toe on left foot cutoff by saw. 367
Back injured by hoist.

Arm came in contact with saw machine and was badly c it below elbow. 369
Left leg burned by some hot iron.

"

370
Left leg severely bruised ; while pushing a truck of iron, truck tipped on

leg.
I

371
Two lingers crushed in ft sheet metal press.

1 372
While operating a shaper. the second tinger wa.s cut off nearly to the

first joint, and the tipsoftirsl and third lingers of right haiid were!
lomewhat cut. 373

Foot crushed in gears of nimbler. 374
Shoved hand under drill, and drill passed through hand between thumb

and first finger. 37,5

Left leg scalded by walking into a tank in which soft clay is kept. 376
While inoving a truck slipped on floor, striking bis chin. 367
Little finger cut off while putting belt on moulder with machine in 37S

motion.
Three fingers of left hand taken off in jointer. 379
Met with a slight accident on a circular Siiw. 380
Foot humccl by .some hot iron. 3S1
Top of first linger cut : while piling disc plates one fell on finger. 382
Large right toe bruised, .some iron fell on it. 383
Finger badly burst while working a press. 384
Thumb and firsi right tinger cut ; caught in a bolt machine. 38.5

First left tiiigi-r bruised liy a hammer. 3%
Left arm tmrned at wrist by some hot iron. 387
*WhiIe sjiwintrfeiiee piekets. a piece of woiid in .some way caught saw.'

and was throw 11 forward with great force, striking himiii the abdomen,'
injuring liim internally to such an extent that he died. 388

Two fingers on left hand lacerated with fri/.zer. 389
Finger cut on a hurl t-utter ill broom department. 390
Third finger of left han<l taken oIT by a press. 391
Left hand brui-sed while wetrking ata core bi»x. 392
Thumb crushed at end : caught under punch press. 393
Finger badly bruised ; caught between drill and casting. 394
Top of first right finger taken off while working on punch press. 395
Back and arm burned, his clothes became ignited by coming in contact 396

with gas jet.

Hand severely wounded in boiler room.
j
397

Foot injured in boiler room. 39S
Fell from tower stairs to roof, bruising his knee. 399
Clothing caught in main shafting, and he was wound around shaft, and 400

instantly killed.

Lips and mouth severely cut with shovel.
, 401

Eastern" District of Ontario.

Patrick Lane
I

17

Charles Greig
John Norval
William Blake...
Anson .AUore
S. W. Brooks
Walter Ross
Guillaume Cote..
John Clayton
James King
Wm. Tweedie
Martin Kennedy.
James Jackson...
Robert Smith
Leo Boulger
Marcus Tripp—
John Hall

.

29
21
22
32

26
14
21

Isaac Jackson .

.

John Jliller

Alex. Wilkins .

.

Arthur Wells ...

Harry Minns . .

.

John* Clarke
Thomas Oliver .

22
20
35
24
18

70
48
40
25
45
17
40

First joint of first finger on right hand cut off by a press while making
dipper noses.

Knuckle on right hand cut while putting comers on oblong dinner pails.
Thumb of left hau'l bruised on squeezer machine.
Tops oi middle finirers of left hand crushed by printing press.
Back l>adly bruised by broken timber.
Two ribs broken :.w'hile working on a frame drill, caught in machinery.
Left hand cut at second joint on rip saw.
Flesh cut on side came against a saw.
Thumb on left hand cut. while removing a truck of black iron off elevator.
Tips of second and third fingers taken ott while in the act of oiling jointer.
Right hand seriously lacerated, being struck by a block from saw.
First joint on first finger of right hand bruised while working at a press.
Thumb of right hand bruLsed on printing machine.
Left eye burnt while pouring metal into moulds.
Was sharpening a bar of iron when it slipped and cut palm of right hand.
Jumped on elevator when it was in motion, and dropped a distance of

about two flats. No bones broken, but badly sh^en up.
Shin badly injured ; while trucking a heavy bos truck overturned, bos

.striking him.
Middle fingers on right hand cut at top on rip saw.
Three front fingers of left hand crushed on trimmer machine.
Head bruised and arms sprained ; fell from a ladder.
Left hand and arm burned : big flames flying back out of furnace door.
Bruised instep of left foot while placing scales.
Knee of right leg cut on rip saw.
Compound fracture of shin bone ; while working planer, stepped into bed

while machine was in motion.

• Fatal.
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Accidents during the Year 1904.

—

Date.

Feb.

Jan.

15..

16..

6..

17.,

18..

15.

19.

20.

11.

11.

23.

11.

19.

23.

23.

12.

Jan.
Feb.
Mar.

Feb.
Mar.

Employer.

The Kemp Mfg. Co. .

.

Christie Brown & Co.

The Rathbun Co
The Firstbrook Box Co
Canadian General Electric Co.

The Ottawa Car Co., Ltd
The Canadian Locomotive Co.

The Frost & Wood Co .

ip Mie. Cc
Mitchell «fc Wilson
The Trent Valley Woolen Co.

Feb. 25,

24.

13.

24.

9.

10.

10.

14.

The Firstbrook Box Co

Montreal Transportation Co.

The Ottawa Car Co., Ltd ....

The Gendron Mfg, Co
The Cornwall Furniture Co .

Kemp Mfg. Co
Canadian General Electric Co.

The James Smart Mfg, Co.
The Gendron Mfg. Co

The Firstbrook Box Co.. Limited.

Kemp Mfg. Co.,

4 The Ottawa Car Co., Limited.,

15.

13.

18.

14.

21.
22.
18.

21.

28.

25,

The Firstbrook Box Co
The Canadian Portland Cement Co..

The Firstbrook Box Co
The James Smart Mfg, Co

The Firstbrook Box Co., Ltd.,

The Canadian Portland Cement Co.

.

Stormont Cotton Mill

The Firstbrook Box Co
The Canadian Colored Cotton Co.

.

26
:
John Briggs & Son

29
I
Canadian General Electric Co.

10..
29..

•' 25..

23..

April 4..

March 28 ,

April 3..,

The Canadian Portland Cement Co.,
Canadian General Electric Co

J. Oliver & Sons, Ltd. .

The Frost & Wood Co.

J. E. Booth '...,

The James Smart Mfg. Co
Canadian Portland Cement Co.
The Rathbun Co
Canadian Portland Cement Co.
The Auburn Woolen Co
.C. Wilson & Son
J. i J, Tavlor .

March 28 1 The Durham Rubber Co.

,

April 11
' The Firstbrook Box Co. .

,

Don Paper Mills Co

13.

14 Canadian General Electric Co.

Place.

Toronto

Deseronto
Toronto
Peterboro

Ottawa
Kingston

Smith Falls

Toronto
Gananogue
Campbellford ...

Toronto

Kingston

Ottawa

Toronto
Cornwall

Toronto
Peterboro

Brockville
Toronto

Ottawa

Toronto
Deseronto i

.

Toronto
Brockville

Toronto

Marlbank
Cornwall

Toronto
Cornwall
Brockville

Peterboro

Marlbank
Peterboro

Ottawa

Smith's Falls

Ottawa

Brockville
Marlbank
Deseronto
Marlbank
Peterboro
Toronto

Bowmanville. ...

Toronto

Peterboro

Business.

Metalware

Biscuits

Cement Works
Packing Boxes
Electric Works

Car Works
Locomotives

Implements

Metalware
Lumber
Woolen Goods

Packing Boxes

Grain & Gen. Forwarders.

Car Shop

Vehicles, etc
Furniture

iletalware
Electric JIaehines

Hardware
Vehicles and Furniture ..

Packing Boxes

Metalware
Car Works

,
Packing Boxes
Cement Works

Packing Boxes
Hardware, etc

Packing Boxes

Cement Works
Cotton Mill

Packing Boxes
Cotton Mills
Woodwork

Electric Works

Cement Works
Electric Works

Furniture

Implements

Lumber

Hardware
Cement Works
Cedar Mill
Cement Works
Woolen Mill
Scales, etc
Safe Works
Rubber Goods

Packing Boxes
Paper Mills

Electric Works
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Eastern Distkict of Ontario.—Continued.

Person Injured. Age. Particulars. No.

Chas. Nuthall .

F. Smith

D. Pringle
,

William Lindsay
,

H. Harris ,

P. ^Vhite

C. Heath
Harry Patterson.

D. Thompson.
L. Hurst

John Postle
R. J. Webster.

.

A. E. Camrike

William Parsons.
Richard Bolitto .

Phillip Jarralls ,

W. Willett

Milton Green.
E. H. Silsmer
M. Spech
Will. Culford .

Hueh Fuller .

Ed. Thomson.
Archie Pilch..

Henry Col well. ..

James Due.sberrv.
W. H. Balfor ...'..

A. Lamontagne ..

Frederic Chowen

.

Joseph Bulmer ..

.

James Taylor , ..

Walter Kennedy.

Robert Twedell .

George Gearey...
Luther Sweet
Julia Dutemple .

Henry Moss .

.

James Rilev ..

Charles Brett

.

E. A. Greene

Sidney Flynn
A. Craig

James Quale

Howard Ringer .

George Morin . .

,

Ed. Rathwell
,

N. Maquett
James Doyle

,

Nicholas Rouzie
Maggie Walsh

,

Henry Playter
Samuel Gervin
Philip Alcumbraek.

Alexander Lee .

Chas Burns

H. W. Christie.

W. Bryant

21

60

32
34
25
22

17

28
2.S

35

20

20
40

20

24
27
10

18

19
26

15

38
42
20
42
22
28

21
21

35

Four fingers of right hand crushed by a press while stamping of pail
bottoms.

Fractured ribs just below left shoulder blade, end of one rib penetrating
lung : fell when moving dough tub.

Arm bruised and thumb broken ; slipped, and conveyor caught arm.
Jagged cut (in face of thumb of right hand.
Back strained : slipped from ladder.
Left arm burned about S inches from wrist : while pulling out a motor

switch it areheil across causing a flash, burning arm.
Middle finger of right hand cut off at tirst joint on buzz-planer.
Right arm broken, while engage<1 in hoisting some material ; chain

slipped and he wa.s caught in it.

While working at steam drop had thumb crushed.
Three tingers and two small bones of right hand bR>ken ; while working

at steam drop, the drop fell on hand.
First linger of right hand erushe<l by a drtip hammer.
Thumb and part of hand out on the' " Universal WwkI-worker."
Caught arm in cylinder of wool picker, breaking it at the wrist, and tear-

ing fingers badly. !

Lower joint on thumb of left hand fractured ; was struck by a board.
|Thumb of left hand bruised : pile of boards fell on arm.
|

While oiling bearings of main shaft, clothing caught on shaft, winding!
him around shaft, and causing instant death.

Cut side of hand opposfte thumb about one inch, while ripping a piece of
oak on ripsaw.

Wrist of left arm cut by a milling cutter.
Finger cut on rip.saw.

'

Thnmb cut on ripsaw.
Right foot crushed, caught between elevator and ground floor.

Index finger of left hand badly lacemted and broken at tirst joint ; while
carrying a coil into oven, tripped and jammed linger against floor.

Left fool burned : while pouring molten metal some spilled on boot.
Middle, third and small fingers of right hand caught at the back of the

nails of ertch finger while working on a press.
Jagged cut on back of left hand by rip-saw.
Jagged cut on face of thumb of right hand on cross cut saw.
Half of nail of second finger of left hand crushed off by a press.
Right leg sprained ; fell off elevator while lowering it with a load of

wheels : elevator dropped about five feet stopping suddenly.
Part of first finger on left hand taken off on cross cut saw.
First finger of right hand off at first joint, second and third fingers offi

complete : fourth finger badly jammed : hand caught In coal crusher.
|

Third and fourth fingers of right hand cut on top. on rip-saw.
While grinding stove plate, right hand was caught between wheel and

casting, tearing the hand badly.
Muscles of right fore arm strained" on automatic machine.
Top of first finger on left hand taken off below nail on rip saw.
Right knee injured : caught in pulley, putting on belt.
Forefinger of right hand taken off while cleaning slubbing frame when

in motion.
Jagged cut inside of thumb of right hand, on buzz-planer.
Killed by falling into rope race.
First joint of third finger amputated ; caught in cylinder sanding

machine.
Rigrht and left hands burned, and head cut. while repairing a switch

;

in some way, it got across terminals of a switch, receiving 2,300 volts
across body.

I

Back sprained, slipped while carrying a bag of cement.
Index finger of left hand lacerated at end ; while planing a small piece of

wood, hand slipped against knives.
Lost parts of three fingers and thumb of right hand while operating a

rip-saw.
Tops of second and third fingers of left hand badly lacerated ; came in

contact with gearing.
Hand caught in carrier, while picking out blocks. He was drawn beneath

the floor, and must have rolled into the water raceway and into the
river, and was drowned.

Hand punctured with vent wire.
.Right knee jammed ; slipped while lifting barrel of oil.

First, third and fourth fingers of right hand cut on shingle machine.
Left hand jammed and thumb broken while coupling dump cars.
Left hand caught in pulley slot ; end of finger taken off.

Compound fracture of both legs ; caused by elevator falling on him.
Leg broken ; plate fell on leg while lifting from truck to floor.

Face burned by an electric spark from unfolding of rubber, caused by
explosion of naptha gas.

First finger of right hand cut inside at second joint on pin machine.
Kail taken off one finger and other finger bruised ; while taking paper

from the callender hand caught in machine.
Stomach bruised at top. and left arm bruised above wrist ; fell while

lifting a casting.
Forehead badly bruised and cut ; in lifting a stick of timber, stick slipped

and knocked him down.

FataL
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Accidents for the Yeak Exdixg 1904.

—

No. Date. Employer.

82
83
84
85
86

87

88

90
91
92
93
9i

95

90

97
98
99
100

101
102

103

1(U
105
106
107
lOS
109
110

112
113
114
115
116
117
lis
119
120
121
122

123
124

126

127
12S
129
130
131
132
133
134

135
136

137
138
139

141

142

April 18.
" 18.

18.
• 9.
" 20.

20..

21..

Kemp Mfg. Co
Till- Kirstl)rot)k Box Co.

The Rathbun Co
Canadian General Electric Co.

Toronto Paper Mfg. Co.

The Firstbrook Box Co..

" 21 1 Canadian Portland Cement Co. .

' 29 KempMf'gCo
" 28

1

The Kirsttirook Box Co
Mav 3 Keniii M ig. Co
April 2.i I

The Kathbun Co
iViav4 The Bird Woollen Mill Co., Ltd .

Apr. 27 ' The James Smart M'f'g. Co

Slay 5 The Firstbrook Box Co

10.
4.

Kemp M'f'g Co

Canadian General Electric Co

.

S , The Durham Rubber Co., Ltd.

• 12 Toronto Paper M'f'g Co
• • 13

1
Canadian General Electric

• n.,,'. The Firstbrook Box Co

Apr 2S. .!".
i
".'."".'•

^
I

The James Smart M'f'g Co
Mav 20 1"he Kathbun Co
" .'

10 1
The Eclipse M'f'g Co

20.

1-) A.E.Clarke
25 The Fir.stbrook Box Co

The James Smart M'f'g Co
The Rathbun Co
The Canadian Portland Cement Co.
Kemj) A'i'g Co
The Frost i Wood Co
The Gendnin .Mfg Co

^_ The Firstbrook Box Co
23"."*.'.' Canadian Portland Cement Co .

30" !!-."• .' Canadian General Electric Co.

27.
•25.

27.

16.

17.

19

May
June

May 19.

11.

June 2.

The Firstbrook Box Co
Farmers' Co-operative Harvesting Ma-

chine Co
The James Smart Mfg Co

W. Howard Reynolds

.

Kemp Mfg. Co

3' The Fir.stbrook Box Co.
7""

.... Kemp Mfg. Co
i". Cornwall Furniture Co.

The Firstbrook Box Co.

10.

Canadian General Electric Co.

Canadian Pacific Railway Co.

.

Christie, Brown & Co

Place.

Toronto .

Deseronto .

Peterboro .

Business.

Metalware
Packine Boxes .

Cedar Mill
Electric Works.

Cornwall Paper Mills
'Toronto I Packing Boxes .

Marlbank
|

Cement Works .

Toronto Jfetalware
" Packing Boxes .

" Metal ware •
Deseronto

,

Sash Factory . .

.

Bracebridge Woollen .Mills .

.

Brockville • -Hardware

Toronto
|

Packing Boxes

Metalware

Peterboro
I

Electric Works .

Bowraanville Rubber Goods .

(Cornwall
,
Paper Mill

Petcrlxiro
^

Electric Works .

Toronto ' Packing Boxes .

Brockville Hardware

.

De.serontf. Cediir Mill

.

Ottawa Furniture .

Toronto Leather Goods..
Packing Boxes ,

Hardware
Box Factory.

Brockville
Deseronto
Marlbank ' Cement Works.

.

Toronto ' Metalware
Smith Falls ! Implements
Toronto

1

Furniture, etc .

.

Packing Boxes .

Marlbank Cement Works .

Peterboro Electric Works .

Toronto Packing Boxes .

Whitby BinderTwine ..

Brockville
|

Hardware

Verona 1 Cheese Boxes.

.

Toronto
|
Metalware

Cornwall .

Toronto .

.

Peterboro

Perth
Toronto .

14 The Firstbrook Box Co.
14"']

I Toronto Paper Mfg. Co.

14 The Poison Iron Works

.

Duval's Cheese Box Co.

17 ... The Canadian Colored Cotton Co.

n',','...'. j
Canadian General Electric Co

Ltd.

Cornwall .

'Toronto .

.

Newington .

Cornwall . .

.

Peterboro .

.

Packing Boxes .

Metalware
Furniture
Packing Boxes .

Electric Works

.

Car Works.
BLscuits

Packing Boxes
Paper Mills
Boilermakers, etc..

Cheese Boxes

Cotton Mills
Electric Works

.



1904 INSPECTORS OF FACTORIES. 65

Eaktkkx Distkkt ok Ontario.—Cnntiiiiu-il

rL'rs<m Injured.

Wrx Wadpctt ...

Willimii MdiHK'l.
i:o.« lAMcli
.IiMui CiirtliMid ..

W. Brviint

N. F. ('(irriii .

.luliii Zeran. . .

,

LlDyti Si-jmldii.

Age.

Win. Vati's

,l(ilin llMttiiii

Rii'lninl HciliK" ...

Kichfiril .IdluiMin..

'I'hiuniis McXi-'ils ..

.hiliu Hiissiiril

Clinton I.L'nnc

.Inlin FIctduT ....

Ik-nry MeDonnld.
William Nixon . .

.

Walter Janu'S

I). ('. Findlay.
.1. Hanralian ..

18
21
17
45
22

20

'i.V

22
23
24
18

23
l.S

19

18
21

21

21
SI

17('has. Ba^nall

Fred. Roe
!

55
F. Meadows 1 29
William Bradsluiw 24
Timothy Lewe.s I 28
William .loy

1

'.'8

Claude Deline IB

L. Laflenr i lu

E. Cote .

Samuel Milkr
Pieman Whaleu
Robert Clarke
Bronridge
Roy Marsh
Wilmot Andrews
Leslie Paul
.John Priee ' 23

21

41
GO

17

William Carr .

s. M. Flynn
Thomas Desautel.

William Carr . .

.

Charles Eastley.

Thcnias Doyle .

yidnev Keeeh.

William Hunt
Robert Thompson .

James Tiunetl
Arthur Roberts
George Hanton. . .

.

Arthur Warner. . .

.

Charles Rnmohr. .

.

J. Williams

.John A. Wilson. .

,

Albert Smith

William H. Brown
William Bolton....
C. C. AldridKe

John Waldrvilf .

.Vlbert Payette
Fred. Riches .

.

28
43
24
20

21
21

23
51

4.5

30

19

I
5 Fact.

Particulars.

First finger on left hand crushed by a press.

Thumb of ri^lit hand cut oti trimnu'r maehiiu'.
Fourth and tilth tiugers of riKht hand ctit at top on trimmer machine.
Top <tf thumb on ri^ht hand taken olT on liolt cutter.
Forelmid bniUy bruised and cut ; ill lifting a stick of timber, .stick slipped

and knocked hini down.
Arm badly lacerated at cIImiw ; leaned a^'ainst revolving gears, catching

arm.
Left arm broken by the caving in of a Ijrick arch.
IJccp gash a<-r<)ss fh-shy part of arm below cl!>ow : also cut at elbow joint

on cross-cut saw.
Bone of second linger on left hand bruisccl ; hand caught in dump car.

First joint on second linger of right hand cut while working a pre.ss.

Top of thumb und4T nail of rii,'ht hand cut on rip .saw.

Second anti third lingers crushed while inakiug strainers, by a press.

First linger of right hand cut : knife Hew off sticker.

Went into jtieker room, where his brother-in-law was picking; walked
around to th^- back of tin- i>icker where the wool was coming out. and
put his right hand into the oi»eiiing: the hand was completely
smashed, and had t4) In- taken oft just abov*' wrist.

Cliest and right side .scalilcd ; water in pig pi>t cau.scd molten metal to
exploile.

Middle linger of right hand cut under (irst joint on trimmer machine.
Three lingers of left liand bruised (Ui groover machine.
Tliird and fourth fingers of left hand cut at top on trimmer machine.
Half nail on first linger of right hand cut off while trimming pails with a

pre.ss.

Right hainl lanlly burncil by a short circuit while pulling a switch.
Left eyi'l^all cut'; while chipping a small piece of wire, piece struck him

in eye.
Finger* severely <'ut : caught linger between roll and frame of packing

machine.
Foot and leg si'alded. by slejiping into hot bleach liiiuor.

Toe of right foot broken, a heavy casting fell on it.

Bruise oil chest, cau.scd by haial-hold machine.
Tliuiub of left liainl cruslied by diMir of car.

Molten metal spilled on boot and tmnied foot baiily.

First and second lingers of right hand lacerated on shingle mill.

Tops of second, third and hairth tiiigers of right hand taken off, while op-
erating a press.

Lost tip of second linger, and cut side of tliird finger, while operating a
button-making machiuc.

Left foot badly bruised. b>- a, cylinder falling on it.

Jagged cut on top of little linger of left hand, on shaiier machine,
(.'rushcvl right hand between punch and steel bar.

Finger and thumb laceniled, hand slipped on saw.
Thumb nail torn off left hand, hand caught in dumping car.

First finger of right hand and part of nail cut off. by a press.

Fotit burned badly, some molten iron spilled on it.

Index finger of left band crushed w hile working at a press.

First linger of right liand cut on groover machine.
Left foot and leg bruised : .slijtped while carrying machinery.
Thumb of left hand ground off to first joint, 'while grinding steel ; thumb

caught between rest an<i wheel.
Jagged cut on face of left hand, on gang saw.
SerioiLsly injured liy the bursting of an emery wheel.

*Was struck in lower part of body by a chisel, causing a strangulated
hernia, from whicli lie died.

While putting loose key in crank, shaft of chopper fell, and cut his foot off

at ankle.
Left leg scalded by stepping in tank of water near smelters.
Left eye struck by a4-inch nail while making a tjible.

Top of third linger of left hand bruised on automatic machine.
Thumb and first finger of right hand crushed by a press.
Struck in the abdomen by a piece of wood flying back from rip saw.
Jagged cut inside of thuml* of right hand, oh rip saw.
Muscles of right arm strained on planer machine.
Eye ball badly cut and bruised, while tightening a nut, wrench slipped

and struck eye.
While building cars .struck a nail with hammer which pierced his foot.
Fell in tank of hot water ; while standing on edge of tank foot slipped

and he fell in. burning arm and leg.

Fourth and fifth fingers of right hand cut on shaper machine.
Forefinger badly torn in teeth of Siiw,
Third linger aniimtated at second joint and second finger badly crushed :

fingers caught in gears.
*Fell feet fir.st into a huge vat where logs are boiled, and was literally

cooked from waist down ; died forty hours after.
Palm of hand cut badly : caught between belt and idler pulley.
Left hand badly lacerated ; bruised, and bones in back of hand broken

;

hand caught in revolving parallel bars.

* Fatal.

82
83
84
85
86

88
89

90
91

92
93
94
9.5

9fi

97
98
99
100

101

102

103

104

105
106
107
108
109

110

112
113
114
115
116
117
IIH
119
120
121

122

123
124

126

127
12S
129
130
131

132
133
134

13S
1,36

137
138
139

140

141

142
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AcclDEXTt* FOR TUB YeAR EnDING 1904.-

n:i

lU
143
Mil
117

US
II'J

150
151

162

153

IM
155

15S
157
138-

160
iin

uvi

1l'>3

IM
ii;5

167

16X
lli'J

170
171

172
173

174

175
176
177

17.S

179
1X0

ISl

IS'i

1S3

Kmi'lDVL-r.

jMllu •-'0.

" 20.

20.
•• 20.

Ki-niii .Mff;. Co
Th.- Kirsllircirik Box Co
Ciiimdiiui (h-iuthI Kk-ctrii- Co

TonHittt ..

I'l'tiTborn.

'JS I

Toronto I'nptT iffg. ('o. ('<inn\iill

21 ' The Rathbun Co Di'htoiiIo

20 '
KnisI A Wooil Co Smilli'.'* Fiills .

4 I Till- Caiiiiciiiiii I'ortland Cement Co.
29 I A. Iliii-kle.sA Co

•2'.' I'\-nsoin EU'valoi- Co. .

.

29 CMnadinn Portlaiai (Vuiellt Cti

4. Toronto I'aper Mf^. Co.
Tile Kirstbrook Box Co

Marl hank
llltaiva .

Toi'onlo .

.

.Marll>nnk

( "ornwall
Toronto .

.

June 23 Cliristif Brown A Co .

• 27
Jnly 17

1.59 .Inne23.

July 14.

.Inne 6.
• 13.

Jnly 1.

14...

Tin- Uathljini Co ...

titristif Brown iV: Co

|)eseronto .

Toronto . .

.

Thr Kirstbrook Box Co
The Eclipse Mfg. Co Uttawa

Tile Trent Valley Mi's Co Cani]il)ellfor(l

The Canadian Locomotive Co Kiny-ston
The Canadian Portland Cement Co Marlbank
Peters & Cains Haliburton ..

Aug.
Jnly
Aug.
Jnly

An;.'.

Jnly

Jnly

M'g.
Jnly
Jinie

Jnly

The Kirstbrook Bo.x Co

16 •

i«
;

6 ' 'Ihi' RathbnnCo Mnrlbnnk .

5
I

Canadian Paeitiu Railway Co Perth
6 :

Canadian General Electrie Co Pelerboro ,

29 I Tlu- Kirstbrook Box Co
Kemp Mfg. Co

i7 Tlic KatlibunCo

Toronto ...

De.seronto .

2 Kemp .Mfi;. Co .' Toronto ..

.

2 . ...
"

-,

20...........! J. R. Tnridjnll... !!'.'.!!!!!".! !'.i.^!^! Gnll River!

Is McLan>.dilan Bro.s ; Arnprior. .

.

Business,

Metalware
Packing Boxes .

Electric Works..

Paper Mills
Shingle Mill

1 mplenients
Cement Works,
Grocers' Specialties

Elevators

Cement Works

Paper Mills
Packing Boxes .

Biscuits .

Cement .

Biscuits.

Packing Boxes .

Furniture

Woollen Mill .

Locomotives .

Cement
Saw Mill

Packing Boxes .

Cement Works
Car Works
Electric Machines

Packing Boxes
Metahvare
Cedar Mill

Metalware.

Saw Mill.!

Lumber . .

.

1K6
1S7

190
191

192
193

191

195
191)

197

198
199
200
20

;

202
203
201

295
206

Aug. 9
i

The Kirstbrook Box Co
• '

i

•

X
I

KcmpMlg-Co

July is Tb.i James Smart Maniilaitnring Co

Aug. 5 The Rathbim (;o
'• 12

I

The Kirstbrook Box Co
•• 16
• Hi

Toronto. Packing Boxes.

Metalware.

Brockville ! Hardware .

Marlbank.,
Toronto

Ivcmp Mfg. Co Toronto16
24 Abbott. Gram A: Co
23 ' Kemp Mfg. Co..
25 •

19
j
TheRathbun Co

26

Sejil.

I hr FuMliniok Box Co
I h. Kalhl.nn Co
Thr .l;inics Smart Mfg. Co...
Can.idian Coh)i>'d Cotton Co.

Tlic Kirstbrook Box (.'o

Brockville.
Torcnito ...

Toronto

Brockville.
Cornwall ..

Cement Works.
Packing Boxes.

Metalware
Confectionery .

Metalware

Cedar Mill.

Packing Boxes.
Iicscronto ' Cedar Mill.

Hardware .

Cotton Mills.

Packing Boxes.
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Ka.sI'KHN |)lsiKl(T OK n.slM(li). ( 'i illlillllcil.

rrlUdll llljlirrd.

Iliiiry IJnH'soii

Williuni Kri'cland .

I'. McHgluT
I». Thonitt»ii
Ali-x. iM.rljfs

C. B. Bailiy
.Inst'pli Nfclin
Kiiward Connors. ..

I*"rinik Mcttnmn. .

.

1'"|T(I. IiK-niU'ii

K<i.v Mttrsli 17

Hfrl> rlmrnm .

Albi-rt slii.uk .. M
I 'Un^. Kvjuis
Win. N'uiiliuren ..

lliTbiTt I.itlniiui .

Iciink' Ditk .

W. U. Siiiilli I 20
('. I'orti-oiis 17
Alfr.-(1 LttMi' 17
Andrew I\-t*liii|tf

Iiiiliicl Iti-cs

\.-l-.,ii Yiili-s

Williiun ]>iincan .

William \\'irui

Kiipir Iinnn
^. 21

.Fas. Knu'i-son *
I 20

'rhonia." .Icincs IS
Walter Ko.xs 23
(ieo. Cran.ston 22
Ko.v Wildtrian IS
.lolin Slic'a 26
Knink Wilson 2K
Kaelano lienkenrterk 34
W. Bclle.sjiiem 18

KrnL'.«t Fosli'r. .

.

.Inn. I'arsonson.
C Kinnnerly .

.

15
2S
39

Frank Davey 18
Kred Hunlridge

1 21
J. K. Turnlinll ' ...

.lolin H. Mnrphy 35

Frank ('lialio!
,

26
Chris. Stephenson 63
Kobert Bovd 20

Frank Seale

.lames Tillson
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Accidents for the Yeak Endi.m; 1904.

•207

ion
•2ua

210
•211

ari

213
214
21fi

216
217
•218

219

^•20

•2-21

in
•223

•2-24

•2^25

2^27

2'28

229

Aug. 26
Sept. 6.

Ht-pt. !

Aug. •*.

Supt. II

231
•232

•233

2S4

23.i

236
'237

•238

•239

•240

Oct.

Nov.

Oct.

Nov.

Marlbttiik Cement Works Marlbank Cement works
The Katlitiun Co ' Descronto ' Cedar mill
Jolm Dii'k. Ltd

i

Toronto Jute and cotton \mg».
Joseph Simp.son & Sons ,

" Knitted goods

14..

•21..

24..
29.,

30..

30.
•29.

3.

3.

Sept. 26.

Oot. 6.

8.

13.

The Ottawa Car Co Ottawa

The Rathbuu Co

Car works

.

Deseronto Cedar mill

_
I

Marlbank Cement works.
The Firstbrook Box Co

i

Toronto Paeking boxes.

The Toronto Paper Mfg. Co
i

Cornwall Paper mill
The Firstbrook Box Co ' Toronto Packing boxes.

18.,

18.,

15.

230 Oct. 23.

•26.

•26

•26.

17.

The Cornwall Furniture Co Cornwall Furniture
The Kemp Mfg. Co I

Toronto Metalware
The Kathbun Co Marlbank Cement works. .

.

Canadian General Electric Co :
Peterboro

|

Electric works. .

.

Canadian Colored Cotton Mills Co Cornwall Cotton mill

The Firstbrook Box Co !

Toronto Packing boxes. .

.

1
Kemp Mfg. Co

;

••
|

Metalware

I The Ontario Wheel Co Gananoque Carriage wheels.

The Rathhun Co
i

Deseronto Cedar mill
Cement works ..

3.

3
31.

31.

3.

The OtUiwa Car Co.. Limited.

The Firstbrook Box Co

Marlbank ,

Ottawa. Car works.

Toronto Packing boxes.

Kemp Mfg. Co ••
!

Metalware

Canadian General' Eiectric Co! !!!!!.'.'.'."
j

Peterborough .'.... Electric works. . .

.

The Poison Iron W'orks ' Toronto
,

Boilermakers, etc.

1 ' The Firstbrook Box Co. Packing boxes.

243
•244

•245

246

3.

10.

Frost & Wood Co :
Smith's Falls Implements.

.

Graham Co.. Limited ;
Belleville Canned fruit

.

247
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ICahtern Di8tkic't ok Ontahio.—Continued.

Person Injured. ' Age. Particuhirs.

Dsmiel Smiilhvoofl 23
Albert Smith.
Aliee Burns
('litis. Malcolm
I. Gautier
J. Putli-r

Frank D(inalii<on.

Kin' Stewart ....
hellM-rt Huyeke .

< K Bi.saillon

Thos. Forde
Walter Gonyon .

.

Winnie Logan...

John Kver.

Hiirnld Thompson
"lie.sier Darnborough.
.i'lhn Nicols

John K. Thom[.>

.\lhin Wheeler....
Marshall Switzer .

Put Meiiratli
John Goldberg . .

.

Roy Johnson
rharlfs Brittoii

,i»)hii MeArthur ..

.

.1 . W. Emslie
J. B. Smith
William Williams .

Xorman Callon

.

Arthur Farrell
,

Frank Ross
Sylvester Snow
Nelson Smith .

.

Wm. Capper

Thos. Goldring..
Orial Proulx
Nathan Wager .

.

Williaiii Brown.

.

Albert Crumb . .

.

.Samuel Harris..

.

John Shootrend .

Wm. Wilson

Edward Major
Wm. Toppings ...

Samuel Hartford .

Jos. HenntTly . . .

.

lames MuLeiin ..

.

Wm. Wager

Ernest Lacroix.

Theophile Grenier .

James Robinson

Wm. Lee .

Henry Cote
Arthur Cornish.
Wm. Wilsun

19
15

18
William Phelan
JaiJH'S Martin..
I..-o('ole

Thiiiiias Swan.
A 1 bert Germain ' 29
lohn Houghton 22

42
18
10

18
20

27
16
24
19
20

37
1<3

Finger of right hand crushed by nutnmutic fcedor. 207
Inside of little finger of left hand takm oif while buttint? off shingle. 208
Third finger of left haml taken olT at tirst joint in eyliniler printing press.

I

209'

Finger crushed in carding machine.
,

210
Hand squeezed in a bell in spinning room. 211
While boring beam of sloop on boring machine, the sleeve of shirt caught 212

auger, cutting arm about three inehes.
Left arm bruiM-d oti <lraK saw. 213
Sprained ankle misled .ste]» and fell. 214
First finger of left hand cut at top on rip saw. 215
First and second lingers o( left hand cut at top on rip .saw. 216
Three fingers of right hand jammed in calender rolls. 217
Head bruised by Ixiard from lumber pile. 218
Second finger of left han<l cut. and tirst finger of right hand cut on .shajier , 219

machine.
Second finger of left hand cut at top on trimmer machim*. 220
Second and thinl tiuKers (if right hand cut on rip sjiw. 221
Hand badly cut on shaprr. 222
First finger of right hand bniiscfi by a press. 223
Left hand bruised : was struck with a sledge. 224
In going out at noon, when (m second step going down, slipped and fell' 22b

six .steps, landing on back. Suffering from shock onlv. i

Three fingers caught in a belt, one finger bruised, and point of linger' 22iJ

broken.
Third and finirlh fingers of right hand cut at tt>p on trimmermachine. 227
Third finger of right hand cut on planer machine. 228
Caught thumb, third and fourth fingers of right hand in saw. while 229

ripjjing a board.
|

Caught under elevator and was badly bruised; while working at bottom! 230
of shaft. elevat<.)r was lowered by some one above.

Was throwing wood into chain : block struck him injuring bowels. ( 231
Hands and face luirnci by a lubricator. 232
Right leg .scrai'cd from thigh to ankle : fell between a pier and tube mill. 233
While working on a car ; fell from a scaffold a distance of five feet, bus- 234

taining a bruised limb.
Fingers of left hand bruised on groover machine. 235
Thumb of left hand cut by sliver from trimmer machine. 23fi

Middle finger of left hand bruised on self-feeding rip saw. 237
Palm of left hand torn open by nail. 238
First finger of left hand i-ut off at knuckle by a drop hammer. 239
Left thumb stiwn c»mipletely through to first joint and badly lacerated; 240

while ripping a piece of board, hand came in contact with saw.
•Was erecting tank, and in turning over cone, one of the guvs made fasti 241

to <tld oil derrick pulled siime over, striking hira on head. " He died one'
hour after accident.

See<tnd and third fingers of left hand severed at first joint and thumb, 242
first and little fingers damaj;ed on rip-saw.

Abrasion over right eye caused by pitce of w^ood from rip-saw. 243
Bones of left foot bnjken; a sheet of iron fell from roof on foot. 244
He was putting a belt on a pulley while in motion ; had a mitt on hand 245

and it caught under the belt, pulling him over shaft breaking arm, so
that it required amputjition below the elbow.

Tripped and fell into ladle of molten metal, the metal .spilling on left 246
groin and leg:, burning severely.

Third finger of left hand bruised while cutting pail ears. 247
Fell from screening machine In fioor, a distance of twelve feet. 248
Cut on left side of neck behind ear by a belt breaking. 249
Ends of three fingers of left hand jammed in a stack of calenders. 250
Caught hand in press : index finger of right hand taken off at first joint. 251
Finger bruiisd on carding machine. 2.52

Gash cut under side of thumb of left hand, caused by drawing knife. 253
Face and eye burned inside; while .scraping dripping in pot. grease 254

splashed on face.
Three last fingers of left hand lacerated on circular saw. 255
Jammed back of left hand between dredge bucket and sidefacer. 256
Cut on back of hand over fourth joint on trimmer machine. 257
Right hand badly bruised

;
caught between belt and pulley. 258

Eye injured l)y sunn,' lioi iron s|ila.'^hii)g in it.

"

259
Top of first tinger of right hand bruLsed by a press, while punching oiler 260

screw. I

Fingers badly crushed while replacing a cable on a drean used on a' 261
derrick hoist. !

Right arm broken by a cr()wbar falling on it. 262
Side bruised and some ribs broken ; caused by iron pulley breaking, and 263

some pieces struck side.
j

Bruise on wrist and thumb of right hand while working at a planer" 264
machine.

,Jammed the first two fingers of right hand with tripper in coal room.
j

265
Fainted while at work ; not injured. i 266
While pouring iron had his face burned by some flying iron. 267

* Fatal.
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ICastekx District of Ontario.—Continued.

Pursnii Iiijiir^'Ci.



AN ACT TU AMEND THE STATUTE LAW, 1905.

Inspectors ^Q Where an Inspector appointed under the Ontario Fuc-
siat.. t.2o6. tories Act is called as a witness, he shall be entitled acting

S?h]g'?vi^'° herein by the direction and on behalf of the Attorney-
dcnci-. General or of a member of the Executive Council to object

to giving evidence as to any factory inspected by him in the

course of his official duty.

[72]
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Err/wum.

Some slight tvpographical errors have oacurred in the population of the Oounl
given in the Appendix, "Causes of Deaths by Counties." The correct figures are

follows :—
Population.

Algoma 4.5,693

Brant 38,-394

Bruce : .59,413

Carleton 97,-5,50

Dufferin 21,177

Elgin 43,876

Essex .58,906

Frontenac 44,831

Orey 70,0.53

Haldimand '. 21,.376

ITaliburton 6,602

Halton 19.675

FTa.stings 59,

Huron 62

Kent 57

Lambton -57

Lanark 37

Leeds and Grenville 59

Ijennox and Addington 23

Lincoln 30

Middlesex 93

Mnskoka 21

Nipissing 36

-Norfolk 29



LETTER OF TRANSMISSION.

To His HoNorR W. Mortimer Clark,

Lieulenunt-Goveriior of the Province of Ontario.

iIay it Please Your Honour,—
I herewith beg to present for your consideration the Thirty-fourth An-

ual Report of the Registrar-General, relating to the registration of births,

aarriages and deaths in the Province of Ontario during the year 1903.

Respectfully submitted,

W. J. HANNA,

Registrar-General of Ontario.

[5]



Toronto, March 22iid, 1905.

Sir:—I have the honor to submit for your approval and submission

His Honor, The Honourable William Mortimer Clark, Esquire, Lieutenan

Governor of Ontario, the Thirty-fourth Annual Report made in conformii-

with and under The Act Eespecting the Registration of Births, Marriag^

and Deaths in the Province of Ontario for the year ending December thirt

first, 1903.

I hive the honor to be, Sir,

Tour obedient servant,

Hon. W. J. Hanna,

Registrar-General of Ontario.

CHAS. A. HODGETTS,

Deputy Registrar-General.

['i]



THIRTY=FOURTH ANNUAL REPORT

OF THE

REfllSTRARGENERAL OF ONTARIO, CANADA.

Toronto, Dec. 30th, 1904.

To THE Honourable W. J. Hanna,

liegistrar-General of the Province of Ontario.

Sir:—I have the honor to submit for your consideration and approval,
the following Report on the estimated population and on the births, mar-
riages and deaths registered in the Province of Ontario for the year 1903,
the same being the Thirty-fourth Annual Report.

Estimation of Population.

In the preparation of this, my first report, the first point to be considered
is the estimation of the population for the year. The method adopted by
my predecessor in 1891, and subsequently continued by him, was that based
upon the "natural increases" as determined by the dift'erence between births

and deaths which he found for 1902 to be "rather less than 1 per cent, of

the census population" of 1901, but ','allowing for the rather less perfect

return of births than of deaths, an increase of one per cent, has been added
to till.' previous population as the basis for calculating the various tables."
That this method of estimating the "natural increase" of England & Wales,
is not that used in finding the "ofiieial estimate" is seen from the Fiftieth
Report of the Regitrar-General, who, in speaking of population, states

:

"The official Cistimate is framed on the hypothesis that the rate of increase
which obtained in the interval between the last two (census) enumerations
has been maintained in the succeeding years, and when dealing with the
aggregate population of England and Wales, this method of estimation has
hitherto been found to be remarkably trustworthy," and after discussing the
effects of emigration and immigration upon the population, the conclusion
is arrived at that all apprehension then as to the ofiieial estimates b.'ing so

wide of the mark as to invalidate rates may be safely dismissed."
A study of the latest reports of the Registrar-Generals of England and

Wales and Scotland clearly indicates that the "estimated population" for
the interceusal years is arrived at upon similar methods by both officers as

those just described, with the addition, that for greater accuracy,
as the population of census years is that of April the first, the estimate is

made for June 30th, or the middle of each intercensal year, and for -tatis-

tical purposes the method of "natural increase" has never been adopted.
Pursuing the question further, it is found that the method just outlined
i^ that adopted by most European countries when estimating the popala'.ion
for intercensal years, and among the states of the United States may be men-

[-]
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tioned those of Massachusetts, Michigan, New Jersey, Maine, Ehotle Island,

and New Hampshire, all of which calculate on the tables of geometi icai pro-

gression. I have, therefore, adopted this method of calculation chiefly on
account of its being the best known, and, further, because it brings the

Province of Ontario on a common basis for the purposes of comparison of

statistical returns of all kinds, and the population for one year is estimated
by geometrical progression from the census returns of 1901., June -JOth,

the mid-year of 1903, which makes the total for purposes of estimatiom

elightly lower than that given in last year's report, the figures are 2,198,692.

BlETHS.

During the year 1903 there were registered in the Province 48,742
births, (including still births), 25,071 being male, and 23,671 female in-

fants, which is equal to a rate of 22.1 per 1,000 persons living, (Table 1)

which is an increase of 0.4 per 1,000 over 1902, although the rate is yet coh-

siderably below that of any of the European countries, (1900) with the ex-

ception of France, in which country it was 21.9. In comparison with ad-

joining States and Provinces it is found from the latest returns that is the
year 1902 the birth rate was as follows :

—
Quebec 34.05
Rhode Island 2.5.09

Connecticut 22.5
Ontario, 1102 22.1
Vermont 21.9
New Hampshire, 1902 20.04

New Hampshire, 1903 19.68

^'^figu^e8 which indicate that the birth rate in this Province, even allowing for

errors due to non-registration7~is far from satisfactory, for with the era of

commercial progress which has existed for some" years, it is but reasonable

to have expected a more marked improvement in the number of births ; that

such is not the case is regrettable, for it would indicate possibly that natural
conditions are being interfered with, or being supplanted by those of a
preventative character and criminal in tendency.

Births hy Counties. The births as registered by Counties will be found
in Table I. Of the 44 counties in the province, 27 show an increase of

1,681, and 17 a decrease of 835.

The counties with the highest birth rates, per 1,000 of population are,

Nipissing 49.3 It
Prescott and Russell 38.1 I."
Algoma 31.2 i 'c

Parry Sound 30.4 |a
Muskoka 30.0

I

while those registering the lowest are,

—

Prince Edward 14J
Elgin ."

.
16.8

Northumberland and Durham 16.9

As an indication of the settlement of the northern portion of the
country, the increase in the following districts may be noted as follows,

—

lAlgoma 40, Rainy River 36, Thunder Bay 56, Nip'issing 255, or a total of
387, which is 45 per cent, of the total provincial yearly increase. The
births in Presrott & Russell increased 110 over those registered in 1002. and
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a similar condition is found in the united counties of Stormont, Dundas
and Glengarry, where the increase is 108, in both counties the increase

more than counter-balances the decrease reported in the preceding year.

Of the older settled counties the more marked contrast occurs in Essex and
Middlesex, with increases respectively, of 197 and 178, and the marked fall-

ing off in York county, when the increase was 595 in the year 1902, and
only 61 in 1903. Also the peculiar variance in the returns of Carletou coun-

ty, where an increase in 1901 of 407, was followed bj' a decrease of 53 in

1902, and 13 in the present year. It is difficult to believe that the variance is

altogether to be attributed to "non-notificatiou" in one year as compared
with another; but like the general decline in birth-rate, it must be sought
for along lines of unnatural causes.

Births in Cities. The births in the fourteen cities of Ontario, (pop-

ulation 478,399), are set forth in Table (2). The total number registered

was 10,996, an increase of 429, over 1901, and representing 20.5 per cent,

of the provincial totality, the rate being 22.9 per thousand. The following

7 cities show an increase over the preceding year, viz.,—Belleville, Brant-

ford, Chatham, Hamilton, London, Stratford and Windsor. In the other

seven, the decreases totalled only 74, a compared with the preceding year.

Births in Towns. Table (3) gives the births registered in thirty-nine

leading towns of the Province, with an estimated population of 143,301

—

they total 3,532, or a rate of 24.6 per thousand, which is 1.7 per thousand
in excess of those registered in the cities of the Province, and almost iden-

tical with the rate for 1902. In order to make comparison of the two fore-

going groups of municipalities with the rural districts, the following table

is submitted.

B'nlhs ill GrOKpa of ^fl-^nlcipaHfiei<, 1903.
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were registered in each of the years, while the ratio to each 1,000 births is

16.05, as compared with 17.2 in 1902.

Illigitimatcs. In the same table will be observed the number of infants
born out of wedlock, was 782, or in the proportion of 16 per 1,000 births—

a

figure much below that recorded in England & Wales, ^lt»02) wh<;re it was
39, o-r in Scotland (1902) where it was 62.8 per 1,000.

Marriages.

The marriages registered for the year 1903, numbered 19,830—corres-

ponding to a rate of 9.0 per 1,000 of the total estimated population, (Table

1.) The increase of 1842 over the preceding year is most marked, for in

1902 the increase was only 37 over that of 1901.

Among the counties the lowest marriage rates in proportion to the

estimated population at all ages were, Rainy River, 5.5—Halton, 5.8

—

Haliburton, 6.3—and Hastings, 6.9; the highest in Essex, 28.3—(abnorm-
ally)—Thunder Bay, 12.5—York, 11.1—Nipissing, 10.8—Welland, 10.7, and
Algoma, 10.3—(Table 1.)

In comparison with 1902, the two counties showing no change in rate,

are, Dufferin and Lincoln, and the following a decreased rate, viz.,—Halton,

Haliburton, Hastings, Kent, Lambton, Leeds & Grenville, Norfolk, Parry
Sound and Victoria, although with the single exception of Victoria county,

when the decrease was 1.0 per 1,000—the reduction ranged from only 0.1

to 0.6, while among the 33 counties presenting the greatest increase. Thun-
der Bay, 3.6—Brant, 2.6—Algoma, 2.5—and Haldimand, 2.2 per 1,000

rank highest. The marked increase in the counties of New Ontario, is an
evidence of the permanent settlement going on in this section of the Pro-

vince.

Comparison tcith other countries. In comparing with other countries

I have collected the latest statistics received by the department, and in

each instance the rate is given for each 1,000 of the estimated population.

Rhode Island, 1902 9.23
New Jersey, 1902 9.22
Vermont, 1902 9.15
New Hampshire, 1902 9.69
New Hampshire, 1903 9.27
Ontario, 1903 9.2
Connecticut, ]902 8.14
England and Wales, 1902 7.9
Quebec 6.4
Ireland, 1902 5.2

f«r
j^ ^,j]j thus be seen the number of uiHrriaa;es registered is very much

similar to those of most of the states quoted, yet it is much in excess of that
of England and Wales, Ireland and the Province of Quebec, and in com-
pari.son with other countrie.", the late in Ontario is mo.st satisiactory.

Marriages in Cities. The marriages registered in the cities numbered
6,600, or 721 in excess of the preceding year, being nearly one-third of the
total number registered for the year, and the rate being 13.8 per thousand,
or 4.8 in excess of the provincial average—(Table 2) ; the only city with no
average excess is Stratfprd—but, as has been the custom, there Ls a marked
increase yearly of the rate in Windsor, as shown by the following table:—
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Deaths.

The deaths registered in Ontario for the year 1903, numbered 29,664,

(including still births), and were in the proportion of 13.4 per 1,000 of the

total pro^'ineial population at all ages. (Table 1). The rate is in excess

of that for 1902, but slightly lower (0.2) than in 1901, notwithstanding,

however, the slight increase, it would appear the health of the Province mUet
be considered good when compared with that of other countries, as taken

from the latest returns (1902).

Per 1,000.

Quebec. 1902 18.2

Scotland 17.2

New York 17.0

New Hampshire, 1903 16.49
England and Wales 16.2

Vermont 16.0

Rhode Island 15.9

New Jersey 15.9

New Hampshire, 1902 15.87

Connecticut 15.2

Ontario 13.4

County Deaths Rate. The counties with a higher rate of mortality
than the provincial ^^verage, are Thunder Bay, 20.0; Nipissing, 17.7; Oar-
Jeton, 17.4; York, 17.0; Prescott & Russell, 16.4; Frontenac, 16.1; Leeds
& Grenville, 15.1; Peterborough, 14.8; Wentworth, 14.6; Welland, 14.1;
Middlesex, 13.7; and Northumberland & Durham, 13.7; while those record-
ing \ke lowest are. Parry Sound, 10.3; Haldimand, 9.8; Rainy River, 7.9.

The high rate in the Thunder Bay District, being no doubt due to an ab-
normal increase in population over that estimated, and the apparent low
mortality in the Rainy River District is pos-sibly due to imperfect regis-

tration.

Death-rate for Decade. In (Table 9) will be found' the death-rate per
1,000 by counties. It will be seen that with the exception of the j'ear 1900,
when it was 14.0, the rate for 1903 is the highest recorded, and the counties
with the highest death rates during that period were in Carleton, 18.5 ; Pres-
cott & Russell, 14.9; York, 13.8; Frontenac, 13.5; Wentworth, 13.2; and
Lincoln, 13.1; and the lowest in the following:—Stormont, Dundas & Glen-
garry, 9.5; Victoria, 9.6; Huron, 9.6; Bruce, 9.8; and DufEerin, Grey &
Haldimand, 9.9 each per thousand.

City Death-rate. Consequent upon the greater care taken by cemetery
authorities and those interested or connected with the interment of the dead,
to comply with the Act, greater accuracy in the registration of deaths is

found to occur in the cities and towns of the Province, and to this accuracy
in some degree must be attributed the higher mortality rate, but at the
same time it must not be forgotten that with the enjoyment of the so-called

comforts of life as one obtains in urban district*, there is the increased risk

to life, and fresh unpolluted air, sunlight, and freedom from the city's

strife and turmoil are conducive to health and prolongation of life; but on
the •ther hand, the unsanitary condition of most farm houses and want of

proper ventilation, together with, in many instances, either improper food
or imperfectly cooked food, tend to shorten life, as usually lived in rural

communities.
The totality of deaths in the cities for 1903, (Table 2) was 8,324, being

an increase of 753 over the previous year, and a rate of 17.4 per thousand,
or 4.0 per thousand in excess of the provincial average. The cities with a

death-rate above the average were, Toronto, 17.8; Belleville, 18.6; Kingston
& Ottawa with each 20.9; the smallest death-rate was in St. Thomas, when
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it was 12.7. The following comparison of the death-rate in cities in other

countries, e. g., United States and England, of municipalities of a corres-

ponding population to those of Ontario Cities is made:—
Table showing deaths in Ontario, United States and England.

Ontario.

Toronto
Hamilton
Ottawa
lyOndon
Kingston
BiantfiTil . . .

.

St. Thomas . .

.

Guelph
St. Catharines.
Belleville

•Stratford

WinHsor
Chatham
"Woodi^toek ...

Population.

209,427
52,985
60,329
38.2.33

18,081

16.730

11,561
11,572
10,012
9,178
10,025

12.234

9,128

8,902

Deaths.

3,735
812

1,263
627
378
230
147
ISO
151

171

164
190
133
143

Eate per 1,000.

17.8
15.3
20.9
16.4
20.9
13,7
12.7
15.5
15

18.6
16.3
15.5
14.6
16.0

United States.



14 THE REPORT OF THE No. 9

The death-rate during 1903 iii thirty-four European, Australian and
American Cities, with an aggregate population exceeding 27 million, was
18.3 per 1,000, or 1.9 per thousand more than the cities of this Province.

Death-rate of Towns.—The mortality in the thirty-one towns tabled,

(Table 3) indicates a rate slightly less than that recorded in the City group.
The total deaths were, 3,532, which gives a rate of 16.9 per thousand, being
1.0 per thousand in excess of those recorded in 1902. It will be noted that

the death-rale in North Bay 24.3, Port Arthur, 31.5, and Welland 24.0,

are exceptionally high; in the former instance, partially accounted for by
an increase of population above the average, and from the fact that many
railway cases are brought into these points from along the line of railway
under construction, or works in operation.

Deaths by Age jieriods. The study of the deaths occurring in the
several age groups is always interesting, and the following table enables a
ready comparison being made of the past seven years.

TiiliJf (if Di'iifhs 1,1/ .l(/,' Pi-rioih, /.s'.vr t(i Jl)".'. iiKimlre.

-
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Of the total number of deaths, 8,634 or 29.1 per cent, happened before

the fifth year of life, and 6,700 or 22.5 of the total occurred in the first

year of life. This infantile death roll is made up in the following group of

ways :

-^

(1. Communica'ble Diseases 297
b. General Diseases 166
c. Disease of the Nervous System 616
d. Disease of the Circulatory System 11
e. Disease of the Respiratory System 663
/. Disease of the Digestive System 996
g. Disease of the Geuito-Urinary System 23
h. Puerperal Diseases 1

i. DL^-eases of tlie Skin 13
j. Disea-ses of the Locomotor System 4
k. Malformations—Diseases of Infanc.v 3,857
I. Accidents ."

36
"1. Undefined causes 17

6,700

And of this total infantile mortality, there died in the Cities, 2,818,
land in the Towns, 426, or a total percentage for these urban municipalities
lof 48. 4 per cout. of all infantile deaths, wliich facts, considered for the
jrelative population of urlian as compared to rural districts, would indicate
that the infantile death-rate is higher in the former as compared to the
rlatter, by 5.2 per 1,000 of the population against 3.4 per thousand, while
jlhe deaths of infants under 1 year total 2,256, or cities and 321 for the
jtowns, or 2,577 as compared to 4,123 for the rural districts—numbers
which represent a mortality of 4.1 per thousand of the population of the
irban districts, as compared to 2.6 for the rural.

To enable a comparison, the deaths of children under five years of age,
he following figures from the reports of vital statistics may be studied.
Ijew York state, with an estimated population of 7,467,050 in 1902, had an
jnfant mortality of 31,215, or 25.3 per cent, of the total deaths of all ages.
Vhile for the preceding ten years the infantile deaths had averaged 37,970,
r 31.0 per cent. Connecticut, with an estimated population of 908,355
or 1902, had 4,003 deaths or 27.7 per cent., with an average of 28.34 per
mt. for the ten years of deaths at all ages. Massachusetts in 1903

—

sports for 33 cities and towns with over 5,000 inhabitants, an estimated
opulation of 2,533,786, or 85 per cent, of the total population of the state

—

lat 8,803 infants under one year, or 21.4 per cent., died, and 12,231 infants
nder 5 years of age, or 29.7 per cent, of the total mortality as compared with
1.2 per cent, for 1902.

The report of the Registrar-General for England and Wales, shows
lat the average infantile mortality for the period 1897-1901, was 157 per
000 births, and for the year 1902, it was 133. Comparing on this basis,
e rate in Ontario is most favorable, being 111 per thousand births. A
mpanson very much more favorable to this Province than might be
pected.

Deaths by sex, nativity aiid social condition .—The proportion of males
females dying during 1903, was 7.8 to 7—total excess of the former over
e latter being 1,564. In considering the nativity it is found that 70.8
r cent, were native born Canadians, and 27.4 per cent, foreign, in the
nainder of cases the place of birth not being recorded.
The number of single persons dying in the year, was 48.9 per cent, of

i total registered, while 46.9 per cent, were married, the remainder
ng, "not stated."
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Dentils hy months. \n considering the deaths by months, it will be
seen that the variations indicate that the months of June and September,
were the healthiest of the year, while the highest mortality throughout the

Province as well as in the cities and towns, (Table 11 & 12), took place in

the months of January and March, the former of which was on the whole
a cold month, with the exception of two or three mild spells; and March
was, contrary to the usual conditions, exceedingly mild, and, as might be
expected, the deaths among those at the extremes of life were numerous,
as well as diseases of the Respiratory System.

Analysis of the Causes of Death in Ontahio.

A summary of the causes of death for the Province by fourteen groups
of classes will be found in Table 10—an increase is found in all but the

following,
—"Puerperal Diseases," "Diseases of the skin, etc.," and "Ill-

defined Causes"—the decline in the latter class no doubt being due to the

greater accuracy with which medical men are striving to arrive at a correct '

diagnosis and more care on their part in filling up each return of death.

During the year there were registered 124 suicides, or 9 more than in the

preceding year, while there were 117 more deaths by violence than in 1902.

Referring to Table (3) it will be found that the deaths from groups of i

diseases as well as fronj separate diseases, by counties, (including Cities &
Towns) are therein set forth, while Tables 14 and 15 contain the deaths as

occun-ing ia the cities and towns, separately, thus affording a means forj

compariso'i between the urban and rural districts of the Privince.

Communicable Diseases.

Enteric Fever. The deaths from this disease, taking either the Pro-I

vince as a whole or the urban municipalities separately, show but iittlej

change over those recorded during the preceding year, and a regrettablel

feature of the case is, that the infection is general, not a city in the Pro-I

vince having been free from its baneful influence, Kingston in particularj

showing an increase of 17 deaths over 1902, while of the towns, Samia anc

Sault Ste. Marie stand prominently forward in the number of deaths froi

"Typhoid Fever," facts which clearly indicate the continued pollution of

the waters used in these towns for domestic purposes. That the mortality

from this disease is greater in the rural districts than in the more populous
centres, was demonstrated in 1902, when the more scarcely settled districtsi

las shown in the following table), those to which many thousands of tour-j

ists flock in the summer months, expecting to find fresh air and pure water]

County or District. Populatiuii.
Pe;itlis,

1902-1903.

Algoma
Muskoka
Nipissing;

Parry Sound. . .

Rainy River . . .

Thunder Bay .

.

Total

45,844
21,180
27,007
25.185
16,695
12,671

127,402

27
8

11

7

8

12

73

A rate of 0.49 per thonsand for the rural districts as compared to 0.14 fo

the City of Toronto in the former year.

SmaU'po.x. The death-rate for this disease increased in 1903, ther

having been 21 deaths as compared with 7 in 1902. The type being muc]
more malignant wherever it occurred.
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Mcaslea and Whooping Cough. These two diseases of infancy an3
cLildliood continue to reap their harvest. The latter proving as fatal in

as many caees (204) as in 1902. The reduction in the fatality of measles

is, however, most gratifying—the reduction in the deaths being 61.5 per

cent.

Scarlatina. The increase in deaths from scarlatina showed a marked
increase for 1903, being 64.2 per cent, over those of the preceding year;

the increase will be found to have occurred in the rural districts, as there

was a slight decrease, some six, as compared to the deaths in cities for 1902.

The most marked decrease was that of Ottawa, when the deaths fell from
39 in 1902, to 6 for this year—a fact which is largely attributed to the en-

forcement of the scarlet fever regulations, which call for the removal of

each and every case to the Isolation Hospital, and which regulation was
very systematically enforced by the Hi-allh Authorities of the City.

DipJithcria. Under this heading is included deaths from so-called

"Croup," there having been an increase of eleven over those registered in

1902. Of the 687 deaths, 34.6 per cent., or 248, happened in the cities,

being 15 in excess of 1902.

Influenza. While in 1902 the deaths from this cause dropped, being
about one-fourth of those happening in 1901, it will be seen that there

was an increase of 70 per cent, in 1903 over the preceding year, the major-
ity being in the rural districts, and caused no doubt by the changeable
weather which happened in the winter months.

Other General Diseases.

I'ljii iiiia and Septicaemia. Although the number of deaths from this

group of diseases is 33 in excess of those recorded in 1902, the death-rate

is much below that of former years.

Tuberculosis. A comparison of the deaths from consumption as regis-

tered in the Province since 1870, may not be without interest in studying
the mortalitv of this disease.

Talilf xliowinij the Xiimhrr of Ihiit/is from Tiilii'rrido!<ls in Ontario, 'ii fach !/''<"' iince

.Taiiiiary M, 1S70.

Year. Population, i Number. Year. i Population. I Number.

1870
1871
1872
1873
1874
No returns

1876
1877
1878
1879

iQ«n

tQQO
1 ooo
1 OQ 1

_

tOQK
_

1Q0C

1«<J7

Not found.
1,620,851
1,650,111

1,679,371

1,708,631

1,737,891

1,767,151
1,796,411

1,825,671

1,854,931

1,884,200
1,923,610

1,923,610
1,92,3,610

1,923,610

1,923,610
2,115,971

2,115,971

886
1,049

1,308

1,420

1,295

2,315
2,188
2,053
2.104
2,197

2,446
2,591
2,667

2, .506

2,499

2, .573

2,556

1888.
1889.

1S90.

1891.

1892.

1893.

1894.
1S95.

1896.
1897.

1898.

1899.

1900.

1901.
1902.

1903.

Total

.

2,148,971
2,148.971

2,161,971

2,122,716
2,146,020
2,167,460
2,189,116
2,211,101

2,263,492
2.257,378
2,279,929
2,302 705
2,325,712
2.184,144

2,205,965

2,551

2,417
2,503
2,379
2,592
2,552
2,379
2,472
2,922
3,154
3,291
3,405

3,484
3,284
2,694
2,723

76,669

2x T.O.
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It will be noticed, however, that the returns for the first six years are
very incomplete, the number of deaths registered for the year 1871 being
1,049, while the census returns for that year places the figure at 2,183,
while in 1881, returns actually registered in the department were 2,446,
being 51 in excess of the census figures for that year. But the figures for

the remaining years may be taken as fairly accurate and indicative of the
ravages of the disease year by year. The maximum of deaths was reached
in the year 1900, when 3,484 deaths were recorded, since which year there
has been a reduction. As indicative of the general distribution of the disease
throughout the Province, the following table of deaths by counties is of
interest.

Deaths fTom Tuberculosis by Counties, 1903.

Algoma 48
Brant 39
Bruce 46
Carleton 184
Dufferin 19
Elgin 20
Essex 70
Frontenac 75
Grey 59
Haldimand 22
Halton 18
Haliburton 3
Hastings 88
Huron .58

Kent 55
Lambton .58

Lanark 46
Leeds and Grenville 100
Lennox and Addington 31
Lincoln 43
Middlesex 120
Muskoka 82

Norfolk 84
Northumberland and Durham 71
Nipissing 28
Ontario -56

Oxford 47
Peel 23
Perth 51
Peterborough 44
Prescott and Russell 60
Prince Edward 23
Parry Sound 10
Rainy River 15
Renfrew 55
Simcoe 101
Stormont, Dundas and Glengarry... 109
Thunder Bay .'.. 25
Victoria 32
Waterloo 68
Welland , 34
Wellington 6^
Wentworth 93
York 4.58

Total, 1903 2,723

It will be noticed that 458, or 16.4 per cent., were registered in the

County of York, including the City of Toronto. The following counties

and districts show the least number of deaths from consumption, viz:—
Haliburton, 3; Parry Sound, 10; Rainy River, 15; Dufferin, 19; Elgin,

20; and Thunder Bay, 25.

The fact is, however, brought home to a student of the question that

it is imperative upon each county in Ontario to make some immediate pro-

vision for the consumptives resident within the same, other than by sub-

scribinsr a few hundred dollars for the care of one or two or more necessitous

poor patien's, nnd this can only be done by the providing of some local

institution for their care and education.

That a better idea may be formed of the necessity of such aid, the

following: tifble is submitted. It shows the deaths from tuberculosis by occu-

pations and age groups and sex. Of the total 2,745, 1,265 were males,

and U8n females. In considering the occupations, 508 were "farmers,"
631 hniisfwives, 169 laborers, 598 gave no occupation, and 299 were spin-

sters, \i1iilp the occupation of the remainder covered almost every walk in

life. TIk' larsrest number of deaths occurred in the following age groups:
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Table showing Deaths from Tuberculosis by occupations and ages in Ontario in 1903.

Totals.

Occupations.

Agents

.

Artists

.

Architects
Brewers and distillers
Bakers and confectioners
Barbers
Butchers .".

Bartenders
Booli keepers

Bookbinders

Male .

Female.
Male .

Female.
Male .

Blacksmiths
Brickuiakers
Bankers
Builders and contractors.

,

Boarding-house

Carpenters '. ..

Cabinetmakers
Coopers
Cooks

Chemists and druggists. ......
Clergymen
Carriage and waggonmakers.
Clerks

Cheesemakers
Cigarmakers

Commercial travellers
Dentists
Dres,smakors
Engineers
Electricians
Engravers
Editors and reporters. .

.

Foremen
Forewomen
Farmers

Female

.

Male .

,

Female.
Male .

.

Female.
Male .

Male .

Female.

Male .

Female.
Male .

Female...

Furriers

Factory hands ...........

3ardeners

5entlemen
Junters and fishermen ]

lousewives
larnessmakers and saddlers,
lotelkeepers

Aborers *.'.

lumbermen
Awyers
*undry

iverymen and cabmen
lasons
Machinists
erchants ]

'

"

echanics
miners
iners
ilkmen
anufacturers..

.

illers

Julders
Micians

iraes ..'.'.'.'.'.'..'.

ina

inters '.

il&TS
ysieians

Male .

Female.
Male
Female
Male .

Female.
Male .

Female

.

Male .

,

Female..

Male .

Female.

,

Male
Female.

Male
Female.

Male .

Female.

Male

s 1 s

1

1

31

'"2

1

ll....

ll.

'sol'

3

.1

24
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Table showing Deaths from Tube



1903 REGISTRAR GENERAL. 21

The deaths from epidemic cerebro spiual meningitis numbered 114,

being 13 more than the previous year. The deaths were reported generally

throughout the Province, the only counties in which deaths did not occur

were, Algoma, Dufferin, Haldimand, Haliburton, Parry Sound, Perth,

Peterborough, Prince Edward, Renfrew and "Waterloo, and the total deaths

were greatly in excess of those from smallpox and measles combined.

Diseases of the Circulatory Syste'm. Under the disease placed in this

group, there died during 1903, 2,590 persons, or 369 more than in 1902,

and the greater number (1993) are stated to have died of "Organic Heart

Disease," or an increase of 308 from this cause alone, being a marked in-

crease of 18 per cent, over the preceding twelve months.

Diseases of the Digestive System. The total deaths registered under

I his group were 2,725, or 9 per cent, of the total for all causes, and 1U91,

or 40 per cent., were due to what might be called a preventable cause, viz.,

"Cholera Infantum," one which could very materially be reduced if mothers

and others engaged in artificially nursing infants were better educated in

the correct methods to be adopted and the dangers to be avoided were more
particularly dwelt upon by medical men. The fact that over one thousand

infants die in Ontario annually, is surely_ sufficient reason for more general

interest being taken in the important subject of infant feeding. As so

ni\ich prominence has been given in recent j-ears to the subject of appendi-

citis, it may be stated that 249 deaths were the sub-group which includes

and is largely made up of these cases.

Diseases of the Genito Urinary Organs. Under this group are included
the diseases of the sexual organs of both sexes, and those of the kidney and
bladder. The total number of deaths was 1,053, of which 630, or nearly 60
per cent., were due to either acute or chronic nephritis (Bright's disease),

and 366 other affections of either the kidney or bladder. Of the deaths
caused by disease of the genitalia, IT were amongst males, and 40 amongst
females, and one quarter of the latter were attributed to ovarian disease.

Puerperal Diseases. Of the 231 deaths in this group, 42 were due to

puerperal septicemic affections, or 8.6 per ten thousand births, which is

very low in comparison with the mortality in England and Wales for the
panie year, where it was 4.07 per thousand births.

Remaining groups of Diseases. The chief points of interest in the

remaining groups are, the 1,265 still births—the 2,585 deaths from congeni-
tal debility and malformations, and the 3,343 deaths from "Senile decay."

Deaths by Violence. Under the heading of "Suicide." there were 125
deaths, 25 by poison, 26 by strangulation, 7 by inhalation of gas, 9 from
drowning, and 48 who died as the result of the use of firearms, or other

weapon. The total number of deaths from accidents of all kinds numbered
1,241, or slightly more than 4 per cent, of the deaths for all causes. There
were only two deaths from bicycle accidents, 8 killed by electric cars, and
108 died as the result of railway accidents, being 45 in excess of those reg-

ifiteied as having died from this cause in 1902.

Ill-defined or not specified causes. During the year 807 deaths were
legisteied which are practically useless for statistical purposes, and it is

lo be hoped that in future medical men will endeavor to be careful in

filling in the death returns.

Following the custom of former years, both tetanus and anthrax are
plncod here (incorrectly); In this group there were in all 18 deaths from
telanus and 2 from anthrax, one each in the counties of Grey and Lambton.

i
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Report of the Inspector of Vital Statistics for the Tear 1904.

Reference to the Inspector's report indicates the portions of the Pro-
vince visited during the year 1904. He indicates the great difficulty that
exists in some sections of the country in the collection of vital statistics, and
points out the need of more drastic measures being introduced by placing
at the disposal of the department a member of the provincial detective
service, whose special duty it would be to secure information and prosecute
where breaches of the Act occur, by reason of failure on the part of those
responsible to make returns to the division registrars.

The Inspector emphasizes the fact that physicians generally are the
chief offenders in failing to make their returns.

Report of Chief Clerk

The report of this officer gives an idea of the work accomplished by the

clerks of the department during the year 1904, and the following table

indicates the growth of the officer's work, which relates more particularly

to searches and certificates since the inauguration of the department.

The following table affords an indication of the extent to which the

records of the office of the registrar-general have been utilized by the public

for legal evidences of births, marriages and deaths, since the office has been
established.

Years. '
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the medical attendant of a birth does not exempt the parent from taking

care to have the child's name registered within thirty days from the date

of birth.

l{especting marriages, it would be much better if the declaration at

present left with the issuer of the marriage license should be properly

backed and sent direct to this department in lieu of the present notification

card, where it should be filed as the legal connecting link between the license

and the notice sent bj' the officiating clergjmen. The method as at present

in force leaves the declarations in the hands of the issuer, where too often

they are lost, and in the past when required have not been forthcoming.

For a better understanding of the character of the climate of the Pro-
vince of Ontario, I have this year the pleasure of submitting as an appendix,
an epitome of the monthly weather review for the year 1903, which cannot
but be of interest in studying the vital statistics of the Province.

In conclusion I would briefly refer to the faithful work performed by
the officers of the department, and testify to the general good quality of

the same.

I have the honor to be,

Sir,

Tour faithful Servant,

CHAS. A. HODGETTS, M.D.,

Deputy Registrar-General.

REPORT OF CHIEF CLERK.

ToKONTO, February 6th, 1905.

To Chas. a. Hodgetts, M.D.,

Deputy-Registrar-General of the Province of Ontario.

Sir,—I have the honor to submit for your consideration the following
statement showing the work done by the staff in the Registrar-General's
Branch, during the year ending 31st Dec, 1903.

Receiving and entering the returns of Births, Marriages and Deaths,
•from about 800 Division-Registrars, and issuing 1,600 certificates for the
same semi-annually, and mailing 1,600 notices.

Indexing.

Births, (1903), 27,164; not indexed, 21,478; Total 48,642
-Jlarriages, (1903), indexed 38,660
Deaths, (1903), indexed 29,664

Total 116,966

Comparing.

girths, (1903), none compared.
Marriages, (1903), only part compared, viz 15,400
Deaths, (1903, all compared '. 29,664
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lu all 21,580 marriages have been indexed from old County Register

Books of dates prior to 1869, whicli have lately been received from County
Registrars.

Total marriage license cards received from license issuers, was 19,330

These cards have to be sorted by counties and compared with the index
Books of Marriages—fully 1,000 of these are yearly found unregistered by
the clergymen who performed the marriages, who are notified by letter;

and this year 756 of these marriages were secured and registered by this

system.

This work requires some 1,600 letters to be sent and replies received.

315,000 blank forms were sent out this year to 2,100 Division-Regis-

trars and issuers of marriage licenses.

Compiling Annual Report and preparing special tables for same,
wrapping, addressing and mailing 6,400 copies to senators, members of

parliament, physicians, clergymen, judges, school officials and foreign

exchanges, which takes 3 clerks several months to complete.

During this year, 263,985 births, marriages and deaths have been
compared, which were indexed prior to 1892, when yearly comparing
was adopted, and added to 'the work of the Registrar-General's staff.

Searches have been made and certificates issued during this year, for

applicants, as follows:—
1272 searches for births, marriages and deaths @ 25c $318 GO
307 certificates for births, @ 50c 153 50
125 certificates for marriages, @ 50c 62 50

281 certificates for deaths, @. 50c 140 50

Total 1674 50

40 books, averaging 600 pages, being records received from Division-

Registrars of births, marriages and deaths, have been examined and
arranged by counties for binding.

3,610 letters have been sent out and copies filed.

2,615 circulars were sent to Division-Registrars and issuers of marriage

licenses.

All of which is respectfullj' submitted.

GEORGE WHELER,
Chief Clerk.

REPORT OF INSPECTOR OF VITAL STATISTICS.—R. B. HAMILTON.

ToEONTO, February 15th, 1905.

Hon. W. J. Hanna,

Toronto.

Sir,—I have the honor to report that during the year 1904, I visited?

for purposes of inspection, Division-Registrars in Algoma, Carleton, Essex,

Frontenac, Hastings, Kent, Leeds and Grenville, Manitoulin, Middlesex,

Nipissing, Oxford, Peterborough, Prescott and Russell, Stormont, Dundas-
and Glengarry, Wellaud, Wentworth and York, thus, as you will observe,

taking in nearly every section of the Province. At many of the places visit-

ed I also interviewed the mayors and reeves of the municipalities, and m
/>ome case consulted with clergymen, physicians, undertakers and other
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interested parties, as to tlie best means to be adopted to enforce the Act
relating to the registration of births, marriages and deaths. In a number
of municipalities visited, notably Toronto, Ottawa, Hamilton, Cornwall,
Erockville, Windsor, Chatham, Peterborough, Hiutonburg, etc., it is

clearly evident that practically all the births, marriages and deaths are

registered, but in each one of these places the Division-Registrar is forced

to make more than ordinary exertions in order to obtain such good results.

Some of these officials are so favorablj' situated that such endeavors on their

part can be continued without much difficulty; but the vast majority of

the Divisiou-Kegistrars throughout the Province, cannot use the necessary
t-ftorts required without seriously interfering with their other duties, and
to ask them to do this, is of course absolutely out of the question. Under
these circumstances, therefore, it behooves the llegistrar-General's Depart-
ment to consider carefully whether there is not some means by which the

hands of our officials can' be strengthened.

After looking into the matter in all its bearings, for years, and visit-

ing during that time, nearly every city, town village and hamlet in the
Province, I can arrive at no other conclusion than that active assistance

must be given throughout the Province, in order to enable Division-Reg-
istrars to successfully enforce the provisions of the Registration Act.

This can be done only by drastic measures, as moral suasion and continual
urging has so far failed to bring about the desired results, and we find the
Act disregarded and more or less openly violated by all classes of the
people. I would therefore strongly urge that in every municipality where
it is known or even suspected, that registrations are not being fully made,
a member of the Provincial Detective Force be sent in order to secure the
necessary information to be used in the prosecution of those who commit
a breach of the Act. If this proceeding is then followed up bj' prosecu-
tions of the delinquents in various sections of the Province at uncertain
intervals, I feel assured that the publicity thus given to the enforcement
of the Act, would, in a very short time, show beneficial results, and records
would be brought to the Division-Registrar instead of he being forced ta

spend a lot of time and incur unnecessary expense in order to get our
citizens to carry out an important and self-evident duty. The expense
attendant upon proceedings of this kind would not be at all serious, and
the results obtained should undoubtedly show good value for the outlay.

In addition to this, the Registration Act itself requires to be revised

in certain particulars so that some points, now somewhat obscure, may be
made as clear and distinct as possible and magistrates be thus enabled to

give their decisions based unquestionably upon the provisions of the Act.

The Division-Registrars as a Rule are painstaking and zealous

officials; but the enforcement of the Registration Act is a most difficult

task, as the carelessness so frequently shown by clergymen, phj'sicians,

undertakers and others directly interested in failing to make prompt
returns renders it very hard for the official to be at all sure of his ground.
He has frequently to depend for much' of his information upon notices

sent to him in a hap-hazard manner, and can never be at all certain that
all the births, marriages, and deaths occurring in his municipality have
been recorded. Under such circumstances it is self-evident that unless our
citizens are made to feel that they will be forced to respect the law, many
will continue to evade their responsibility. Were they subject at all times
to be prosecuted for infringements of the Act, they would be miich more
alert in making their returns and the Division-Reg-istrar would be saved the

thankless task of hunting up information that should be forwarded to him
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without any delay whatever. Furthermore, he would also feel that his
^\"ork was of some importance and that in his endeavors to carry it out he
.could depend at all times upon obtaining the necessary assistance from the
Department.

I am very glad to be able to report that as a rule clergymen send in
-.the list of marriages performed by them pretty regularly, although a few
notable exceptions have been brought to my attention, and many are
somewhat dilatory in making their returns.

Undertakers in most of the cities and towns are generally careful to

obtain the required permit before a burial takes place: but in many of the
villages equal care is not exercised and numbers of interments are made
without the necessary permission being granted.

Physicians, I regret to say, are still among the greatest offenders,

and except in some cities few of them seem to consider it incumbent upon
them to report the births at which th'ey have attended. They are consid-

erably better in their returns of deaths, but the trouble is that few doctors

seem to look upon the Registration Act as more than a troublesome but
harmless adjunct to their practice. If they would fall into line and cheer-

fully render all possible assistance to the Division-Registrars, the result

all around would be much more satisfactory. Not much labor is asked of

them, as every possible step has been taken by the department to render
their duties easy of accomplishment.

In regard to marriages, I would respectfully suggest the advisability
of constituting Division-Registrars except in cities, issuers of marriage
licenses, as this would place them in closer touch with the marriages that
take place in their several municipalities.

In conclu3ing this report I desire to again call attention to the ab-
solute necessity of some strong measures being adopted to enforce the
proper registration of births, marriages and deaths,^ if the Province is to

receive all the benefits tlie Act should undoubtedly confer upon it.

Considerable improvement is manifest in many particulars during
several years past, but the march of progress is too slow and endeavors
iShould be made to quicken the pace.

I have the honor to be,

Sir,

Your obedient servant,
'

R. B. HAMILTON,
Inspector.

MONTHLY REVIEW OF THE WEATHER FOR 1903.

By Chas. a. Hodgetts, M.D.

The following meteorological observations for the year 1903 are based
-upon the Monthly Weather Review published by the Department of Mar-
ine and Fisheries of the Dominion. They are submitted with a view of
assisting those interested in the relationship existing between meteorological
/conditions and mortality rates.

The Province of Ontario has an area of 260,862 square miles and lies

between latitude 43° pnd 52° and longitude, 74° and 95° West its western
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border about on the great lakes and its northerly portion is dotted over

by a series of lakes and rivers.

January.—The weather during this month was mild in the early part,

rain falling on the second. This was, however, succeeded by cold weather
which continued with the exception of but two compartive mild spells,

until the end of the month. Snow fell to a sufficient depth to give sleigh-

ing. Thunder was recorded on the 29th of the mouth. The atmospheric
pressure during the month was subnormal. The precipitation was of the

average. Snow was nil at Kingston and along the shores of lakes Erie

and Ontario and moderate in the inland counties.

Winds.—Lake Eegion, South to West—strong to gales, Ottawa and
St. Lawrence Eegion West, fresh and strong.

Temperature.—Maximum. Niagara District, 52° F. Minimum
White River, 47.2° F. below zero.

Ice.—10 to 18 inches.

Sunshine.—Ottawa showed the largest negative departures.

February.—The weather during the month was mild in the begin-
ning with rain and snow followed by fine cold days succeeded by three or

four days of zero weather which gave way to milder weather with snow
and raiu generally throughout the Province for two days. Thunder was
recorded on the 2nd and 3rd of the month. The atmosphere pressure

continued generally subnormal. The precipitation was above the average
in the district east of the Georgian Bay, the snowfall being nil in the
southern portion with 13 to 30 inches recorded in Muskoka, Nipissing and
the Ottawa Valley.

Winds.-—Lake and St. Lawrence Region. South and west with
severe gales in tEe former and light in the latter district.

Temperature.—Maximum, Pt. Clark, 52° F. Minimum, White
River, 52° F. below zero.

Ice.—Five inches in Paris, 4 to 27 inches in Port Arthur.
Sunshine. Generally throughout the Province it was above the aver-

age, the mean proportion was 28 per cent, at Gravenhurst.

March.-—The weather began with the first day cold but continued ex-

ceedingly mild for the remainder of the month, phenomenally so, rain being
frequent between the 4th an(^ 10th and 16th and 27th of the month. Lakes
and rivers were open and there were many signs of spring. The atmos-
pheric pressure was above normal, no snow fell during the month and the
rainfall was below the average, the ground being bare early in the month,
ihe winds being moderate with sunshine below the average.

Temperature.—The average was exceeded by nine to twelve degrees.

The maximum being registered at Cottam 77° F. and the minimum at

White River 36° F. below zero.

April.—The weather during the month was extremely dull, the sky
overcast, with frequent rain in the northern districts. Frosts were still

recorded at nights, the day temperature ranging from 50'^-60° F. On
"the last day of the month the temperature dropped from above 70° F. to

near the freezing point in a few hours. Thunder was reported in some
•districts; snow fell pretty generally on the 4th, but the precipitation in

the Province generally was above the average in the southern portion,

there being a marked deficiency in the eastern and western sections.

Snow fell on the northern shore of Lake Superior.

Winds.—In the Lake district were north and west, while in the Ottawa
and St. Lawrence Valleys they were north and east.



28 THE REPORT OF THE No. 9

Temperature.—Maximum, Stony Creek 82^ F. Minimum, White
Eiver, 10° F. below zero.

Sunshine.—On the whole was deficient there being recorded 53 per
cent, of the possible at Gravenhurst.

May.—The weather during the month was extremely fair and dry,

there being very few days upon which the sky was completely clouded and
on many daj's not a cloud was visible. The rainfall was on the whole
below the average—the excess being in New Ontario, but the deficiency

was unprecedented in the eastern section and marked rise in temperature
took place on the 9th, and tlie weather continued warm until the 28th,

when it turned cool—frost being reported in some portions of the Province
during the first week.

AVinds.—The mileage was below the average, in the lake districts it

was easterly and the Ottawa and St. Lawrence Valley, south-west and
north-east.

Temperature.—Maximum, Sarnia, 91*^ F. Minimum, White River,

11.2" F. below zero.

Jwie.—The month was marked by the absence of bright sunshine,

there being much rain after the first week with low temperature after the

first ten daj"s. The atmospheric pressure was below the normal, while

the precipitation of rain was excessive in Eastern Ontario, 5 to 7 inches.

Winds.—Were variable light and moderate in the lake district, and
easterly in the other portions of the Province.

Temperature.—Maximum, North Gower and Stony Creek, QC F^
Minimum, White Eiver, 27° F.

Sunshine.—Deficient.

July.—The weather of the month was typical of the season but it

varied considerably in contiguous districts, being somewhat cool and wet
in the southern portion and somewhat dry in the more northerly, with
the exception of Muskoka, where it was very wet. The precipitation for

the month was above the average. The largest possible departures were in

the peninsula districts, being attributable no doubt to the heavy thunder
storms which prevailed, the rainfall being 5.9 in. at Port Dover, 4.1 at

Port Stanley above.

Winds.—On the lake district in the Otta*-a and St. Lawrence Valley,

south and west.

Temperature.—The maximum was at Haileybury in the Temiskam-
ing district, 94. 6*^ F. and 30° at Savanne.

Sunshine was in excess of normal.
Sunshine.—On the whole deficient, the maximum for the Dominion

was registered at Toronto when it was 61 per cent, of the possible.

August.—The weather during this month was exceedingly dull and
wet, being quite cool in the southerly portion. The precipitation was
heavy, being above the average. Rain fell daily in many places and grain
rotted in the fields. In some sections the atmospheric pressure was above
the average. The winds generally were from the south and west.

Temperature.—Maximum. Stony Creek, 88° F. Minimum, Savanne,
20°.

Sunshine.—Below the average, marked negative departures being
noticeable.

SejAemher.—During the month there was much fine weather, Ijeing

more marked in the southerly than in the northerly and westerly, portions,

the rainfall being light in the former district, and heavy in \h.e latter.
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On the whole the precipitation was below the average, there being a
marked deficiency in the southern portion; atmospheric pressure was sub-
normal.

The winds were generally southwest.
Temperature.—Maximum, Cottam, 93'^ F., while the minimum was

19" at White River.

Sunshine.'—Bright sunshine was subnormal.
October.—The weather this month was exceedingly fine and mild,

being, however, somewhat wet in the eastern and southern counties and
unusually dry in the west, south-west and north. On the 25th and 26th of

the month snow fell at many places, but the precipitation was below the
normal average, while the atmospheric pressure was subnormal. Generally
speaking the winds were south-west.

Temperature.—Was above the average, being 3° to4° higher in the
peninsula. The maximum temperature was registered at Stony Creek,
80° F., while the lowest was at Kenmont, 6° F.

Sunshine.—Above the average with local exceptions.
November.—The weather this month was exceptionally mild up to

the 18th, when quite wintry conditions set in, the weather continuing
cold to the end of the month. The rainfall was. scant and snowfall not

larger, but showers were frequent during tlie third week. 48 inches of

enow fell at Collingwood.
The winds in the lake district were from the west, while those of the

Ottawa and St. Lawrence Valleys were south and west.

Temperature.—Maximum at Cottam, 73" and minimum, 26.5*' P.
below zero at White River.

Sunshine.—The average was exceeded, it was at Toronto 18 per cent.

Kingston 15 per cent., and Lindsay 14 per cent.

December.—The weather this month was exceedingly cold, a below
zero temperature occurring, frequently from 20 to 30 degrees below zero

being registered on the 12th, 13th, 25th and 26th of the month. Precipi-

tation was in excess, the snowfall being very heavy in the northern section

in Muskoka and Nipissing, from 30 to 60 inches falling, while in the Ottawa
Valley it amounted to 20-30 inches. There were rainfalls recorded in

the southerly districts on the I2th of the month. The prevailing winds
were westerly.

Temperature.—Maximum, Cockburn Island, 51° F., and minimum.
White River, 47° F. below zero.

Sunshine.—Was deficient, Woodstock recording the lowest , 12 per

cent.
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TABLE 4.

Illegitimate Births, Twins and Triplets in the Province.

Illegitimate Births.
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TABLE NO. 7.

Marriages by Months in the Province.

Months.
I

1902
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TABLE No. 9.

Showing the Death Rate per 1,000 of Population in each County of the Province

for ten years.

Counties.



190S REGISTRAR GENERAL. 37



38 THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. 39



40 THE REPORT OF THE No. 9-

TABLE

Deaths by Individuali

*

General Diseases.
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NO. 13.

Diseases by Counties in 1903.
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TABLE

Deaths by Individual

Gnu-ral Diseases.
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NO. 13.

—

Continued.

Diseases
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TABLE NO. 14.

Total Deaths by Individual Diseases in Cities in 1903.

General Diseases.
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TABLE NO. 14.— Cootiniied.

General Diseases.
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TABLE No. T5.

Total Deaths by Individual Diseases by Towns in 1903.

General Diseases.

I. COMMVNICABLE (KPIDE.MIC) DISEASES.

1

.

Typhoid Fever
2. Smallpox
3. Measles
4. Scarlet Fever
5. Whooping Cough
6. Diphtheria and Croup ...

7. Influenza
8. Other Epidemic Diseases.

II. Other General Diseases.

Pyaemia and Sapticaemia
Malarial Fever
Tuberculosis and Scrofula
Syphilis
Cancer
Rheumatism and Gout
Diabete-s
Other General Diseases
Alcoholism, Acute and Chronic

LOCAL DISEASES.

III. Diseases of Nervous System axd Organs of Se.nse,

Encephalitis
Simple Meningitis
Epidemic Cerebro-spinal Meningitis
Congestion and Hemorrhage of the Brain
Softening of the Bruin
Paralysis without speeitied cause
Insanity
Epilepsy
Convulsions (not puerperal)
Other Nervous Diseases

IV. Diseases of Circulatory .System.

1 . Pericarditis

2. Endocarditis
3. Organic Heart Diseases

4. Angina Pectoris

5. Arteries. Atheroma, Aneurism, etc

6 Otter Diseases of the Circulatory System .

V. Diseases of the Respiratory Sy'stem.

10

1

.

Acute Bronchitis
2. Chronic Bronchitis
3. Broncho-pneumonia
4 . Pneumonia
5. Pleurisy
6. Congestion of the Lungs (inc. pulmonary apoplexy).
7. Asthma and Emphysema ;

8. Other Diseases of the Respiratory System ....'

VI. Diseases of the Digestive System.

1. Ulcer of the Stomach
2. Other Diseases of Stomach (i-ancer excepted)

3. Infaii. Dianhoea & Gastro-enteritis (Cholera Infantum)
4. Diarrhoea and Enteritis (not infantile)

5. Dysentery
6. Hernia and Intestinal obstructious

7. Other Diseases of the Intestines

8. Diseases of the Liver
9. Peritonitis (not Puerperal)

10. Iliac Abscess (typhylitis, peri-typhy litis* appendicitis)

24 10

1|....

13

4

'ii

1 .

1

10
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TABLE No. \5.— Continued.

Total Deaths by Individual Diseases by Towns in 1903.— Cnntimicxl

.

General Diseases.





APPENDIX.

BIRTHS, MARRIAGES AND DEATHS.

[1]
1 R.G.



11. THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. 111.

CO i-H



IV THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL.

a:
a;

01 Oi 3to—- a

-2

^ f*; &H

cS

-_jj Q -ji;

.3 a)

c
g

-tS 3

o
;2;

•SSfe

o
H

.2i5 S

O

H S s g

5

o
H

S3S



VI. THE REPORT OF THE No. 9

u-toq iins

•aiBuiiiiSaiii

C^ t^ 1 03 <M IC

•sjaidux

•SUl.VVJ JO
SJred JO 'O^

r-.,-! I t;

F»0X in '3'

1^ rH
Ot lO
TfCO

lO Oi *
»C CO C^
O5O0 00

OJOO
coco

03 Oj

•jaqmaoag;

•aaqma.vo^

.laqopo

•jsqinajdag
Oq 1 CO CO I C-l

•^snSny

•Alllf

aunp

•XbM
IS

• [udy

• qDJBX^

.iJBnaqaj

' ^iBnuBf

o • •

H p
o c • Ji
H =3 £ g

c

^.2 ^wJ§
o
H

«

o



1903 REGISTRAR GENERAL. Vll.

t33 »



via THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. IX

r^ CO
1
-r

1



THE REPORT OF THE No. 9

s
o

COPJ*— — CCCCM^^ -r'^-r^-C^TM-rr^o

o.o
I

O

-< c^eo ?o «0

fric^-r-T"-0'-'c*i-^oD"-onrJt^o»oox

C^ C4 -^ T C4 C4 0> 50 Tf ri CO CC M CO C^ ^ rH i-l ifj 04 .- CQ d T^ ^- 5Q ^ CS C4 W T CO •-I CO ^^ 90^ ^ 'T

-£-=^ = C ^ O)

^S S - ~ ^ 1
fe;5sSKS = 55.3-24-i5sZi^5o:2i:



1903 REGISTRAR GENERAL. XI.



xu THE REPORT OF THE No. 9

•uaAia jou saSy

J3A0 puB sjX 0^, I

sjX 69 oi c'fl tnojJ I

a

•sjwaA

W 0} no laojj

•SJBaA

sg OI ge moij
sjoaX

I

fc oj n<; raojj

^ CI
I
M

I I

wo 1 SC '

! I

I : I
:- I"

eod I ift n

I I

CJ T-<
I
«

: I : I

:| : I

I"" I
!"

I

I
;

C* —! 1 COI" I
1-^

i

I I

•SJ83A

6t O) qv mojj I

'SJ«3A

ft 01 Of moj^

68 OJ eg raoJJ

'tutiaX

[? 01 08 moJa

•SSB8X

65 oi cr. raojji

•sjwaX

Vr. 01 or. nioji

•o3b jo
siB8.{ OB .lapu.'l

s I

C^^
I
05

1 :

I :

•—C^
I
SO

USCO
I
OI

l=» I

oa-. ji

si^oi

'suuBg

•asuaon

USAlS UOTJ
-'JUiTnonaa OM

•SUOllBUI
-raoiioa jamo

•sajTuouuej^

1- r-
mco

•sjoi^wnt)
I

COM

2-1

I

OJir

I : ! I : I
: 1 : I

•u'oossy
fBOIloSUBAH I

•suTjaiiinT

S1SI[B

-uoiiBSaiSaoo

s>is!}d»a

oitoillBO uBraoH

sisipoqiajv

•snBuaiiqsBJJ

snBi[Bdoos!da

ss CoiS

I : : 1 : I

si H a
^

sS

if; S
•5S •Sa



REGISTRAR GENERAL. Xlll

ta



XIV. THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. XV.

r-?-*



XVI THE REPORT OF THE No. 9

Q
12!

<5

w
o
H
-»;

z

o
iz;

w
«

K
OD

O
;^
S
«



1903 REGISTRAR GENERAL. xvii



XVlll THE REPORT OF THE No. 9

;;



1903 REGISTRAR GENERAL. XIX



XX THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL.

50 31 * aO rH Ui • -^ r ^ -r »-o

«OCI« "M 12

I"

• r- -rt 00 •«rHl>r-tN W ] -O

^«^55

•7lr^r-i?<C* 1 if=

0&r^ •.-.
I
O

c^ —> r^
I

iit> r4 mot~^ i-H w c>j • 7^0»r4« 5B
I
O

« .-^ I « MflO -coco



xxu THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. XXIU



XXIV THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. XXV

.— «^»



XXVI THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL.

-O . .r-t

12 I

12 I

c» .—too .-
IS5 I

2 I IS I

CO rt .ra ?! CO r^ . r-4

r r>i -v » ^ M ^ 12 I

eo CJ lO O! -' >H -

=5 I I" I

l< Ot^ ?^ CO T4 12 I

IS I

I :|

: I'' I

IS I

2 1

iH H-<f?4 .-« IS
|<N

I

!"
I

OCO
I
CO

I" I

\^
I

1" i

:.n
3 I

|X>

HlfSCOOOt- OlO COi—I • '^ >ra ?4 O) -«o -^

-mcOr-ti-tTOMC^OJ-V lOi

•d CJ Tp oa (N OS I r-

H O M O QO --H r-* rH-rr dl-HMr
IS

CO

< 'C—

!

a

^. >.

< u

:g"5

i s £'3

1" iC '.S

CO a—

<

Mg a

i a»-
-a a °

c c S

'g " it!r, a

s

cy-2

>- ° =
tJ CJ^

g-Jl

o o gtq

0) ;£ t^ c
^ 5 s s

"3 ?e » =

>

> CU r-

soJ^i;

a;

.03

a t.

' * cy 5

: c cc

. o -

3 *-

a

<<

H

aj jsag^ss

» oQ^iSfa?-;
^ i 5

lC-)MTj<iititSI>Q0050

;
= o -

i-i-^WTint2t>aD310

;.d ^5

5 C P 5

ri c-J M -tr



xx%'ni THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL.

o

O

a
3

3

O

<

o
^1

P

o

s
H
Z
P
O
o
>^

GO

W
<l

P

O
OD

05
P
Q

•S[i?jox

•08(1

•AOK

Idas

•any

Ainf
•aunf

ivjli

ludy

: I- I

I :|

I'- 1

: I" I

jiri : : : I'

HOJBK 5

•n«f

•U3Aia}0M

1"
I

-rH • •-I
1
CM

r-. .
I
<N

: I" I

•-H \>a
\

jaAO puwoH__£>_
•6i-0i a_

•66-oe

6g-V8 a
•fS-0£

•66-t'Z

•w-oz_S
•6t-gl S
(i-ot

•p3;T!}sioN

paujuK

•aiSuis

• pajBjs }ox

"
: I

-
1

I : I

:^

I : : : : 1 :

I : I

1-"
1

I : I

1^
I

•« • • I «
I

^.-M • 1 W I -00

napjoj

•BpBUBD

• pajms jo.M

•aiBtas^

•ainH

c

O

^ . • l^ CO

• .-« :c eo ic — c-l » •-

I

••

« .
I

'W'

• lO 0« 1ft " CN • « 1 1-

•COCONlT-'

-CO 'CO T-IT

.iC --I -CO 4 r^T-\ " C^
I
ai

f-,./

iB •

cB :

3
;

<: :

: :*«
• . 5f.a
• u 5 5

S be-?

^ _j: c ^

C

is q • 3

1-3 S • CJ



THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL.

T. I ^. « • CJ M

CM

9i

ot
62
J.Z

VZ
OS
ez
9Z

9C
ez
01

n
9
C
u
t

»
e

*9

Gl

801

IZL

9i.

S9L

IZl

IZl

r >

W

9S
'o'S

c q
si 5

s ,-<
o

a
o
o
o
J

w ^ :3

11^

o
14

O

«
o

<

I

3§5§
rjOOa

-.Sa

•5 9 »

C Uj o K

.S P5 » ?-

Z
W
a
o
o
-<

5.2o>.3s<

a

g
S
H
a

^ c^ CO •*< lo"o (—' X ai

5 c t-

r-i ci >i



XXXll THE REPORT OF THE No. 19

•fiox

oaq
•AOX

120
•}das

Snv
•Ainf

•anuf

t!JdV_

HOJUK
•qaj

IHlf

nsAtSWK 5
J3A0 5" 08

6L-0L
•69-09 S
•w-og
•6»-o»

6S-SS

6'.-97, 3
•^s-os_S
•6i-ei ^

B-Q S

CO "

O t-t

•pa»Klsioi{ o.

•pSUJBK 00

•atSajs

•pa}«is }0N

uSrajox ,c

•spBUBO »

•p3}«)S»0IS[ m

•aiBinaj e^

•3IBK

m
o
z

s
o

&4

5C-^ 3ilO

C^ -«U^

J=0

. d t- c.£ g
-

3
i2

fr<COi«

^^^ 3 c a

c

oSpH o

^D^ t^ COO f

C^C^r-rn

IS

rtOi -ra

» ^ Cl "V r-. CO

CO »?. Ol 00 • M

CO -c* cic^ o

^

Q

m

O go

w
CD

w

.S'3

._ u

c o c i>

.„ f § i:
§•

3£M"-S

i-l I lO

3o

Aoo

oS

i-(C9eO-^i<3tDl>CO

iSO<1

l-« rHCJM-ViCtOt^OOO.

= 2.2.2 JPai .^5^.2 S

ft^ r o = >:: ^^ p ^
c/j a) c.-^ t*f ^ ":: - i' > j>

l-l r- OJ « Tji iC ;o r-' X c^' o

^



1903 REGISTRAR GENERAL.

O I lO
I

i-it-i -» r-" r^

CI 1^3 -V MO

o
H,
<i

«.=:;3=-ci£ ^

^ W O

w = £ § 5 = c5^

:~c

S«=i



XXXIV THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. xxxr



XXXVI THE REPORT OF THE No. 9

C^'^iOi — I^T^Or- : y. — r— -T :* xj a zo it? X --0 m r^ t-t -^

. r^ r* "-I -i-i I

-co .^^
I

S I

-I « —< I> rH r-

• i-iC^ .rt

1" .-.i-tC^ . .-^

-SJ . I ^
1
= = 1

:" r
:|

: 1

= "
I

:" I'

: I

rt <N

do CO CQ CO "a*
I

»0 CO ^r 1-1 r-l ^ i-H N «/l •-<•-<•-» OO i-H COi-HCOCM'-i •-I
\?i

• ID t- T '-' »-

r-i "«> <N CM r-

:2a>C4 -" "^
I

CJ r-( I^ O »!• I-t T lOOCOr-l-VOItOt^CO OO-^t-lrH t-

- CO EO X C4 C^ CO rH
I

^T-C4i-iC^i-il0^i-'

-• eoeco CO M.-HMCOM l— c» -tr (N —• r-

. -a,

so

i X C C

? -r IT: ^

X -"C

? = ;HSi;

-

< ^~ X=: ^.- -~

2 0--
2 P c

•s •-

H-l
:|-2 f-

^^ r ^ c: :

i/: -^ I- 3



1903 REGISTRAR GENERAL. XXXVll

«*' •



THE REPORT OF THE No. 9

K[B10X

oaa
"AOX

ViO

Jflas

isnSnv g
•Arm
•annf g
•Xbk
"lurty a

•If-UBK M
qaj
lIBf

. K5 ^r^ t-<iO r

1-=

12

i-t -O -IH

.-ir"i"0^-r«^MOira t^

-?» - --^

fi^-«^ "
•{f-Of- ?!

^6S-t^:

•6Z-CZ 5
•re-0?; S

•6-9 S
I-"

PSJ'BJS HON

papiBK

•aiSuis

;i
• 5^ -aOr-iXt- :-•

!!

Vi -lOt-itO -i-ti-l

•psjBJS }0N

•nSiaioj "

'lipBUBO

paiiiqs loa

•aiBtnaj

Byen

I ' I

(N -3'i-(rri-lCCi-I -.l^Mtn -fiOOlCOOC^
I
l^

• c^ ?: M 1 «

« s

si

C* • i-^ rH C4 i-i r- -1 CO CJ t^ r- »C M ^ I- ?l

2 s

='2

U<3

r in<:i r- 00

111

H
H

O

£5^

• 3 ?

= 3

•—1 ^- c^ :*; •^ ic — i^ X 31

5j"H.^ ^

5

"i Si; E ^

w '7 ;2"C' X - ^ ^C 5
^ r-i M -r ir: -j r-^ oc ji o



19G3 REGISTRAR GENERAL. XXXIX

*0(»«)Tjir»!NO rji i-oorHcowr-e^o* (N ( X M •* :c .-

eO • -rH

iH ri -r* -T-t .(N

t-HW -C^J—.

. Oi iTJ CO t-i r-< fH CO lO r-ei ;o r n X •-'CO'm.-l

-^i-it*lOCO •-^0< ICO C4 (2 D3 • C-1 f

: I

CO <N .-H r-* rt

^ lO l^ OO W I-* C* ^T
I
«" 1 rH <0 CJ Ol

I
CO -(.OCO-T •-•

rr CO --O OS CO ^iD?* ?» I M

i/5m CO 'I^ • rH lO rl -V CO i-i

-2 -12
;Q « C O <5-a

O ; ;

O He

)93



xl THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. xli

mox 5



xlii THE REPORT OF THE No. 9

:S



1903 REGISTRAR GENERAL. xliii.

: ;



xliv THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. ilv

CO w-r o -4 CJ -f"
I

M a» (O •-<

CO iH CO T -N

I

CO • M I'- ?l

-. .-( .-H uO .-1

<N M CO O -

at

''^ " s

" 5 3: i;
"^ K

2 a.2 ce Si'S

oc rfct:5
o-,[Bo<;-<o 05

2-?, 3

pq o o

c/l

-la's
1/3 r- [h

d o '^

1) Cir_

a: 2

Eh
; o =i

;

;25w

c-r; i) g t_

*i1 o K ;i. 2^ -^ <i o
•-' c-I M T-' iri -o i-^ X

PoSaa
i-t' C-i CO -T lO -^

03 C; t- ^ A

t- ;/"-' o o ^

.SS.2 S-S

CO

fH

as

<l

g
3
P
6

2 s
a ?

HO ^

5a

3
O

iC O O
^ =3

E o ^ = -^ -^

j^ w -- ;j *^ *^

Qsa

5 f^-c

Soo

J .s

• • ^

: F'o
S 3

- — w
• O -

:o 'r-

:§§«

ass's
5 - o ^

till

(2



xlvi THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. dvi



XlVlll THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. xlix

o
(9

I
t

P
z
e
9
Z
ei
6
eg
e
9

ot

»
3

t

e
e

»
9
9
9
»
e

II.

zz

59

3

iNsO^i-' I ;=

91

39

9C
iH T i-H OO 1/3

SV

:3 H

;s.i.c:

^.2

St;

OT

sosa

O o-S a

5 :?.
Oi .

J^ j' J- 1^

< — - -
';:

a
o

3 i

X'

5S5

O
z

>-

4 R.G.



THE REPORT OF THE No. 9



1908 REGISTRAR GENERAL.

^r- «XC^ r^-rc^ •~~i .r^"COl'J

: I

"
I

: l>

: I

"
I

tOj~*w^^

I
: I

S I a I

: I

: 1 : I

^ I

W« -4 I .-<

I

CO
I

I I

BZ

^1

0.2 P =

£,ao<''.o

£3= r-
3^ = 5

; X 3 OJ

. ^ s c

:5-^ =

- — o"^

£3

^4

^!C —

to

K 90

.5--

'S S'3

12 c 2 = 3

:* --0 1~" oo

Q

> .- =^ m -ji .r:

5 =>

= * i it:3 . gtSg
—5 - "= "r ::; : oj ,-? §

a;

o

O i> X

<D 3

nilcal'<!« = >£
t-l C^ SOT

CO
00 OS O

S 1 g og

;§£
^ o^

^ i-i ciM ^a



THE REPORT OF THE No.



1903 REGISTRAR GENERAL. liii



THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. Iv

M



THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. Ivii



THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. lix



Ix THE REPORT OF THE No. <)



1903 REGISTRAR GENERAL. Ixi

-Hi-H W
CM

(0

I
w •- es

9S
Z9

9»
IS

I

COCO^ 34

9»
_09^
6S
9»

9S1=^

S8
16
9i: I

ts
eg
02
te
zs
»s
oz
»t
^i
_°

-

9

1-^

9ei

8C

L9C

Z9g

IZ

991

eg*

96Z

pj.e

M ?4 r-j>
I

• ?j—ic-
I
r» o>si4.n

iiriir
I

1-
, MCCCN

I
I

-^ p

: I : :

:
I

;
•

^-- M

1 ViO«rH 13 'Ol
I

I-- 1 COr-Oa

I I

J - * I

"w;7^

iSV.

m 2— 3

i
ci CO

,

" ^ D

^ — -< «



Ixii THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. Ixiii

^ --* ^iC<0 1 o



Ixiv THE REPORT OF THE No. 9



93 REGISTRAR GENERAL. Ixv

'mox ;;



]xvi THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. Ixvii

ee"
ce
ee
se
zv
oe
le
9e
ee
s»
ee

V9
19
ee
s»

_zi_
6t

eg
91
81
9t

8^

6SZ

VIZ

06

zge

szz

LZZ

ifi^r-iia

1"

CO
I
00

I
COM r-

l^„ I

aO
I
-M ?^ C^rH

I : :

t^
I

*
I

CM M CO -

I :

1'^ i;
•-I

I

?^
I

M r< c^ f

I I

13

a;

cj 1;^ 1) E

•.?, 5 3
o

O c cc'3^

z c

"I

6^2

S3

3

a
w
z
S
a ,-:™ CO X

H E o L. c t:

h^ o -^ « t:

^ ^ ?-l CO T iC £ t^ X 3>



Ixviii THE REPORT OF THE No. 9

.



1903 REGISTRAR GENERAL. Ixix

COM-rO-'Sl-^Jl XSi 1^

N -OC .

I" I

l'^ I

1-

l« I

1^
I

= I

1-°
I

I-" I

!"
I-

S 1

l°° I

n I—«CO-^-t-^ '-

1

C4 •* .4C—

<

I" I

•=
I

1^
I

I" 1

I' I

:- I" I

1"
I

I" I

•"
I

I : I

1-^
I

I : I

1-^
1

1 : !

I : I

I'- 1-it- -J. ,-,
I
^

— C^ -TCI C^ -H ^oO

: I

?<r-*eo^*r5 -cMr4

H«r~g^ irt *
I
ec CO-^COC~ .Q»iHt-OOi ;

»-4

Hire lOOiwO 1 o^oire
I
^

-HM 1 to trqo>«.-iic -Mire-^ |0

o

:

• ;r ir 1* i

3 5 ^ < 5
' .-I ?-) rt TP lO -o

: ® 5 -

a:-<Cxi,^

:S22 =

o 5 «
^ :^ £ .- = .— ce" — "?,

3SOC =

ire '^ t* X =

Sz

3=i

-Jl -"2

OS b. u ^ b

^ ^ — ^ p.

ire t*r-oo a-o



Ixx THE REPORT OF THE No. 9

'



1903 REGISTRAR GENERAL.

r.

5

'J

•imox

•03(1

•jdas

•3nv

o



Ixxii THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. Ixxiii

(

—'



Ixxiv THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. Ixxv

|<N
I

I-" I

I" I

I" I

,,-.
I
-o

I'' I

I :|

!"
I

I"
I

r I

I : I

I : I

• OC^ •—' CO I ^

I" I

1=0
I

I'' I

I- I

I"
1^

I

: 1

I'' I

eo 1 r-i

If: N i-H-O
I

•— ' tC rHC^

,-l.-H-l« W -MM -M

CJIMM'^ •T7<

1 M
I
O

I
r- i-t C^ '— -* >—

I

!•»
I

Oi C^ Ci C

l-l

-^ — c^ CO -vn -^

Sf — —

I ;^' (2

J ^^

P i€ i J

5 c " S"!

1 ;^ CO ^ ut o i~ X

f- 5co *- ;;'

^«r*co-vin^r

si : :t

EZ£

CD

— fc. s

s.'a

: « —

is Si's



Ixxvi THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. Ixx

SIBIOX

)" « T tC M y X O I* O

o

F«5

til

O
P.

H
CD

Q

I

Eh

Z

CO

H

Q

O
CO

•i')o a
•jdas

IsnSnv S
•A|nf a
aunrS
S'-«\%

ipJy
qojDfi S
qaj
UBf

U9At3 10|J



THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. Ixxix

lA oc m Is uM M I 31 M 10

CO
CM

901.

SOI

re

I

"'

: I SO I

I
" »6

80 t

901.

SZ I

I :

: I'

191

ZIZ
991
GO I

I

,-«

8S
8»
»e
0»
09
fr9

»e
9t
»e
ot
6

cz
ICZ

I" I"

N
I

r^r. I"
I" 1^

wc
I
o>

I
c^

rl 1 ««
I

Tj.
I

C^.-

iC
I

1(5
I

!.»• (N 10 C4 I 0>

. CJ 'n' J-I
I
Xi

99

099

t$9S

i-« COr-f^CO
I
to

eoc9 1 91 M i-H OrHrlO l-^ ICOeOOO^ TUti

6Sr

eS8

969

989

—i -r 1 lO
i5 IS « I C-

I
^.-l t~i-H

mm
I
CO

I
o MVrHoo |0> I eoeoiflco

-1 £: E 3^ «

W So 3.S K|5

SD'ijrT:



Ixxx THE REPORT OF THE No. 9

c
3

•3

I

O

O
CL,

CO

I

H

O
O

a
H

Q
fm
O
CO

OQ
&
o

: : : : : :



1903 REGISTRAR GENERAL. Ixxxi

o • — r^icc cciCiC-^c^-^-

c^ . .«.-•

(Nrli-ti-t

eg .-vi-i

W •OCfltH*-

I

I

f-tmcoao«f-»

O

a

C 3 a
H

Q w o O
^ t. e ;; O

.ti -C -M Cl^ K

Qj C fc- G u *j

ch w o < >; o

6 R.G.

^ CO

PS
o
H

-•?,s

CO e fc*

tab'"

j3 a °

O si M

-5 H ^r ? tl

2 S

%sM

o c

Ml— "^

3<

a S s g?

Eh

"C^CO-^iC— t^OCOiO

a)"3

M 1) b -53

g s 2 =55

2-5 g iJ s a"

S'E~ S.S.2 '

-i;35D>aQ;

r-i CO -r »." •— t^ ^ OS o

2 t- ^

ia =5

:.2a

ill

s>.^

sea

; So 3;

=2 S « =S

I



Ixxxii THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. ixxxm

•imox :;



Ixxxiv THE REPORT OF THE No. y



1903 REGISTRAR GENERAL. Ixxxv

I

t- ^ ^O •
1
00



IXXXVl THE REPORT OF THE No. 19

r^ r^ M CT! .-H o

oaa
AOX
»30

•jdas

Snv
jCmr
auiif

ABtH

•ludv

•tJOJBK

•qaj

•IIBf

U3AIS lOfJ

J3A0 y OS a
•6A-01

•6S-M

•6E-98

fC-OS

6[-c[ S
'H-nr S

fi-s

•pajBjs )ox

pSUJUfll ^

•siSujs
co?*:oeo •

I
00

•pa^BJS }ONJ a

uStajo,|

BpBUB3

pajB^s }0>j „

•3tBai3iC c^

•3IBH -,

c^i-trir-i -eo

SO 5

^MeOTT«ii^(OC>«xi

-<

a

;<

z
«

03

« i-t • l^ r- OO

•s

O
H

(53

^t^ o

oj a gj^ o s o o) Q= 3-2 ac J s£ o

a s

O
>

5 o
5 ^

, „ .a
It: .

^

.2 '5 ^ sit— .^

p. CO

oS
C 31



1903 REGISTRAR GENERAL. Ixxxvii

.-. 'o 'if:
- c^ - •



Ixxxviii THE REPORT OF THE No. 8



190S REGISTRAR GENERAL. Ixxxix

3



xc THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. xci



xcu THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL.



XCVl THE REPORT OF THE No

'-
I

: M

I :

r-«"* Oi^

13

S I

2 I

S I

S I

1 : :
I

iS I

a I

Q
O

O
1-1 C» r-i >-< CO \ •n ococ^ o>

— r-.OiC--

-H'-J'r-.M!©
I

-"-t03'-» r-« !OC>»l-<

.-^»-. a»»ft I-

s

O

3

=3L

Q o2 o c

QJ C fc. — f- #

I—I cJ CO 'Tin <*

S
f2

s

emfc

2i "3

tic 3 -5

s ;: o

pel

S o^m

Em: !» S
, 'C <^ 9 fc-

O a 3 — tic 'T G>

<; u m cl. Ph o <; o

;^— r 3;

si

•C - > a ^

S ^"^

= 1^.2 8

- >- S o"^

.o5.2 S.S

H 2

Si

g
2
D
6

S
O

is ^

HO s

OS.
a 03

op

.S2 <w o _
ti S "» —
"C s oj a

-^C^MVlO<Ot*XOiO

to'w' eg

:5g'a

iooo



1903 REGISTRAR GENERAL. xcvu

I. : I

I-" I

13 I

13 1

C9
1.V

I : I

I : 1

13 1

1"3
I

I-" I 13 I

I'* I

ea

r I

1^1
13 1

i/3 O O
I
O I

I-" I- 131 89
1°^

I

1:1'' .*0 -iffl r O131
1-

1

"- :3 l?3 I 99
: I : 1

• -t" I i?
I 86

15 1
izi

: I : I 88
1 : 1

Sir

1 : I :t

I
"

1

9t
93

1-^
I

l" 1

I- I 9t

61
1-

1 eg
01

: : I II

ri
:|

:l :1

Ll

611

rj » TO^TI !0

tLZ

^9Z

:3 IS 81Z
r-l 1 -* o I CO ?^

I
lO

OEf

-\

r-\ 1 us lO CO
I
CO

9ze

vzz

• % 3

W ,- - -

^ n^ ^r ^

Q (D c:^ *^

«'e C I'

PC QJ -- O —
a._.„ o-
W O O) "^ 0)
1", aat- c
5" l-i »- ID fr.
[I4 a> o)^ a;

K^ £ CL^ C Q^

I

OS
'A



xcviii THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. xcix

<r-r -i-iSO CO C^^rtlfi^O

" 1-

I :

-^
I'

-CM '(Nr-i

. .
I

:

I- .-I ,-1 r-l 04 •«r-l -COf-t
I
Oi

I-H CO •-<03 -.-t -i-tM

C4 IM -V t-n-t OO C* CO •QO»-i -T-tr-l

I

.2
"2

at

•Q K o O
egSs

.^ OJ C t- - -- —>

<••£

53 *

? 5'f^- -a-s

a a S
O 3i X

;0

a;-< a;p-,i,u-«0

- ?i CO TT if3 '^ l^ aC

>|

3 s

a S s o 3

l-2i£-1l'^-Si

"-J32

O'OW

- ^ 3"*^

^ « Ci 7. t-^ 7? E

o
CJ CC



THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. ci



Cll THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. cm

\" I

i ;r^-

-H O* U3 3««eo 1 CO

CO
I

—

t

C^ •>-«
I
CO

?lf-iC) 1 00
I

*r-*r-»

eo
(D
CM

ZZ
OZ
ZZ
ZZ
»t
Si
II
9C
ZZ
fZ
9Z
GZ

9»
SZ

g

zi
9t
s
9

It

e
s
e
s

ze

8Z

zci

CO I

*8

C8L

IGl

i.ei

SSJ i-

D.5 = S

'c'S o'cc

^ t> Oi b.

3 3" 3

t 3 '^ r^

cc c; 3
«.& =

k£..S

OS

O J2 to >j
OJ C3 oj

350
t^ OJ

O"
-) =

co'5£ a £.s
.P:.CEOaS:.

02^

Z 3

•a

"S

:2"
c^ 3

-Co

^g3tii,Oa)o'^3 —

j^c-icoTiococ^odai

P

a
w
z
S
Q



THE REPORT OF THE No. 9

SIBIOJ,

->»a ^
•AON

•lOQ

•Idas

Snv
Xjnr
annf
•Xbk
Iijdv

qaj«K S
qaj
"UBf



1903 REGISTRAR GENERAL. cv

loaoo —

t-l . .10 .C4

W C^ i-« r-t r-

i—Or^r-l^

IS I

I" 1

1- in ?^ -tn ^ 50 [* --O --O r 1-1 rt ^> r-4 I-

te- •r-i'V Ot I-. l-a-tO I M

1 :

-P- :Ci-i -« -t CO OJ O r-1 —
I

I-- * ^ l-t CO • O-q* •f-lr-l

•C - M 00 'X) (M

^C^CCOCOM

• M *o n • r4 C^ ?>! i-i —" irt •* r

C 3
3 —

-<";:" 2 -r^ ^ '^

St S3 « £3
o g i = = -n -

P^. 4) C f- - »- —

~ a; ;
: «
. ^ J (i*

• ^ ?1 CO T I IC a I-' 'm' CO -r lo" ^ I— i"*^

fl

r. O S

as 03

S g~

!U !£ t- a
CSS*^ £!^ si

'

c c

;2a

CJ o-J3 S.S:

* iC-^^

•g c = 1- £ 3
-3 <" 2 « ^ .y e S 5 •- H

•j: t-^ «j ai <^

:o



CM THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. evil



cviii THE REPORT OF THE No. 9

" i"
:°°



1903 REGISTRAR GENERAL. cix



ex THE REPORT OF THE No.

i



1908 REGISTRAR GENERAL. CXI

1?S

1"
i

I I

I : I

I : I

12

: l-
: 1

: I

: I

r-<r-trt
I
O)

I I

I"

BS

O
E-<
J

a

o

9 "o- S
o
S-

S" 5

;n C C

w



CXll THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. CXUl



cxiv THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. cxv

i



cxvi THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. cxvu

00 r* o.-'

"
I

-"
I

"
I

'E 33 X

d -

I

2 f-

3.aj'e-

c 5 «
?«5

=
i-

- 3 =

i<

. X ^ ^ >; :

_o



exviii THE REPORT OF THE No.



1903 REGISTRAR GENERAL. CXIX



cxx THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. CXXl

<
ce

a.

a:

W
s

S S ^ ¥

e2

IS
!S

IS

= n

15

I
OC Tf O

: : I

IS I

IS I

I I

1* «

cS

a 0) ^

—'o

'a

-; o-BHci »m
o-S S

jiS ^ t- I'

.CL,

.2--

= s ?
g (« o £

« W •3>i-«

C4r» t-r-

.Q

z =

1=^
I-

|CO |,

l^l"'
!NC4t-<

I
tO

I
r-( .

I-" r
I
« -MrH

I : I

I" I-
— -r,

I
N|« |,

I' I

: I :
!

l« I

I"!'
I :

1"
I

I'' I

l« I

1*°
I

I-" 1

I : I

1"^
I

COCO -V
I
CO

I
o»c< -vIS r

r»lftt^
I

rjH ( TT NOJr

I : : : : I

I : : : : I

I I

I
OO^tO-H

01

n
«

o»
ze

s»
S9
B»
9Z
09
eg
99
09
9

_19_
89
99
g»
6t
9t

92
»Z
sz
61
IZ

OV
9Z

991

06Z

l-^E

191

19^

BOG

le^

•da

13 '5

" "

-3

X!'

- ^ H =J ;

•1 ?? TT ir; ^ t^ 31

"OS

-< 3

OH



cxxu THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. CXXUl

1-1— — C-t -O* I "J" I « 1/3 M 3i C4GO-^ -M V> \ -«n

123

• :|!

Wi-«t-<«

""^ 1-

.-tea w
«

: : r

t-i •IT' <-* l«

"-
I'

— IN
: I'

rnr-
I
J5

01 M r* c< r- M r^

o» « ^ r-j n cs (Nmm«

as
C 3

a"5

« o o

= 2=^0- ..s

II nil
a.KC<;-<c

•-H e^ « TT in to

U
M

ox c-

.j3 c o

Cx3

? * C i- ?^

1 (C-^

o >.

ceo*
O at .S

1 q^ o '^ —

< cc ? ifl *o r* 00

w
o

r^c ^ o— ^

: t o c o g — u

: -^ in tc r^ oj a» o

So =

a>5 Oj

O O (

2:5 >• £ o =? t-.~ '
=3 .2rj= « ^ K "^ -^ =J ^
<;o3c>-a3SOco

w c So;
to • d o< • a M^



cxxiv THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. cxxv

CD

-S
o



cxxvi THE REPORT OF THE No. 9

= I
- wr— ^- M » fCOt^---Oi.T-T<- lflM — ifl~ yi-s '^ • M

=: I

I

^-r-

l'-

12

IS I

•n •o

I'*

o

^
3

o

S I

2 I

S I

•950i— «ir3 CJ CC M -iC — C^

t- -^ ^ CO r-. .-t

:| :

rcoi— o«D -v IS

1 TO l-.« (N ?< ^^^^ » i ^

s
3
i5

OC^-T-^SOMMr

o
:5.s S"S c = o z I o = -^-^

«-- K ^ - o ^

— > s

as

- '^ C C ^ t.

t— tJ CO -^ it: :o — n to * ira ^' r- X

— t:^5>-H-'"=:,ii,

X c-

r "--^ — r- X :r- 3

b^:.'"-a_ 5 5
S^iS t. ? 2 ^i^ t-.= i

I-- r^-;

—

;- X X^-C F^

^ — ?i« — ^ -c i^ X ri -



1903 REGISTRAR GENERAL. cxxvu

W -W • 1 u-5 '



cxxvni. THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. c \ X I

X

• c^ •Id

1-^

I-" I

< 03

— - t- i*
" ? S < so

.22-- ^

2 ^

•5-1?^ W Si
1 o !r, C—

i^ r-'^z.-
Et'H =

lis
w" t^" ao

fc "Sc" g2

00 Ci O

5 a o

30 =

1. M 3

a

^a 2 2

si be—

p :; 1. o
° -^ I-

=4 isSi

^ ^, ^ 7".

&- = Z^ -

9 RG.



cxxx THE REPORT OF THE No. 9

m

P



1903 REGISTRAR GENERAL. CXXSl



exxxii THE REPORT OF THE No. 9

ri t^ " ^ I- c^tf;w3Cciii:f-t-« rH irt 3 ••—i" 1^

: : I-

t» . ..-1

:-p ^ • -r^f-"

:|'
pr, .r-

I
a

.-. . -w • 1
»<

03

o
o

•""=
I = I

ifS —. w

ri
H(N - •" 12 it2 • —I

IS r
I I

1 ^ 74 "* 'T^

I -I

: I

IS I
.-;: .O - .O N —

t

--< TT* 75i— i-l

I I

1
a

I

"

3

'•<
^_

;a5<35

'^ ^ ^

2 S

Sl^

X -

11?

H CS « r lO --2

: = c c o r cSj;

..J — r^ccmC'Oi'-x

2

a:

5oB

^ .^^-^ ;

: 3<

; -J t- 30 Ji o

•lis!

Si; -B 3i

. a c "

6=- =

g = = 5

?;



1903 REGISTRAR GENERAL. CXXXUl

»

T7i



THE REPORT OF THE No. 9

o

c
3

5
s

c
P-

I

o
o

E-i

W
H

o

pq

CO

Q

O
CQ

<;
o

IBJOX

•jaqmaoaQ 2
•jaqniaAOx

•jsqojoo S
-jsqinaidas S

IKIlSllV ^
Aiiif •a

•auuf

ao JO -w-.-

1"
I : M--

I'-

: : I'

•jjjdv

•'I-'JBK

Ajmuqaj
•XjwnuBf ^

USAlS WH S
•J3AO pnB 08 ?;

•6i^:y^

•m-oilS
6C-tS

f-K-ns s

Tr-o;:

•61-^1 i:

•n-oi

:K-
:|=P

: r

::::'- M'
•CO - 1 -3"

:::'':
I

C^ •
I
CO

- • I .n

:-" • !"

: : r

: : I"
:

••"
: : I'

:
{

:\^

-T ?< . r- OO -

13

•\Q . . . -CO

: 1 =

.to -CO .... 1 c

IS!

: : : !

ri -to Tj>.-m

r'- : : t'^ . : I'

• M .^ . .«

-IN • -CI

:"" I'

I :

IS

: I-

.«r-..-t.-> • iC

1-^

: : I

pajBjs wa a>

'pauiWK 00

"aiSniS t~

pajBjs jojj -o

•u3pjoj[ .o

1 i-i I Ci

rH --^ - »rj

SPBUBO
• 75-^OTr - rtS 1

• ?« ^ M 1 M

•pajwjs jojj n

aiBtaaj e<

..-. -O -lO -r-tOr-i 1 ao

rr-1 -i^aoas -^TfiN lao

31BK -

a: .

a,

M S

2;

>

-'o :-

:3
•5

oo -•

Sifll E-|||

g ?•'!» s CO Is a £ o Ca,Sr-a

: : . . . c
o
!-

I ; i M ;§

.•3g

S

OS
_ w
a ^

; ZZ CO

^ ^-r

V. ::='_-::*

o

;

a X = -r ^ - t:

^ tiJ '-t; li]o ff) i.^ X ^ i-* CO

-I c^ « •* >^ ® r^ od *2



1903 REGISTRAR GENERAL. cxxxv

r-if3;oeo"0"9'tHr-« oi ••-* M

: I'

r- 1 t=

1-t -SO -t-i

^
I

-
I

(N .^*tO 2
I

rt-
I
M

• r-i -eoej

r- .
I
IN

I :

2 I

T-(.-.0^

: I

CI
"

I

-^
I

•-ICO
I

t

: I : I"

tdS^ yi Mt-i r

'J'^iOM -^r-«

-iftoocoeo '^ '

-I CJ C^ M MN 't-l '

*reoTP O w?* r

f

s
w
H

cn

Bj

O
H
<
iJ

O

O b< 0)

<i; a § o -^ a
Sicla, 0,15

E 0.2 =3 SO
C i^ " C ^ I_

II I'iil

t-^ c-i M "^ iri (o

s
H

.25 g

H s

saS

-»1



cxxxvi THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. cxxxvu



CXXXVlll THE REPORT OF THE No. 9

c
a

'



1903 REGISTRAR GENERAL. exxxix

'"'
;



cxl THE REPORT OF THE No. 9

o

o
CM

I

55
O
H

13

W
H
z;

o

pq

CO

K
H

O

O

CO

TOOJ,

•jaqmaDaQ

MdqmaAOX g
J qoi'^0 jg

•jaqni^ldag

IsnSny

••<inf

aanf S
Xdm
•ludV g
IIOJBW

Xjimjqaj g
XjsnnBf 5

•U8.v;3 }0x a
•jaAO puB OS S

•6^-Oi. S
69-09 S

• r4 iC o :s t-H
I
^j r r> rj r; 3i lo

: r-

l-

1'°
I

: I" I

I"
I

n I

12

I" I

I" I
-•

1" I

!"
I

|o>
I

n I :
|-

: : M
1^

1

•6^-9^ S
ff-Of j3

•fiB-c;;

>r.-nz 22

6i-er

•H-oi

6-s

pajwjsjoij °>

paujBH °°

12

I : I

n I :

|-"i

12 I

l*^ I

I" I

: l:

!3

: : :
I

I*-

r^— .« . -.-(,-.
I
t^

— .rf>.-.H

: I'

T^CM •«-

:" I'

'r-r-* ;s . . .—

.

lO "tJ -CO^-tr-

•aiSats

'8p«aB0

•pajKjsjox '^

•at^nia^

-KS -CO •

C^ -t^ -«'

OJ if30Mt-«
I
r- • 31 -t^ .,-1

-> •X>«0(Nr

•aiBK

:^ i:
;CS| .r<



1903 REGISTRAR GENERAL. .•xli

- n x. r^ '-2 ':'i I » I nT. cs ^ o. •n c^ ^
- 1°

I

Ice lO Tj» ifi -XS

{'"
I

l« I

|M
I

I-" I

:-
I

-•
I

M— -M

:-" !'•
I

" I'

:
1' : r
!-•'

1

12 I

CO r-> I- i-H ^
„„ ,ao — .-

IS I

oo .— «o I'

: I

: i"l • r^ 5D ci -'
I"

: IS I

r^ • mo r>* M
^o .«—

I
:o

IS I

• CJ-^ -i-t

: " :
I

"
!

;"
I

: I" I

—« •«
I

""J*

I : I

I : I

: I : I

: I I"

->^a-sa* ' iC CO «• -V «Dr-i C4 SI -'

O -lOiCl -^ « M?4 r

n
->)•- C^ C^ I 00 pcosao mc^ii

r-OJMlCr-i PViOii-t • l-

00 -N -_ CO in CO —

1 CO 3s M . ai

ill

= ^ f-



cxlii THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. i;xliii



cxiiv THE REPORT OF THE No. M

T -o « CC cc CO'C^SiMt^-Ht^OO

I-

• .-I - • M

--
I'

15
1^

C4 — r>j — -^ « —

I-

:
1^

: I

I-

Oi
I
rHrt -J ir •—» :<

vjsn nx> X I -0-O«XJ33>- M) -O — 30

1-t o - • — M » -a rt • i>- -I rg 3 -

I ;

-1 W • N
: I

3» lOt^MS-^arl C^=0?50?JC- — 00 -.N

I
M . OT 50 T O .-O i-<3i.0» O -jOJ»-fJ-^ 13

-iCOQO^ Tita -;3 j;^?S»70 M 'T -- *0 »-. O

o
I

r^ ^ i* .:3 . u. .

I

lie o I •--«

3 >>

a^-u o

^' cff — is or

SE:a.s;soa

- =;£ u?c ^5

>• -- C^ CO «• >ff t5

S S s

2^§

Zi ^ —

&^3 i : t mJ

cf^ricc£!E!'"T^.-^

ill

_^ ^ eo-a-

: 1^J ;

3
o

5
f2

—^ :n ,^ .

>,?i'S.«2 ;

If: tor

.; X '^ " X X -/ '^ r- -

j2 • s acj=

2i c 2 "^ 2



1903 REGISTRAR GENERAL. cxlv

»

I

in •

:



cxlvi THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. cxlvii

r-oiT<«c«— "^w^*:

la Oi ^ oc r^ c^ •-

IS !
\?, I

1^ ^3 b^ M 9! ^^ » |g I

15 I '^-S'— :- IS I IS I

- M --C •.-•?< I« I

-i CO -J Ol CO IS I

^-^(0«/r^eoMeo<ooc ig I

?5 I

•C* ?3>^ CO -d IS I
IS I

IS I is; I

• -M '.S ^ cc iC
I 'J I 18 I la I

— WCi -T H M
I

t-t
I C^ M O :0^- ig I

i-ho*i^ n .**«x« IS I

<e«^c4;c«'rc» I? I

I? I

ci If; lit 1^ r^ ^^ w CJ IS L
• TO c^ »/: if; •

IS I

15 I

dCOCOOIC^ IS I

^ eo »— eo^r
l!S I

O Sk 3C O SO CO CO-isi . eo ?* so 11-^

<s> -co— IS 1'^
I

1^
I

IS3I
r r- -js • M -v <-" I? I

:"- : I 2 !

IS I

~ «, CO M - OS I O -•iCtn'»T-3ieO -eo lo I

" : I
'-

I

l« ,

• -^T CJ ?^ i~< CO IN
I

I a I

1=: I

12 I

: IS I

I:
WSO • '-N^ 1 00

ISl r rl • -C4

12 I

: I

: : I" I

M 'COM

I : I

t-i -^oin

•
: I : I

: :l

" : : \^ I

: : :
I-

1

; IS I

I?

:|3

IS I

: i:

1
=

^ W -O I- in t^

- — ifl
I
M

^- 1£

>-tift
I 1^ C4 W 2^0«-^ C

|2 1

tox ® o» X -^

1§1

: i : r I

o»'fl"eoooi--xo» , -^ 00 ?^ M o> s^ I-
I

"^

CMX—' oo eo
I g

i->tO -i« CO

: 1 :
!

IS I

1^ I

COTO X — f- 15
— 1-- -J I ^

3M
I
CM

* -^
I 3 SS2

ti = S o ^ ?o

^ j^ ^ <— ^



xlviii THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. cxlix



cl THE REPORT OF THE No. 9

S I
1=5 I

Cl Oi OS M -Nr- \'-

% I

C4i-«0>'«' -l-* -C^PS-V 1^1 n-o-v •«

< 3i « — I'-

S I
:- IS I

-COtC^CO -Ift^
I
"2 -^lO i -Cl- l£

I?: I

•NMWM •NtftrH 1
•-< -lOCM -00

-"^^ CO ?*
I?? 1

O^CfliC • IS >»•—«--• SI IS
-eo«— ?3 .

1:5 i I -M 12
i«ini'n'Mr^ I i;li;

I

r-k^iie: -r^^
l=§

-. » 00 . . ^ CM l^ ?< CMto 95 • » .
- - 1;

--« L*; M c< eo 1^ I

tci^ ?a M cc* r< I? ^ „ C4 --• M "T CI ^ r^ • 13

U I

tCiCSi — d-S'"-"'

i3i50 -CO
I
O 1 ^ Mc^ " n n -d IS -noeowci • ••n^a-s !•£:

IS
I 2

1?! I

•f: xtO'C wcsco^

IS 1

«««0-<^V •COf-«-£ 15 -
: lU

C4a>« ^ IS I

11(2 CO • r>*s)i .— eo—*-^ •^— -I

!S !

t- r* a> -ir ?^ c« -r lOiO^^o '^^ -.iCtj- .;3:q

- r4— MXf- is; I

r X r- cc •« ^^H O fflf^
I
to 1^

- ^0!0 fN »C IS r~ -OiCM "T r-i « ;m-^.C -t
l?i

1$ I

.— CO . .'- «« .to • IS «iOr^ iiM

1^ I

rt • -J T M

! 5 -I li I

-4,M T . .^^ m
1 =

ISI

2 I

!"
I

-^— 3»— .—( I W - CJ C>* l~ 5C

•(NO-- • W IS 12

2 I 12 I

00 —« -

1
=

: n I

Z I I : I

2 1 : !" 1
I"

I

" -" •
;
"

la
'" :|S

O
3 £ »C OJ I-

:Q -» -CM • I* (N r»

|S|
lil

:m?* 00

« I'- i i-t .

a 313 o «i- 01 l^ O Ca — l- 3 CO iC — t^
I
"C

ct>n AUOioo 1 :n JM:c-r l~Oao .gs 31 .-. l>. . OC

l§!
0x0 • n

SC4 CO
I

0>

X) CO W 11;

CO o 3 o ri ^
I
rr -:o — to — c»ot^ ICC

IJCMCO^^ -„ -
I

•c X ic
I 9E

o
a.5c o
t. E '^ »

k£

I-

>•

>•

Pi c

-=-/: S9

; Cj • C

; « — S

> =

V. c

Slz = .-'S S-rl

-rMoo-^iC^r-x

H -s
a: :

• 30

>« . : ^

>• ' '-S - - >.
-

^1—>r^co^'iC^t--aoo>o



1903 REGISTRAR GENERAL. cli

MOiX
[



clii THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. cliii

O -t-i
1 3i -s- » ^^ 1^ 093 A •»

1'-

•C4-« •«
I

X—<M 1 CO

:i;
- I:

-<M^
I
r-

i::
^ . T »r^-

: :" P
: I

?5—«50M -.-I—

t

15 I —
« » ?5 » -• 12
OOOOiAO-H M 74

12

:::-:!=
.^^74 I O

- I'
.-HCO?* *

l'~
:" P

1

=

^MM
I

>0

.« |-

: I

: : I-

:
\-

r* . -.-«cq , i-*

»-i "v r* O ^ ?3 ifl .^^i>.MM
I

O -Sl-^ M-fT^CO •«CO i-< 3>?4
I
?«

;l
t- t-» •-« CM .-»

rl l^ TJ- .1- O aoac — oiTTt-CWM I o

1:
ocTaoo<-iC4iitc>i 3>?3 -^t^r- I ^

.-« w^ -< ;o o » ?J in in « >-« tOi~iTWO ?« t^ uO 'CO

' :; — -i" K-

^ — = ;

- ^^ .^

1 M re T ir:: —



cliv- THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. civ

?>• ^^ r* ^^ Moo

<?4



ilvi THE REPORT OF THE No. «

-•«3C«=^3i X'VO'-C*-

r-iO - •-. I 00 .1 .f-.CCi-'W -

I'-

1

I
>~

I
-"

l»,
1' 3> •—'C* :" IS I

12 I

I'- I

- r t— - .« :«
I

^
I

: 12 1-t—»eo I o I

: : : I'

:" I-' I

: ! : r

. WC<»-<N I OO -S«^ - M
l°°l

- — C4r^ • ?^« 1=°
I

:- : K 1

!"
I

:l
:" I" I

- I' —
: 1^ 1

'^
I

"
!

!«,
,

I" I

: I ri

I :

-- I" I

O
-J
I—

I

t-H^^CJ C^ •^Cl

Q i.*; w -^1 1* 1 o '

l>- M M M M aO .
= 7 3

o •»» •«=>» Cino-" - O »-i »-< T -^ ,00

— r<CM;o w » TJ" »O fl tO —. ens<»M?»T r< ' I"- I r-iM • -M

iMoOTJ - )0 --rooco
I

I

••

I'- T ^ — •-• CO CO OICO»C|«-.Tr •30l^sol3i'

^ I

t-< r-) O 35 f- » r-tO ^ sa lO
I

^il

^ ? r-~ 5 S :; 2s

:5 : ^S ..i H

i£ —'
^

;f.itil<
^ r.'^_ _

r ^ X — t, ,- u
CJ- r r- i_ - 1



1903 REGISTRAR GENERAL. clvii

:«- : U



(hill THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. clix

>C-m3> — -rM» Z> M-T- so^ c* ri 1= !

I I

1-
I

1° I

"1^
I

I" I

1"
I

I'' I
"- :

I" 1

I" I

I : I

I- I

IS

I"
I

! : I

I- 1

1"
1

n I

! : I

I" I

I : I

i" I

SQr-i .
I 2

1.-ICO -^

lOr-iZ-iVi^r-if-"- P3C^ ^T -^

•"-OaiC C4 ^COiOi-t

ro M "N o<— ?3 -

a

w

— -^ .i i < 3

<—
" ?i CO ^ i/: -^

III

:-o

= r; O)

— *- 4)

i2

: c a>

5 i^|l :3S.L

X = 2: ~ =j T- --^T -

^* f-I r< ^5 •T urj --C t-- X

• - =i - • ^. ** •_ -c

> ^Z' - = .'2 S'j ») g

X

to

- V

t* ^

a 'S'SS-- S i i i ^ a;

•a
X Of

C-O
o _
S 53

?2
= 5 :

JS=5

lis

= =a,..

1 s£ oa

T^ ^ !r 3J fc^



clx THE REPORT OF THE No.

(



1903 REGISTRAR GENERAL. clxi



clxii THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL.

I" I

I"

I : I

I" I-

: I

I" I

l~ I

I- I

: I

: I

I : I

I : I

— l"l
I" I

I : r
:l :l :" :"

1

=

l-^l

I : I

I : I-

1°°
I

: i

13
I

12 1

: I" :

I :
1-^-

r-° I

:| : !
: I : I"

r-

1

IS I

: I : I

I : I

: I I : I

•r^ I M '

la I

: : I

I : I

: I : I

I : I

••

I

:l :|

: I : I
•

1:1

: I

I : I

: I : I

: : I

•1 :l : : : :|

I : I

:| : I : :

I : I

: 1

I :|

I : I

I : I

: I

: I : I

I :|

:1

: I

: : I

: I

IS!

riiiiiii

-r M
I
O I M

I : :

-.2 f-

S

clxiii

: I

: I

1 "

oo

6G
9Z
IZ
ez
oe
SI'

*G
ZP

BS
BS
OG
9Z
Zt

II
^n
zz

f (N 1 r-.

01
61

J.01

GZ

191.

fSl

ZOl

z^z

sai

£*5



CIXIV THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. clxv

(£>e^^.-«^ M 30 •f-rMC^-

C^ C^ M
I

I-
: I

: I

iMi-<Nf-i ( r-

>

S'5

•^ c-i w -r ic -^

B /- V

5 5=: —

**1

w
Mi

'A
X ^ —

= D

ri CO *T I/: -c t- to i ra M -r

as:

5
O G a; 2

i) CO-:

g S3 l: ;



THE REPORT OF THE No.



1903 REGISTRAR GENERAL.

•stmox

T -MT -M CJ -I^-M

•jaqmaoacT

.i3qm8A0«j

jaqcnoQ

•laqmajdag

•)sii3nv

Ajnr

•nJdy

•qojBre S
AjBaiqaJ g
.UBnoBf §i

U3Aia jOX S
jaAo puB ns5_

6L-0L
•69-09

•6e-(K

'St^*^ c-1

fZ-OT. 2
•6T-SI S
H-flt

6-es

•pajBjs jox

paujBK

•3l3a!S

•pajms JOK

"uSraJOj

•BPBUBO

pajBjs jOM

•Bysmo^ ^

ojn • 1 ao

3IBK



cl.Kv THE REPORT OF THE No. 9



1903 REGISTRAR GEXERAl.. clx

; : : : 1



clx:

o

->!

B.
O

I

H
o

w

O
CO

SQ

&
-<

O

THE REPORT OF THE No. 9

s|viJox

"•laa

100

•Idas

Snv
Xinr
3unf
•.'i«H~

[ijdv

•q.ijiiK s

M CO t- MSO r-t-

: I-" I

I" I :|-

•• m ; I'*

I M
I

« .,

:l" I

:| :|
:|«

qsj
: I : I

'UBf

uaA^a lo.V g
J3.V0 puB 08 V3

6i-0i i?

"69-09

6e-oc

6^S^ SJ

•^^-0I 13

68-S8

: I : I

:! :|

:i : I

:| : !

: : I"

I : I

I :|

: I" 1

r

: r^
:|'

:- r
•|

fis-sr.

I : i

f-r.-or. 2

•6-s S

I

.

I

„

: I : I

: I : I : I

:|-1

•B5S 10^ o>

paujBjt 00

•aiSaig r-

•BIS -JON K>

'nSisjoj «

BpBUBO

1



1903 REGISTRAR GENERAL. clxsi

•-^ t CO I «

•CO •r-i'H'
I

00

•iO« ^ r^
I
Oi

o
H

gliosis

> r-J ?j CO* ^ to ^'

: s'5

gM 'r'c

B -^«<-

S o :

fcs3-gw

•r c

•u ^

a^ ;:

co-ri-'

2-- y

T-H ?! CO "^ iC «

01 :•

O
t^CiC

<

p5.„—

„

3g5

3 a

""H rs CO -

O
re oc-oo oi o

. o— a

? 3 lis

r^ £.;2.b. a.^ t- t. n t.

3 3t3 3



THE REPORT OF THE No.



1903 REGISTRAR GENERAL. clxxii



clxxiv THE REPORT OF THE N'o. 9



1903 REGISTRAR GENERAL. CiSXV



d ixvi THE REPORT OF THE Jo. y



1903 REGISTRAR GENERAL. clxsvii

HOa -w^-

•t-i M .^r-

PI
•M59 -?< .^-i 1 OO

•WX • M -C4 iHr^i-l 'w

I :

: I

: : : I

: I

:
I

: I

: 1

f
:=a: f-

• i i'^ ".2

3 =Jt3 s

-SI g
ij ?— :s:

a
BM

• ••o

c 27

;^0 :5 2 =

.2 - -

'C if =

? 111.

H ^ ^^ -^ iC 'J

1-2 R.G.

^So-io

J o'_-

;3 y .s >, — :

2

Sis
S ^3

>
)£a CSC

a: j'o -SS

^ IJ M ~T5C*

z.^Sr ^ £.23 go

<SO>C-ScOO

2 = 2- =

- 5 o 5

cd 5> '^ * o



clxxviii THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. elxxix



clxxx THE REPORT OF THE No. «.



1903 REGISTRAR GENERAL. clxxxi



C'XXXll THE REPORT OF THE No. 9



p
1903 REGISTRAR GENERAL. clxxxiii

»

>



clxxxiv THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. clxxxv



cixxx\ 1 THE REPORT OF THE No. 9

COrHr-* tfZ • w 05

2i

I

ai

K
H

Q

M—tr-i
I
CC

I'-l
i I

JJ I

: I'
: I

OOi-H • Ol

s

o

o

1 Ek

o

I I

I
:

I :

rt 1 "^

fi»

S :i

-.^ s

M3 ^ £r

111

~ a>

!> r-< !N CO -r i^ '.O

= 3 H

: f S 5 !

S-<:o«i.E

'^C^CO-3"iC^t^0C

13BO
• tc ^ ri I* 00 Ol O

X c -J ~ - ~

'-
r. j:

C^ t-

-X . si a 2



l'J03 REGISTRAR GENERAL. clxxxvii



clxxxviii THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. clxxxix

- -H :-.
1 -r ^) tm- t^

1"=

.03r-ii-i C4

i-^ « »r-l

S
:b a

: so
:a-
Q o o

^l^i C-. ° •- S =

. n » ^

:'o : :

oB :

CJ _ — .r-O

w > o
=5=

Z en y O

OSS
K' 3 C 3

-1.0-CO

i-iMW-viO-Jsc^ac

'^ .»^ £ ^

<:xc>i5Ss5co

S=1

=J .ID

.i " =^ d
:i.o — «

o a> ^ oj

! iC o r- X CO



cxc THE REPORT OF THE No. 9



1903 REGISTRAR GENEK'yL. CXCl



CXCll THE REPORT OF THE No. 9

-^



1903 REGISTRAR GENERAL. CXCIU

k



CXCIV THE REPORT OF THE No.

as
PC
>

If.

•X.



1908 REGISTRAR GENERAL. cxcv

r-"t-<«r-t

I :

l~'

l'~

" !•

I :

in

: 1

f-con
] \o

I 1

1 : I

1 : I

'^
I

U3
I
^

: 1 : 1

CM r-iCI
I
COIS I"

5 !«!

2o

^5 5.f

:-.«?

Pericard Endocai Organic
Angina

Arteries



CXC\1 THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. CXCVll

o

1^

o
o
COo
en

s
o

PQ

£B

K
<
P

O

w

siBioi g

•jaqmaoaq §
•jaqmaAOfj ^

•J3qo]0o S
jaqiuaidos



excviii THI-: REPORT OF THI£ No. 9



1903 REGISTRAR GENERAL.

'. ' I '.



cc THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. cci

lo I cso -c^

I" I

l'^ I

I : I

I" I I : 1

I-" I

I-" 1
1-^

I

I- I I'' I

P=T I"
I" I

I : I I I

I : I

1"
I I" I

1^
I I" I

I : I

I : I I : I

1 : I

I : I

I "
I

I : I

I : I

I : 1

I : I

I" I

M
O
Eh<
P
O
PS

I

: :- S-2i =«
[_ o t; a>

C ---. ^-—
< gj

- t; -^ P-< o .^
P b O ^ * Q

O) C fc- -H .« -t^

-1 m' cc -rirt i^

iX



ecu THE REPORT OF THE

:|

•n — ;

ffit*"
Has

0--

H O

O^

No. 9

5p5f5

'.b.6'3~:Aaxao

- n CO -f if: -i 1^ ^ "

I
•

T X C (-

(D

s

"

6
I.

9
_0l
Zl
_i_
9

~T
~

6
91
/.

I

I

Z
z '

»
e
g
e

~I
a

_i
t

z

ff

I

»z

19

6*



1903 REGISTRAR GENERAL. CCIU

i 1 T 1 -H r3 ;



CCIV THE REPORT OF THE No. 9

I" (

I : I

! : I

: :
• : I : I

I"
I

I : I

: I"

: I : !

! : I

I : I

: : I

: I

: : : : I : I

: I : I

: : I :|

I" !
: :

I

I : I

••":::
I

•

I- I

I : I

I" I

I-" I

: : : : I : I

: : : I : I : :
:|-

I : I

: : : : I : !

: :l : I

I- I

: : I :l

I : I

: I

: 1 :|

I : I

I :|

: I : I

: I :|

• : I : 1

: I

: : : l-^l
: : : : I : I

: I

I :!
: : I : I

I : 1

: I : !

: 1

: : : I

i : I

" l" I

S I

I : I

: : I-" I

:::::!
: I : I

jjj_j_|_:|
: : : I : I

: -•

1

: I : I

CO

<!

S I : : : : I : I

I" I

: : : : I :l:]
: I

2 1

: 1

= I

: : : : I : I

: : : ; : I

: : I : I

\
I

: •
I : i

I : I

i"{
: I"

1 : 1

<5

O -

:x : : :

- o .

it:!
'

d . >»

c z

:g5

i. a ^ :A SO.

•|l I'lll

• (^ E. r^ -•"• O
•§.|~ :hH : :S

II
s

•S2 5-1

c
5
2 =.2|S>-i=a

I :

: 1

: : : : : I : I .

: : : I

X

= .SoJ

: : : loa- :

: : : :6= :

_ :S : :§! -

: I-' : isf ; iss 2
• = -o : "c^ H
: : ^ ' '«•;/« o
• . a . . s : 3 ^s
• •« -S • CO s

S ; is ;|= i^i^
? : :« :1| :6°5

g ia|g|o :|§|

<;cDECHa.u«!;o

^ c^ :^ t' ».-" ^ t-^ X Qj" 3

3 Si
3oocDO

TO ti t-^ 00 cj J



1903 REGISTRAR GENERAL. ccv

.11
"3

'2

S c 2

<»' = =:)

CM 03 — y *"

ffia si,^•-' D i^ O

CU—1,—I o-^
>v> cd cd o ^

"^ t-. p. e *-

o

S-a 2
t.:(ii£oS ^a^

^

S'^

i« I

^' rM C-i CO

"3 >>

33

s^

f2

t> r-i Ci CO Tji

^ i=i

^1 =
sip s

z =

o
10

9
g
e

' 9
»
C
L
S

Z
8

e
»
e
e
e
e
I.

G

I
M i-lr-l

gz

LZ

GL

or

9Z

Z.Z

3=-? -

; > X t_

jTHCico^inysi^ooai

D

g

X C t-

t-4 r^ M



ccvi THE REPORT OF THE No. 9

sP'l'iX

•oag

•AOK

WO
Idag

: : \'

Snv

aanf

•ludy

U-UBIV 5
qaj
UBf

J3AO pun OS ^
•6^-01 a

:
I

:" ! I
^

: : I

: : r'

: I

•SMS S

•6S<-8

I :

l« I

: I'

1 :

: : : I

: I

: : 1 : :
:- ::::::: I"

p.)l»)SioN

25

a:

|).i!Jat.jv: X

•p.-Hw)S 10X ^

rpwiiii.

)

pajBisiOK M

-



1903 REGISTRAR GENER'iL. CCVIl

r-.WO^ j



CCVlll THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. CCIX

•simoi g



ccx THE REPORT OF THE No.



1903 REGISTRAR GENERAL. COXl

c^«



CCXll THE REPORT OF THE No. a

o

b
a.

o

H

O
Ch

H
<)

Pi

o

m

W
H<

o
CO
W
CO
&
o



1903 REGISTRAR GENERAL. CCXUl

< T-

25 H

?"3

<
P



CCXIV THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL. ccxv



CCXVl THE REPORT OF THE No. 9

g I

5 I

S
I

3 I

I

P3<
CO !;l

o

>

C 3
<^

i'SQ en o O
* Effl

lists

T^ CO ^ric «

o sr o
C t, •- d

>r<M-^ira^r^x

y. u c

u c n

2-^ EC

. O cJ C

^ c ;; a A s c - clj ;

»-«WCOTpiC«t^3COiO

5 f-

fe3
!5 X 1) o

gaa^s

EZi^--!:5.2a=s



1903 REGISTRAR GENERAL.
ccxvu



ccxv
THE REPORT OF THE No. 9

<;

Q

c
CO
&3
02



1903 REGISTRAR GENERAL. CCXIX

.-I ^ o -« M r^ z*a* • • T^ r-t C^ M w

-

1

I : 1

-^
I

: I

1-trH I O

<<N • -r-.

ICO '(Ni-I 3C

.-« W 1 <x>

: I

.^^CiC*r^

• a) >,

C 3

: so
- -a-a M o o

H o s o

2 -?*=
a; o - f

£ -c-c•c-§s-a

£35"<:-<o

sis
m -_- 2

•a

o
s-

3^05

B c £

E'E j a t.

S

S|3
a 5 c

a ^ «

trj'o I'O

— « .5 (S C

'

1. 1- c= u '^ ;

: o

;5 c
(2 S

CO

Q poSiaQK;

-.55 J ^< a:
<
g
5

6

: bo

SO

h'b "3

goa S

3^E

- a)J3

P2S

a) 0; _
!fl t/: n;

O C O
^ ^ CO
G> o) o

<:j C o

J .3;

O-i——

>-(M«i-riotot^X' r lO '^ t^ 00 Oi o
Sooo

0*3

HO
'i



ccxx THE REPORT OF THE No. 9

0)

(0

9V

1

1

1>S

91

CI
Zl
6i
01
61

9

Ot
g

zi

s
a

I

1—

t

H
00

QQ

z
c
9

o*

:.in ze

i.6

zc

GZ

rit

19

sot

X : 5 3

5 iJ

25

•= M V * =•

j3 o t- u

S '^ -5S o
«i ;; X

o 5.
s s ., M >,::: ^

St i IJ - "

2 2 S X

:

I ^ C t"

: — c ^
: - 5-c



1908 REGISTRAR GENERAL. CCXSl



CCXXll THE REPORT OF THE No. 9



1903 REGISTRAR GENERAL.

ID

t-«eo '^

- 1*"
I

"l-i

:l«|
I" I

I"!
:|°'l

I : I

I : I

I" I

I" I

I'' I

I : I

: I

r,-s-=P

I : :

r1 : I

I : I

1"^!

I : I

I :|

I : 1

l-^l

I : I

I :|

•1 :| :-
I'' I

I :|
I :i

I :l

I : I

:l :|
I"!

I :

I : I

:|

:|" I

1"
I

: : I :l

I" I

:"::!•

I : I

I :

I : I

I :l

I :!

I"l

• 'Weji-i

CCXXlll

—.-H N

: 1

: I

n

et

I :" : I"

:" : !•

:" I-

: I

91

:i

2.

: :| :

;•"• ;•-< : •c*c*i-i It*
I

.n*-t I :>i

9

01
j

SJ. >

9e

Z6

19

. < : :

:2

u

,- ^ t

K *
: . (c

O
a

9 «=
-? ^ O t-

3

E













Dll^l^'*' ^^

p^'.'^.
"'^n

^%.,r^'^^f/.
"/»»




