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THE COMMISSION.

A. CAMPBELL.

Arthur S Hardy ) Province of Ontario : Victoria by the Grace of

Attorney-General pro tempore > ^od of the United Kingdom of Great Britain and

under R. S. O. cap. 13, sec. 3. I Ireland, Queen, Defender of the Faith, etc., etc., etc.

To John Charlton of the village of Lynedoch, in the county of Norfolk, Robert Bell of the

city of Ottawa, in the county of Carleton, William Coe of the village of Madoc, in the

county of Hastings, and William Hamilton Merritt of the city of Toronto, in the county

of York, Esquires, our Commissioners in this behalf. Greeting :

WHEREAS'in and by chapter seventeen of the Revised Statutes of Ontario it is enacted that

whenever the Lieutenant-Governor in Council deems it expedient to cause enquiry to be

made into and concerning any matter connected with the good government of our Province

of Ontario or the conduct of any part of the public business thereof or the administration

of justice therein, and such enquiry is not regulated by any special law, the Lieutenant-

Governor may by the Commission in the case confer upon the Commissioners or persons by

whom such enquiry is to be conducted the power of summoning before them any party

or witnesses and of requiring them to give evidence on oath orally or in writing (or on

solemn affirmation if they be parties entitled to affirm in civil matters) and to produce such

documents and things as such Commissioners deem requisite to the full investigation of the

matters in which they are appointed to examine, and .that the Commissioners shall then

have the same power to enforce the attendance of such witnesses and to compel them to give

evidence as is vested in any court of law in civil cases.

And whereas it has appeared expedient to the Lieutenant-Governor of our said Province

in Council that a Commission under the great seal of our said Province should issue for the

purpose of enquiring into and reporting upon the Mineral Resources of our said Province

and the Measures for their Development.

Now KNOW YE that we having and reposing full trust and confidence in you the said John
Charlton, you the said Robert Bell, you the said William Coe, and you the said William

Hamilton Merritt, do hereby by and with the advice of our Executive Council of our said

Province appoint you the said John Charlton, you the said Robert Bell, you the said William
Coe and you the said William Hamilton Merritt our Commissioners in this behalf to

enquire into and report upon the Mineral Resources of our said Province and the Measures
for their Development, giving to you our said Commissioners full power and authority to

summon before you any witness or witnesses and to require him or them to give evidence on
oath orally or in writing (or on solemn affirmation if such witness or witnesses is or are

parties entitled to affirm in civil matters) and to produce to you our said Commissioners such

documents and things as you may deem requisite to the full investigation of tlie premises,

together with all and every other power and authority in the said act mentioned and author-

ised to be by us confei-red on any Commissioner appointed by authority or in pursuance
thereof. And we do require you our said Commissioners forthwith after the conclusion of

such enquiry to make full report to our said Lieutenant-Governor touching the matters con-

cerning which the said enquiry is to be made, together with a return of all or any of the
evidence taken by you our said Commissionei's respecting the same.

To HAVE, HOLD AND ENJOY the Said office of Commissioners as aforesaid during the pleasure
of our said Lieutenant-Governor.

And we do appoint you the said John Charlton to be the Chairman of our said Com-
mission.

And we declare that it is our will and pleasure that Archibald Blue of the said city of
Toronto, Esquire, shall be the Secretary of our said Commission, and we do hereby appoint
him Secretary thereof as aforesaid.

^^^ (M.C.)



In testimony whereof we have caused these our Letters to be made Patent, and the Great.

Seal of our said Province of Ontario to be hereunto affixed.

Witness the Honorable Sir Alexander Campbell, Knight Commander of our most dis-

tinguished Order of St. Michael and St. George, member of our Privy Council for Canada,

etc., etc., etc., Lieutenant-Governor of our Province of Ontario, at our Government House,

in our city of Toronto, in our said Province, this sixteenth day of May in the year of our

Lord one thousand eight hundred and eighty-eiarht and in the fifty-first year of our Reign.

By Command,

(Signed) ARTHUR S. HARDY, Secretary.

THOMAS GALT, Administrator.

Arthur S. Hardy ) Province of Ontario : Victoria by the Grace of

Attorney-General pro tempore > ^od of the United Kingdom of Great Britain and

under R. S.O., cap. 13, sec. 3. j Ireland, Queen, Defender of the Faith, etc!, etc., etc.

To Archibald Blue of the city of Toronto, Esquire, Secretary of the Commission respecting

the Mineral Resources of Ontario and their Development, Greeting :

Whereas under the provisions of chapter seventeen of the revised Statutes of our Province

of Ontario we did by our certain Letters Patent and Commission under the great seal of our

said Province bearing date the sixteenth day of May in the year of our Lord one thousand

eight hundred and eighty-eight appoint John Charlton of the village of Lynedoch, in the

county of Norfolk, Robert Bell of the city of Ottawa, in the county of Carleton, William.

Coe of the village of Madoc, in the county of Hastings, and William Hamilton Merritt of

the city of Toronto, in the county of York, Esquires, our Commissioners to enquire into and

report upon the Mineral Resources of our said Province of Ontario and Measures for their

Development.

And whereas the Administrator of our said Province in Council deems it expedient that

you the said Archibald Blue should be associated with the said Commissioners in the said

work.

Now therefore know you that we having and reposing full trust and confidence in the

loyalty, ability, integrity and discretion of you the said Archibald Blue have constituted and

appointed and by these presents do constitute and appoint you the said Archibald Blue to

be a Commissioner for the purposes in our said Commission contained and recited, and do

associate you the said Archibald Blue for that purpose with the said John Charlton, Robert

Bell, William Coe and William Hamilton Merritt, hereby fully and effectually giving and

granting unto you the said Archibald Blue all and every the like powers given and granted

by our said Commission to the Commissioners therein named and to all intents and purposes

as if the said powers and authorities were herein and hereby particularly mentioned and ex-

pressed, and as if you the said Archibald Blue had been appointed by said original Letters

Patent and Commission.

And we do command the said John Charlton, Robert Bell, William Coe and William Ham-
ilton Merritt to receive you the said Archibald Blue as their said associate.

In testimony whereof we have caused these our Letters to be made Patent and the great

seal of our said Province of Ontario to be hereunto affixed.

Witness the Honorable Sir Thomas Gait, Knight, Chief Justice of the Common Pleas

Division of our High Court of Justice for Ontario, etc., etc., etc.. Administrator of our

Province of Ontario, at our Government House, in our city of Toronto, in our said Province,

this twenty-fifth day of July in the year of our Lord one thousand eight hundred and eighty-

eight and in the fifty-second year of our Reign.

By Command,

(Signed) ARTHUR S. HARDY, Secretary.



Report of the Commission upon

THE MINERAL RESOURCES OF ONTARIO

AND Measures for their Development.

To THE Honorable Sir Alexander Campbell, K.C.M.G.,

Lieutenant-Governor of Ontario :

The Commissioners appointed to enquire into and report upon the mineral

resources of the Province and measures for their development have to Scheme of the
enquiry.

state for the information of Your Honor that at their first meeting held in

the city of Toronto, after conferring with the members of your Government

on the nature and scope of their duties under the terms of the Commission,

the following scheme or plan of enquiry was agreed to, viz :

I. The geology of the Province, with special reference to its economic

minerals : assigned to Dr. Bell.

II. Detailed description and maps of the working mines and important

undeveloped mineral occurrences of the Province, together with all matters

which appertain to mining engineering : assigned to Mr, Merritt.

III. Trade in mineral products, showing exports and imports, shipping

facilities for ores, building stones, etc., and a general enquiry into the causes of

depression in the mining industry of the country : assigned to the Chairman.

IV. Information and suggestions on the subject of mining laws and regu-

lations, with a view to the giving of greater encouragement to our mining

industry : assigned to the Secretary.

V. An enquiry into the best means of promoting the metallurgical industrv
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E\idence of

wtnesses.

with special reference to the smelting of iron and other ores : assigned to

the Secretary.

VI. Other measures for the aid and encouragement of the mining and

metallurgical industries, embracing : (1) The organisation of a bureau of

mines for the Province
; (2) the founding of a geological and mineralogical

museum
; (3) The collection and publication of mining statistics

; (4) Tech-

nical instruction in its relation to mining and metallurgy. The first of these

subjects was assigned to Dr. Bell, the second to Mr. Merritt and the third

and fourth to the Secretary.

It was also agreed to as part of the scheme of the report that the evidence

of witnesses should be arranged as far as practicable under the foregoing

heads, so that each subject or section should be complete in itself and that

the distinctive features of the evidence of each witness might appear in their

natural and appropriate relation.

hearing
evidence

Sessions of the Commission for hearing evidence were held at thirty-seven

Sessions of the places in the Province, from Ottawa in the east to Rat Portage in the
Commission for

west, and ore hundred and sixty-four witnesses were examined under oath,

comprising among their number explorers, prospectors, miners, mine and

quarry owners, mine captains and superintendents, mine brokers, mining

engineers, civil engineers, land surveyors, geologists, assayers, chemists, metal-

lurgists, scientists, iron founders, brick makers, tile, terra cotta and pipe

manufacturers, iron makers, copper and nickel smelters, mechanics, lawyers,

bankers, merchants, capitalists and speculators. Mines, mining locations and

works in the vicinity of places where the Commission met were examined, and

careful enquiry respecting them was made.

Several other important districts and places were also visited by members

of the Commission, with the object of procuring special or desirable informa-

tion. The extensive magnetic iron ore range in the region west of Lac-de-

milles-lacs and the Black Bay lead region on lake Superior were explored by

Dr. Bell, while Mr. Coe, Mr. Merritt and the Secretary made a journey to

the iron ranges in northern Minnesota, near the Ontario boundary. Mr.

Merritt also visited the Michigan School of Mines at Houghton. The Chair-

man and Secretary in the latter part of 1888 visited the Columbia School

of Mines in New York, the office of the Geological Survey at Washington,

Special
information.

I
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and furnaces and steel works at Pittsburg, Pa., at Chattanooga, Tenn.^

and at Birmingham, Alabama. Another object of the visit to Birmingham

was to enquire into the merits and witness the operation of the Henderson

process for eliminating sulphur and phosphorus from iron and converting

it into steel. An accident to the machinery prevented their observing

this process, but they were fortunate in arranging for a careful test and

report upon it to be made by Mr. Garlick of Cleveland, Ohio, a metal-

lurgist whose experience in the manufacture of iron extends over a period of

twe!nty-five years. His report appears in the Appendix. The Secretary also

visited during the summer of 1889 the laboratory of Mr. Edison at Orange,

N. J., to witness the operation of an electrical machine invented to purify and

concentrate magnetic iron ores, the Sheffield Scientific School at Yale College,

and several iron furnaces and mines in the vicinity of Port Henry on lake

Champlain.

The data of the report are original and historical. The Commission has not

followed in the footsteps of others, but has pursued the course marked out for On^nai and
' ' ' historical data

itself, and it professes to present no inference, opinion or statement of fact

which is not warranted by the evidence, the study and observation of its

members, or the testimony of the highest authorities.

In the Section devoted to the geology of the Province a systematic account

is given of each one of its rock formations. This part of the report could not Sketch of the
geology of the

be prepared without employing geological terms, but the simplest expressions
^'^o""*^^-

have been used and a glossary of many terms has been appended in order

that it may be the more easily read by persons unfamiliar with geological

science. To make the description more complete and intelligible, it has been

deemed necessary to sketch some of the general geological features of North

America beyond the borders of Ontario and to touch upon a few of the

leading characters in connection with its geology. The aim throughout has

been to make a statement of facts only, disregarding everything of a purely

theoretical character. This Section has been written with the advantages of

a full knowledge of the work of the Canadian Geological Survey from

its inception up to the present time, and it embodies the results of the

latest researches not only of members of that service but of various other *

investigators. In its preparation advantage has also been taken of any

new or hitherto unpublished information known to the writer.
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The reports of the Geological Survey of Canada, although of much value

Early sources of for reference as to details in the various Provinces, are too numerous and too
infomntion are

" voluminous for the use of any one who can spare only time to acquire a general

acquaintance with the geology of his own Province. Moreover as these

reports extend back through a period of nearly half a century, most of them

are inaccessible to the public, and much of what was stated in the

earlier volumes has been superseded, modified or largely supplemented by

more recent investigations. The limits of the Province having been recently

extended far beyond those which were formerly recognised, any previous

account of its geology would now be incomplete, even if the data in refer-

ence to the added territory had been available. But no pretence is made to

cover the field in this work. A full account of every branch of the subject

or of any locality has not been attempted ; that would occupy several volumes,

and the aim of the Commission has been to present in compact form infor-

mation upon all matters coming within the scope of its inquiry. The geo-

logical Section however embraces the most recent and the best established

views on all points, and gives prominence to the Archaean rocks, which cover

Special promin- the greater part of Ontario as now bounded, and which are important from the
ence ariven to

bearhiglorma-
Occurrence in them of various economic minerals in the Huronian and Upper

tions.

Laurentian systems. The description of the various formations of the Cam-

brian, Silurian and Devonian systems is briefer, the fullest account being

reserved for those which are richest in minerals. Such are the Animikie,

yielding silver ore ; the Nipigon, in which native copper occurs ; the Trenton,

which produces petroleum and natural gas ; and the Onondaga, which holds

the beds of salt and gypsum.

The classification of rocks which has been followed is that of the late Sir

William Logan, the accomplished founder and for twenty-seven years the
Classification of

ogy'^of the
^^°' director of the Geological Survey of Canada, The geology of the mining

mining districts.
. r> i -n •

districts is described in greater detail than that of other parts of the Province,

and the geological relations of some of the principal mineral products are

given as examples to illustrate their general character in the districts referred

to. Additional facts on these subjects are mentioned in the Section on mines,

especially on the occurrence of iron ores and phosphate of lime in the eastern

fnTirraat?on"''''
part of the Province, and much new information available for these purposes

has been collected by the Commission or supplied by the testimony of wit-
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nesses. A supplementary account of the geology of the Sudbury district and

of the mining operations there, brought down to the month of October, 1889,

is given in the Appendix.

A practical business basis has now been reached in the development of a

number of our minerals, as for example in the production of salt, petroleum, Minin-opera-
^ tiona on a busi-

phosphate, mica, cement, gypsum and building stones, and in the manufacture makin^siow
progress.

of brick,, terra cotta, tile and sewer pipe. The silver and copper and nickel

mines are also being worked with much skill and energy, and at the few loca-

tions where deep shafts have been sunk and galleries have been driven the

existence of large ore bodies has been demonstrated. Iron mining has been

intermittent hitherto, but its operations will doubtless assume a permanent

place as a source of one of our largest mineral products when we shall have

the steady demand of a home market to provide for, besides such foreign

markets as we may be able to secure. It may also be confidently hoped that

gold mining will become one of the established industries of the country,

especially if attention be given to our refractory ores and should the economic

treatment of them be satisfactorily solved.

The cost of mining machinery, much of which is not yet made iu Canada,

is a matter of common complaint with mine owners, as is also the high some losses of

advantage speci-

freight charges on machinery, supplies and ore ; but these are losses of advan- *'®'^-

tage which the enlightened good sense and liberality of our Governments

and our railway companies may be expected to overcome. In no other way

can a country add more directly to its wealth, than by raising and utilising its

minerals, assuming it to possess them in commercial quantities ; for not only

are manufacturing industries of many kinds created to treat them, but the importance of
the industry.

raw material may itself be said to be created by the labor expended in search-

ing for and mining it. Whatever lessens the cost of raising minerals and

whatever facilitates their shipment to the best markets are the most obvious

means of aiding the industry ; and in so far as governments can remove

burdens imposed by themselves, or reduce the cost of carriage by building or

granting aid to build roads or railways, they to that extent make the success

of mining operations possible.

Explorers and prospectors are the pioneers of mining enterprise. They have

already proven that our Province contains almost all of the economic minerals
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in workable quantities except coal, and that it has vast possibilities of mineral

wealth. Yet the tolls upon trade and the want of facilities for cheap trans-

portation are a hindrance so serious to the employment of capital that a number

of the most promising of known mineral properties are either lying idle or

are being worked in the face of great odds. Encouragement of the industry,

Office and duty not its discouragement, is the office and duty of governments. Explorers,
of governments
in relation to the prospectors and miners deserve iust consideration and liberal treatment.
industry. ^ '^

•'

Mineral lands should be held for development, not for speculation. Mining

enterprises should not be weighted with restrictions imposed by trade policies,

and should as far as possible consistently with a fair consideration of the

claims of all other interests of our country be secured the advantages of the

home markets. Confidence in mining as a business should be established by

yearly reports of progress made and work done. To instruct, to inform, to

ascertain and publish facts, to lighten the industry, to enlighten the men

employed in it and deal with them in a generous spirit—such, in the opinion

of the Commissioners, is the true national policy for governments to pursue

in promoting the development of our mineral resources.

The evidence that Ontario possesses great mineral wealth is abundant,

Mineral and is constantly accumulating. Tn the central and eastern counties are
resources of the
Pro\ince enum- magnetic and hematitic iron ores, gold, galena, plumbago, arsenic, mica,

fibrous serpentine, apatite, granite, marble and freestone. In the Sudbury dis-

trict copper and nickel mines are being worked on a large scale. In the town-

ship of Denison rich specimens of gold-bearing quartz and extensive deposits of

copper and nickel are found. Along the north shore of lake Huron, from

the mouth of the French river to Sault Ste. Marie, gold and silver-bearing

veins, iron, copper, galena and immense quarries of marble have been

discovered. North of the height of land and extending towards James bay

prospectors report a promising mineral region. North ot lake Superior loca-

tions of gold, silver, copper, iron, galena, plumbago and zinc ores have

been taken up, besides which there are inexhaustible supplies of granite,

marble, serpentine and sandstone. West of Port Arthur is a silver district

which, judging from the explorations already made, promises to be an

argentiferous region of great richness. Beyond this district, to the north-

west, are found veins of gold-bearing quartz and extensive ranges of magnetic

iron ore, while to the southwest is believed to be a continuation of the Ver-

milion iron range of northern Minnesota. The partial examination already

made inspires the hope that here will in time be developed an iron

region of great value. Upon Sultana island and other islands in the Lake-

of-the-Woods, and in the region adjacent tothat lake, gold-bearing veins of
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good promise have been discovered, and now that the question of title has

been settled an early development of some of the properties may be looked for.

But knowledge of the extent of our resources is necessarily imperfect. The

area of the Province is vast, many districts have not been prospected at all,

and therefore it may be reasonably presumed that only an inconsiderable

portion of our mineral wealth is yet known to us.

But notwithstanding the extent and variety of our mineral resources,

the statistics and tables presented in Section iii show conclusively that in

Ontario as well as elsewhere in the Dominion the mining industry is Relative pro-
duction of C»-

making slow progress. The value of the metallic and non-metallic mineral
^nlted^statls

products of Canada for 1887 was $11,896,793, whereas the value of the

same class of products in the (Jnited States in that year was $542,284,225,

being nearly four times greater in the latter than in the former country per

head of population.*

The United States is the principal customer of Canada for products of

the mine, the value of our exports to that country for the seven fiscal years Evidence of a
natural com-

1881 to 1887 being $18,567,710, while to all the rest of the world it was only
^g^twlen^can^a

$4,828,313. The value of the mineral exports of Ontario alone to the United
l^^j^*"

^'""'^""^

States for the twenty fiscal years 1869 to 1888 was $14,329,330, and to all

the rest of the world it was $3,342,894. These figures present in a striking

light the natural commercial affinity which exists between the two great

Anglo-Saxon divisions of the continent, and open a field of speculative

enquiry as to what might have been the volume of the business if trade

restrictions had not clogged its movement. The great store of ores

and structural materials possessed by Canada and the transportation

facilities by land and water for placing them upon the markets of the United

States could not fail to have built up a trade of immense extent in mine

and quarry products but for the duties which have served in a more or

less perfect degree the purpose of preventing commercial intercourse.

Everywhere among men interested in mining operations, with the excep-

tion of those engaged in producing and refining petroleum, the Commissioners

have met with expressions of an earnest desire to see the American markets . , ^ .

l.euer;\l desire

opened to the admission of Canadian minerals free of duty upon terms equally freer ml^ket"*

fair to both countries. The amount of iron ore exported from Canada for

* The table of the Canadian Geological Survey includes in the list of mineral products
such articles as brick, charcoal, coke, fertilisers, glass and glassware, iron, iron ore, pottery
ware, sewer pipe and tile, steel, sulphuric acid, terra cotta and tile, but as these are not
embraced in the United States table their value is struck out of the Canadian total so that
a fair comparison may be made. The statistics of 18SS sliow that the value of the metallic
and non-metallic mineral products of Canada in tliat year was §12,048,421, and of the United
States 8584,550,676, being for the former country 8151,628 and for the latter 842,266,451 more
than the value of their respective products in 1887. See Appendix N.
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the fiscal year 1888 was 13,544 tons, valued at $39,595, all but ten tons

of which was mined in Ontario and exported to the United States.

For the calendar year 1888 the shipment of iron ore from the lake
The Ontario,

*' ^
Michigan Wis- Superior mines of Michigan, Wisconsin and Minnesota to lake Erie ports
consin and Mm- J^ o ' f

Zn°es\on" amounted to 5,023,279 long tons, or three hundred and seventy-five

times as much as the entire export from Canada. This ore was worth

$15,000,000 at the ports of shipment; about $6,000,000 was earned by

the lake marine in its transportation to lake Erie ports, and a large but

unknown amount by the railway companies over whose lines it was carried

to furnaces at Pittsburg and elsewhere. For the calendar year 1889 the

total output of the lake Superior mines was 7,292,754 tons, showing an

increase in ten years of 5,917,063 tons, or 430 per cent. Ontario undoubtedly

possesses large quantities of iron ore that might be delivered at all the

furnaces of Ohio, Pennsylvania and New York as cheaply except for the

duty as the ores of lake Superior, but her mines are almost absolutely idle.

The increase in the world's production of iron from 1800 to 1888 has

been nearly thirty-fold, it having grown from 825,000 tons in the former

to 23,194.500 tons in the latter year. Of the product of 1888 Great Britain

Canada's insig- furnished 34 per cent, and the United States 28 per cent. The world's
niiicant share in

the world's min- product of stocl for the Same year was 9,630,477 tons, and of this amount
era! and metal-
lurgical produc- Qreat Britain furnished 35^ per cent, and the United States 30 per cent.

Yet in the vast movement of industrial forces connected with the manufacture

of iron and steel, over three-fifths of which centres in Great Britain and the

United States, Canada has relatively an insignificant part, its total amount

of wrought and puddled iron in the calendar year 1887 being only 31,501

tons and of steel 7,326 tons, while its make of pig iron in the fiscal year

1888-9 was only 24,822 tons.

Our situation naturally suggests comparison between ourselves and our

neighbors, and when we observe the rapid increase of mineral development in

the United States, the great stream of capital flowing in upon the mining dis-

tricts of the north and south, and the transformation of regions but lately

almost uninhabited into scenes of industrial activity, the conclusion seems

to be irresistible that if we could succeed in directing enterprise to our

own mineral districts results of like kind would surely follow. More

Progress of the than one-half of the capital now invested in the mines and mineral properties
industry under
free conditions, of this Province is held by Americans, in spite of the repellent conditions

imposed by trade policies upon both sides, and the extent to which it might

further be attracted may be conceived by observing the growth of the

industry in neighboring States.
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The numerous complaints heard by the Commission respecting the min-

ing laws of the Province made a careful enquiry into that subject necessary,

and in addition to the information given and the suggestions offered by many

witnesses the mining laws and regulations of the principal countries of the Mining laws of
® ^ -^ ' the Province.

world have been examined and digests of them prepared, so that our own

laws might be considered in the light of a wide experience. It does not ap-

pear to your Commissioners however that very radical changes are demanded.

The provisions of the Act which relate to " mining claims " are found by

experience to be unsuited to the occurrence of minerals in this Province,

where no alluvial deposits of minerals are known to exist, and it does not

appear that any properties are being secured under them. It is only in the

provisions which relate to " mining locations " that changes in the law are

felt to be desirable.

The custom of terming a mining location a mine is itself misleading and

mischievous, and unfortunately the terms are synonymous as defined by the

Act. Mining men and capitalists have not infrequently met with disappoint- Mining locations
and mines used

ment in this Province by being brought to see a " mine " which has turned as synonymous

out to be only an undeveloped location, and to prevent the recurrence of such

mistakes it is desirable that the term should be clearly and accurately

defined.

The prospector and the explorer have special claims for consideration at

the hands of the Government, for without their services many years may

elapse before the mineral riches of the country are made known. They Prospectors and
* '' '' explorers.

should have easy access to sources of information
;
geological and topographi-

cal maps of the territory they propose to examine should be placed in their

hands if available ; records of every transaction in mining locations should

be open to their inspection, and they should be permitted to file and prove

claims at the local agencies. The right of staking out claims might also be

conceded in unsurveyed districts, under proper regulations. But in all cases

it is desirable that proof of discovery of a mineral vein or deposit within the

limits of the location applied for should be furnished before a claim is filed.

The extent and number of locations which one person or company may claim

or hold cannot easily be regulated in practice, and while in all cases the tenure

of mineral lands should be subject to working conditions, it does not seem to

your Commissioners that a wise or useful purpose can be served by a

provision the effect of which would be to bar the profitable invest-

ment of capital. One strong company, if not hindered by a too narrow Extent and
number '>f loca-

area, may employ more men and raise more minerals than half a dozen tions. and vrork-

ins: conditions.

weaker concerns. But prospectors, explorers and miners deserve to be

encouraged in the acquisition of locations of small area, and if their con-
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veniences are better suited with the privilege of buying forty or even twenty

acres instead of the present minimum of eighty acres, subject to working

conditions, the country stands to gain rather than to lose by the sale of the

smaller area.

The Commissioners have been impressed with the danger which threatens

one of the chief sources of revenue possessed by the Province in prospecting

for minerals. They were struck with the appearance of many scenes of

desolation where forest fires had swept over wide districts, leaving blackened

tree trunks and fire-scorched wastes in the place of hills and valleys once

Danger of forest covered with valuable timber. The loss to the Province from this cause has
fires in prospect-
ing forminerals. reached many millions of dollars within the last thirty years, and constant

danger of further disaster attends the business of prospecting for minerals in

the forest regions. Moss and leaves often conceal mineral veins, and in addi-

tion to the danger arising from carelessness there is reason to believe that

unscrupulous persons sometimes set out fires and burn valuable tracts of timber-

land merely to facilitate their own work of search for minerals ; and still

oftener fires are started by the carelessness and even recklessness of sports-

men, tourists, missionaries, surveyors and others. This new danger

to our forest wealth is one which may well engage the attention of the

Government and the Legislature, and perhaps there is no simpler plan of

keeping a check upon prospectors and explorers than to require each one to

take out a license at the nearest land ofiice, upon payment of a nominal fee,

granting him permission to search for minerals within a district of defined

boundaries.

The Act contains no provision for the health and safety of miners, and

Health and although no law can ensure workmen against the occurrence of accidents or
safety of miners,
andcoUection of the effects of foul air, it is none the less necessary that every possible precau-
wages. J ^ r L

tion for their health and safety should be taken. Neither is there any provi-

sion for the recovery of claims against employers, such as is found in the

mining laws of many other countries, but it may be that the general statutes

afford sufficient facilities to mine-workers in the collection of wages without

special provision being made to suit their particular circumstances.

The mining industry may be carried on in a country, as it is in many

sections of countries, without the smelting of metallic ores being undertaken.

Mining and Great Britain imports large quantities of iron ores for her furnaces from
smelting of iron
ores. Spain, Elba, Sweden and elsewhere, and almost the whole of the iron ores

raised in the mines of the lake Superior ranges are shipped to furnaces in

Chicago, Detroit, Cleveland, Pittsburg and other centres of iron-making in

the United States. This practice has the advantage of enabling iron masters
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to make mixtures of ores suitable for free smelting, as well as to produce

the various grades of iron required by the manufacturers. But wherever the

conditions are favorable, mining and smelting may be carried on most advan-

tageously as the complements of each other. If suflGLcient supplies of fuel,

flux and a suitable quality of ore are found close together, the best location

for a furnace is at the mine, especially if there are facilities for shipping

the product to market. It is unquestionably in a country's interest not only

to smelt its own ores, but to refine and manufacture the metals, providing

always that the various operations can be carried on economically and with-

out taxing other interests indefinitely for their maintenance.

The history of the iron industry in Great Britain proves conclusively

that its growth and prosperity have depended upon a knowledge of

methods and processes. Towards the middle of the last century, before

mineral fuel began to be used in blast furnaces, the total yearly make of pig iron Growth and pros-
peritj- deperdentm that country did not equal the production of one furnace of medium on a knowledge
of processes.

capacity at the present'day. The industry was threatened with extinction,

from which it was saved by the genius of Abraham Darby, who discovered the

means of using bituminous coal as furnace fuel by converting it into coke.

He worked out the problem in the sweat of a sleepless brain, and the narra-

tive of his achievement is one of the most touching in the long story of the

triumphs of man over matter. Darby's discovery was the beginning of

Britain's career as the chief iron producing and iron manufacturing country of

the world, and she owes that position to the service of processes and appli-

ances begotten by the ingenuity of her sons. The cylindrical bellows

of Smeaton, the steam-engine of Watt, the puddling process and the

puddle rolls of Cort, the hot blast of Neilson, the steam hammer of

Nasmyth, the various processes of Huntsman, Heath, Bessemer, Mushet,

Siemens and others for the conversion of iron into steel, the utilisation

of furnace gases and the improvements in furnace construction, mark

every step in the progressive stages of the industry along its wonderful

course. And it is mainly upon a knowledge of processes and skill in

the use of them, conjoined with capital and prudent enterprise, that we must

rely if a prosperous and stable iron industry is ever to be established in this

country. We may begin with the best appliances, and with skill and capital

we ean start upon even terms with the iron men of the United States and

Great Britain. But we should begin right—with experienced management,

the best working plant, a sufficiency of capital, and not unmindful of the

wants of the home market or our trade relations with other countries. The

industry is of first class importance, and every proper means should be taken

to secure its establishment in Ontario.
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The course which a wise policy would naturally suggest is, to begin with

The prospect for whatever branch of the industry promises to give the largest profits and
making coke,

^ ® o f

anthracite, a,nd surest results. We have neither anthracite nor bituminous coal, and if one
charcoal pig iron '

in ntario.
^j, other of these fuels were used it would require to be hauled long distances

at a charge for freight dependent on our ability to furnish return cargoes.

Besides, the margin of profit on coke and anthracite iron is never large, and

the price is subject to frequent fluctuations as a consequence of the great

capacity of British and American furnaces to produce supplies. With char-

coal iron the case is different. The supply is limited, the demand is usually

constant, superior quality causes it to be indispensable for certain purposes,

and where ore, fuel and flux are found in proximity the margin of profit may

be regarded as fairly liberal. From data presented in Section v, some of

which have been furnished by metallurgists and others by iron masters or the

managers of furnaces, it appears that the cost of producing charcoal iron in

Ontario would be about $13.60 per long ton, the figures of ten estimates

ranging from $9.08 for a hot blast furnace of 60 tons daily capacity to $18.50

for one of five tons capacity. There is no charcoal iron made in Ontario

however, and all that is required for the manufacture of malleable castings is

imported from the United States at a cost ranging from $26 to $38 per long

ton according to quality—freight and duty paid. These prices ought to be

considered as affording a liberal margin of profit on the cost of production,

especially wheh the statement is made upon expert authority that a furnace

of 9,000 tons yearly capacity would earn ten per cent, on a capital of

$200,000 at a profit of $2.25 per ton of pig iron produced. Furnaces located

at favorable points should be able to supply the home market with all the

charcoal iron it wants, and, besides, keep out much of the poorer coke iron

imported from other countries. The iron masters might even hope to make

sales at good prices in the British and American markets, notwithstanding

the freight charges on shipments to the one and the high duties which guard

entrance to the other.

The most promising mineral works in the Province at present are the

mining and smelting of copper and nickel ores in the vicinity of Sudbury.

The Canadian Copper company began operations there in the latter part of

1886 and shafts were sunk on three separate locations, one of which had

reached a depth of over 500 feet at the close of 1889. The ore body is proven

to be very extensive, and large quantities have been raised at each of the

mines. One water-jacketed furnace was set up by this company in 1888 and

a second in 1889. Each has a capacity of smelting 120 tons of roasted ore

per day, producing a matte which carries about 13 per cent, of nickt;l and 18

per cent, of copper. Computed upon the basis of work in 1889, the annual

Mining and
smelting of
copper and
nickel ores in

the Sudbury
district.
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yield will average 500 tons of refined nickel and 700 tons of refined copper

per furnace, and for nickel alone this represents a market value of -$500,000.

During 1889 mining operations were commenced in the same district by the

Dominion Mineral company of Montreal and Vivian it Oo. of Swansea,

Wales, the latter being owners of the largest copper smelting and refining

works in the world. It is understood that furnaces are being erected hy

these companies at their respective mines, and that smelting operations will

begin at an early day.

The experiments recently carried on in England aiid Scotland with alloys

of nickel and steel, to which reference is made in Section v, cause great Alloys of nickel
and steel.

interest to be attached to Ontario's deposits of nickeliferous ores. If the

results already obtained are verified by further tests, and if the claims made

for the alloys are fully borne out by practical application in the metallic arts,

the importance of the inventions to this Province can hardly be over-estimated.

The ranges already discovered in the region north of Georgian bay are more

extensive than any which have been found elsewhere, and only a small por-

tion of the formation carrying nickel and copper ores has yet been explored.

It does not appear unlikely, indeed, that in spite of its unattractive aspect

this may prove to be the most valuable portion of territory in the whole of

Ontario, and your Commissioners vencure to recommend to your Government

the importance of carefully investigating its resources and encouraging by

every legitimate means their development. The construction of new railway

lines may be found necessary for opening new locations ; and possibly a

practicable scheme can be devised whereby not only the smelting of ores may

be carried on upon a large scale, but also that the matte may be refined in the

country instead of shipping it to distant places, and that our rich magnetic

ores may be utilised in the manufacture of nickel steel.

In order that the mineral resources of the Province may be successfully

and economically developed it is desirable that measures should be taken for

the practical and scientific training of all who may engage in the industry. f^Sntiftc k!'^

Prospectors and explorers are found to be very deficient in the kind of nJnfn^Tand

information which would enable them to prosecute their arduous labors to
"'*

'
"'^'"

the best advantage, and your Commissioners recommend for that purpose the

adoption of a scheme such as has been tried with gratifying results in the

colony of New Zealand, and fully explained in Appendix L. But for the

education of mining engineers and metallurgists a thorough system of instruc-

tion is called for, which can only be provided by establishing a School of

Mines or enlarging the course of studies at the School of Practical Science in

connection with the Provincial University. It is the opinion of your Com-

L
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Bureau of

mines, provin-
cial museum
and statistics.

missioners that if the duty of providing instruction of this character devolves

upon the Government the obvious plan is to take advantage of the means

which are available in the University courses of study, and to make such

additions of instructors and appliances as may be necessary for a thorough

equipment. And for economic and educational purposes of the first import-

ance your Commissioners further recommend the establishing of a bureau of

mines for the purpose of making a complete geological survey of the Province,

and a museum of geology and mineralogy to represent its rock formations,

minerals and metallurgical products, together with an efficient plan for the col-

lection of yearly statistics of the mining and metallurgical industries of the

Province, as indicated in Section vi of their Report herewith respectfully

submitted for Your Honor's consideration.

(Signed)

Toronto, April, 1890.

JOHN CHARLTON, Chairman.

ROBERT BELL.

WILLIAM COE.

WM. HAMILTON MERRITT.

ARCHIBALD BLUE, Secretary.



SECTION I.

GEOLOGY OF ONTARIO, WITH SPECIAL REFERENCE TO

ECONOMIC MINERALS.

The following sketch of the Geology of Ontario being intended for

the use of persons who may not be familiar with the technical terms of Technical terms,

geological science, the writer has endeavored to avoid these as much as

possible, but where it has been necessary to employ them their meanings

have been briefly given. For the same reason some elementary geological

explanations have been incorporated, and a short glossary of technical

words added at the end of the report, to save the non-scientific reader

the trouble of referring to geological manuals or text-books. On the other

hand, while this report will contain many new facts for geological readers,

they must expect lo find them stated in simple language. The limits

imposed on the writer have peraiitted only a brief reference to each part

of the subject, but it has been his endeavour to allot the space impar-

tially to all. If, therefore, those who may be most interested in any one

branch should find the description of it too short to satisfy them, they

must consider the claims of all the others. It is hoped that, should the

demand warrant it, a fuller report may be issued at a future time.

Owing to the uncertainty which has heretofore prevailed in reference

to the northern boundary of the province, it will be necessary in attempt- Bounds of the

ing a geological description of Ontario to state at the outset how far we

understand our territory to extend in that direction. For the purposes

of description we will assume that the Albany river is the northern

boundary all the way to the sea, and that a meridian line from James

bay to the head of lake Temiscaming, and the Ottawa river thence to

Point Fortune, constitute the eastern boundary.

In order to facilitate our description and to prevent repetition we
will here present a table, showing in their proper order all the divisions

of the rocks of the province. [See next page.]

Igneous or eruptive rocks may be of any geological age, and those which

occur in Ontario will be noticed in describing the systems or formations to Gaps in the

which they are supposed to belong. In the list of the table the divisions of the
^y***™-

rocks of Ontario are presented in their natural order of succession. It does

not by any means represent the complete geological scale, comprising only

the newest and some of the oldest systems. There is an enormous gap

between the Post Tertiary and the Devonian, which in a complete section

of the earth's crust would be filled up (in descending order) with the

Tertiary, Cretaceous, Triassic, Permian and Carboniferous. The whole of the
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DIVISIONS OF THE ROCKS OF ONTARIO.

In descending order.

Recent.

, Soils, Peat, Shell-marl.

Lacustrine and Fluviatile Clays, Sands, etc.

Pleistocene.

Post Tertiary.-/ Saugeen Clay, Artemesia Gravel, Algoma Sand.

Sand, Gravel and Shingle of the country north of the Great Lakes.

Erie Clay, Calcareous and Non-calcareous Clays north of the Great Lak

Boulder-clay, Drift or Till.

Devonian ,

Silurian

Palmozoic.

Chemung and Portage.

Hamilton Formation.

Corniferous Formation.

Oriskany Formation.

Lower Helderberg Formation.

Onondaga Formation.

Guelph Formati<)n.

Niagara Formation.

Clinton Formation.

Medina and Oneida Formation.

Utica Formation.

Trenton Formation.

Black River and Birds-eye Formation.

Chazy Formation.

^ Calciferous Formation.

Cambrian -! Nipigon

( Potsdam Formation.

i Nipigon Formamation.

Animikie Formation.

HURONIAN.

IjAURENTIAN {

Azoic or Archfrau.

Upper (?) Huronian Formation.

Lower (?) Huronian Formation.

Upper Laurentian Formation.

Lower Laurentian Formation.



geological scale is not found in any one region of the surface of the earth,

but the order of succession has been ascertained by tracing the connection of

one with another, principally by the aid of the fossils or organic remains which

they contain. Between the time of the deposition of the highest or newest

of our Davonixn rocks and the oldest of the Post Tertiary a vast interval

elapsed, during which this part of the world may have been dry land and

little or nothing m^y have been deposited upoa it. But it is far more likely

that rocks of some, at least, of the systems now wanting were laid down

which have long since decayed and disappeared through the action of denud-

ing agencies; while elsewhere the conditions have been more favorable for

the preservation of some of them in one country and others in another.

In describing the rock-for.nations of Ontario we propose to begin at the

bottom of the scale, or with the oldest, and proceed in the natural order
^ions°.°"^*

'^'

or that of their age. First, however, a few words may be necessary in regard

to the terms employed and the names of the divisions themselves.

The term ' system ' in geology is used to designate great series of

strata characterised by such similarity that they may ' stand together,' as sj-item.

the word implies. In the Azoic or Archaean division the rocks themselves

comprising a system have certain points of resemblance in common, while

among the fossiliferous strata each system is recognised by the remains of

some prevailing forms of animal or plant life. The systems are intermediate

in comprehensiveness between the periods or ages and the formations, each

system usually comprising several formations.

The 'formation' constitutes, as it were, the unit in the geological classi-

fication or grouping of the rocks. Among fossiliferous rocks each formation Formation,

comprises strata which may be distinguisbed from all others by their organic

forms, most of which are peculiar to such formation. Non-fossil iferous forma-

tions comprise rocks which have a recognised position in the scale, or which

possess some strong points of resemblance sufficient to distinguish them ; or

they consist of rocks which have been formed under similar conditions and,

as far as can be ascertained, at about the same time. Unfortunately the

term formation has been employed by some geologists rather loosely, or

without a uniform and definite signification, and of late years an attempt is

being made to give it a more extended meaning, by which it would take

the place of the well-established term 'system.'

The word 'group,' which is so often used in geological language, is

another which does not yet enjoy a universally established meaning. Here Group,

tofore Canadian geologists have been accustomed to use it as intermediate

in comprehensiveness between system and formation. Thus we spoke of

the St. John group, the Quebec group, the Trenton group, the Anticosti group, ^
each embracing a number of formations. At the present time some European

geologists are seeking to give the term a larger signification, equivalent to

system, or even period.

But the word which has been used most loosely of all in geological

language is 'series,' which is still made to do duty wherever there is any s®"®*-

uncertainty as to the rank of any set of rocks.

I



In regard to the proper names for the various divisions of our rocks the

late Sir William Logan, when he undertook the geological survey of the pro-

vince of Canada in 1842, wisely foresaw the advantage of adopting the

Oatario names names already in use in the state of New York, adjoining us. In this way

Formations. there was no confusion, and everyone understood without further explanation

the positions of our various formations as described by Logan under these

names. Geological formations are distributed in the crust of the earth

without reference to national boundaries, and true geologists are the most

cosmopolitan of men, the whole earth being their field of research, as the

very name 'geology' implies. The New York state and other American

geologists had adopted the names for the systems which had been given in

England, such as Cambrian, Silurian, Devonian, Carboniferous, etc., but as

the subJivisions or formations in America could not be closely correlated

with those of England, local names had to be adopted. Most of the forma-

tions of Upper and Lower Canada were found to be continuous with those

of the adjoining states, so that the names for these were applicable on both

sides of the international boundary line. In a few cases, such as that of

the Hamilton formation, named after the village of Hamilton in Madison

county, N.Y., some misconception hag arisen from the supposition that the

name is derived from our own city of Hamilton. Professor Chapman has

proposed the alternative name Lambton formation, as it occurs chiefly in

Lambton county in Ontario. One of our Ontario formations, the Guelph,

is not represented in the state of New York, and the name which it bears

was proposed for it in 1861 by Dr. Bell, of the Geological Survey, after the city

of Guelph, which is built upon it. The name Nipigon was proposed by the

same gentleman for one of the lake Superior formations, on account of its

local importance and peculiarities, and because of a doubt as to its equivalency

with any of the formations which had been already named.

The Saueeen Clay, Artemesia Gravel, Algoma Sand and Erie Clay, the

names of which were also proposed by Dr. Bell, and adopted by Sir William

Loo-an in the ' Geology of Canada,' constitute formations which are distin-

o^uished mainly by the characters of the deposits themselves, although organic

remains have been found in some of them. The name Animikie, for an impor-

tant formation on the north-west shore of lake Superior, was proposed by Dr.

T. Sterry Hunt in 1871, two days before Dr. Bell had suggested Lower Nipigon

for the same formation, and the former term has been retained. The terras

Huronian and Laurentian were given by Logan and Hunt early in the history

of the Geological Survey, and have been followed by geologists, not only for

Canada, but in all quarters of the globe where rocks of corresponding systems

exist. About the same time the name 'Lawrentian' was suggested by another

creolocist for the Post Tertiary clays and sands of Vermont and Lower

Canada but it was soon after dropped, these deposits becoming known as the

Ohamplain clays and sands.

Other names for some of the systems and formations represented in

Ontario have been more or less employed by geologists, and these will be

mentioned in the more detailed descriptions to follow ; bat in order to pre-

serve simplicity they have not been given in the table.



GEOGRAPHICAL DISTRIBUTION.

Before proceeding with an account of the geological or lithological nature

of each of our formations and of their economic minerals, we shall give a

brief outline of the leading geographical features of the principal divisions,
f^^^^^^f^ll''^}^.

Along with the descriptions of the individual formations, the areas which i«jricai divi-

they severally occupy will also be given in sufficient detail. The Recent and

Pleistocene clays, sands, etc., are called superficial deposits, and the older

and harder rocks below them in Ontario may be termed the fundamental

rocks. The ordinary geological map of Canada represents the latter only,

as if the superficial deposits did not exist. It would be difficult to show

both at the same time, as these deposits are spread independently over all the

older rocks alike. A separate map for the superficial deposits therefore

became necessary, and such a map was prepared by Dr. Bell and published

in the atlas which accompanied the Geology of Canada in 1863.

In order to form a clear idea of the general features of the geology of

Ontario it will be desirable in our introductory remarks to go beyond the structure of

. the continent,

immediate borders of the province, and consider for a moment some points

bearing on the structure of the continent.

The most northerly section of Ontario, or that bordering on the lower part

of the Albany river and James biy, resembles the most southerly portion, or The Hudso*

the peninsula between lake Huron and the lower lakes, in being underlaid by

almost flat-lying Silurian and Devonian rocks, while the great intermediate

tract is occupied by a part of the Azoic area which stretches to the Arctic

regions. Most of this tract consists of Laurentian gneiss, but between lake

Huron and James bay there is a very large district of Huronian rocks which

are of much importance an account of the economic minerals they contain.

The Palaeozoic rocks coming within the province in the northern or James

bay region occupy an area almost as great as those of the southern peninsula

of the province, while the whole extent of these rocks on the west side of

James bay is much greater. In both regions they are quite undisturbed,

except in a few local cases, and remain in the almost horizontal positions in

which they were originally deposited at the bottom of the sea. This is owing

to the fact that they have been protected from movement by the massive and

unyielding Azoic rocks that form the foundations on which they lie.

This protection has not been extended to the Palteozoic rocks of eastern

Pennsylvania and the region lying east of a line running up the Hudson Paleozoic jtiat*

river, through lake Champlain, and thence to the cicy of Quebec and down

the lower St. Lawrence. To the east of this line a mighty force, supposed

to be due to the gradual shrinking of the earth, has acted for ages from a

south easterly direction, and has caused the great undulations in the strata

that now form the Appalachians, the Green and White mountains and the

Notre Dame range, extending into the Gaspe peninsula. It has also produced

great dislocations or faults and overturnings of the strata. The Palaiozoic

rocks of both the northern and southern extremities of Ontario having been

sheltered from this force, their structure and geographical distribution are

simple and have been worked out with comparative ease.
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But the Azoic rocks are highly disturbed, and much more folded and

contorted than the Paheozoic strata of the east. As a rule the foldings have

been pressed together so completely that their anticlinals and synclinals have

taken the form of sharp A's and Vs, and the normal position of the strati-

fication is usually more nearly vertical than horizontal. The lateral pressure

which caused this has probably been due also to the shrinking of the whole

globe. Besides folding the Azoic strata in ohe manner described, this pres-

sure has developed in them a slaty cleavage, whenever their nature would

permit of it, and has also aided in producing their prevailing crystalline

texture. But all this took place before the formation of the Palseozoic strata*

which rest almost horizontally upon the truncated edges of the crystalline

rocks.

The unaltered fossiliferous beds of southern Ontario form part of a great

Paleozoic region which stretches over most of the northern states, while

those of the northern extremity of the province appear from their fosfeil

evidence to have been deposited in a part of the ancient sea which must

have been separated from the main body much as Hudson bay is now
separated from the Atlantic ocean.

THE AZOIC PERIOD.

This great division is so called because, as yet, no trace of either animal

or plant life has been found in it. It is also termed the Archfean period or

age. In Ontario the rocks which belong to it may be grouped under the

Laurentian and the Huronian systems, although other divisions have from

time to time been proposed for some of them. These two divisions are con-

sidered sufficient by many geologists for the Azoic rocks of the whole world.

Without taking local peculiarities into consideration, the primitive rocks of

all countries may be classified under one or other of these great systems, evtn

if subordinate divisions should be found convenient in some localities. The

characters and proportions of the different rocks which make up the Laurentian

xnd Huronian are naturally found to vary much in diflferent regions, although

they are everywhere essentially the same systems and retain the same relative

positions, representing similar conditions in the geological history of the globe.

They form the foundations of the crust of the earth as far as we can observe

or penetrate it, and are easily separable from any rocks lying above them.

Their crystalline characters and generally disturbed condition are their dis-

tinguishing features. At the same time it is true that, in some instances,

newer rocks have been so altered locally or even over considerable tracts as

to resemble the Azoic, but we generally find some means of distinguishing

between them. In Canada and the United State.«! the Laurentian and

Huronian are usually intimately associated, but their lithological features,

or the internal characters which distinguish rocks from one another, are

sufficiently distinct to separate them. As they are for the most part included

in one great area they must be to some extent described together.

The Azoic rocks of Canada have been represented as extending from

the region of the great lakes in the form of two arms, one stretching north-

eastward to the Atlantic coast of the L ibrador peninsula and the other north-

westward to the Arctic sea, east of the mouth of the Mackenzie river, the



intervening space being filled up with Palaeozoic rocks. Further light on the

subject has, however, shown that the geographical outline of tliese rocks takes

the form, approximately, of an immense ellipse which includes the north-

eastern part of the continent, Baffinland, Greenland and many of the

islands of the frozen sea. It comprises the whole of the Labrador penin-

sula, measuring a thousand miles each way. On the other side its

boundary runs, with a westward curve, from lake Winnipeg to Coronation

gulf, another thousand miles, with a spur towards the mouth of Mackenzie

river. The Palaeozoic rocks of Hudson bay form a sort of broken fringe around

that inland sea, and a belt of them extends thence northward across some of

the islands to the Arctic ocean. The geographical depression of Hudson

Taay, to which the rivers flow from all sides, forms the central drainage basin

•of this Azoic area of North America, and its origin is of very ancient geologi-

cal date. At various periods of the earth's history it was probably covered

by waters more or less separated from the outer ocean, and the newer rocks

in its centre were deposited from these in the same way that deposits are

forming in the bottom of the bay at the present time.

Although the .superficial continuity of the Azoic region just described is

broken in many places by channels of the sea, and by outlying patches of

Palaeozoic rocks, it may be regarded as practically one area of compact out- Nucleus of the'JO
. .

continent.

line, and it forms the nucleus upon which the rest of the continent has been

built. On the east it falls abruptly into the deep ocean, but on its landward

:sides it is flanked by the formations which have been successively deposited

around it. The further we recede from it the newer the rocks become, till in

one direction we reach the Rocky mountains, which have broken up through

a vast thickness of these suiiceeJing strata.

As a rule the Huroniau rocks are less contorted or corrugated on the

•small scale than the Laiirentian, but on the lai'ge scale they partake of the

same foldings which have affected the latter. At one time they -jrere supposed

to be less abruptly bent into anticlinal and synclinal forms, but this appears

to have been a misconception, due to the fact that some of the highest beds

happened to have been first studied in a district that is less disturbed than the

average. In other localities some of the Laurentian rocks are quite as little

disturbed.

The greater part of the mixed Laurentian and Huronian region belongs

to the former, and of it the Lower Laurentian is the prevailing type.

As represented on a map, the Huronian occurs in the midst of the Lauren- a rearion of

tian in the form of more or less completely separated areas, or with dan^and^Hurou'

straggling connections between them. They seem to be in a manner inter-
"'"'°'^'^-

woven with the Laurentian as basins or troughs more or less elongated,

and as tracts of angular and other forms filling spaces between great nuclei or

rounded areas of Laurentian rocks. Patches of Huronian strata of com-

paratively small size are numerous throughout this vast Azoic region

of the north-eastern part of the continent, and in addition to these there

•are a few of great extent. One of them is on the north-west side of

Hudson bay, and appears to stretch far inland. Another lies to the north

and north-east of lake Huron, reaching from the east end of lake Superior



almost to lake Mistassini, a distance of 600 miles. In Wisconsin and Michi-

gan also considerable areas exist, and in the country between lake Superior

and lake Winnipeg Huronian rocks of many different basins are largely mixed

with the Laurentiau, constituting perhaps one-third of the whole area. In

the country between the northern extremity of lake Winnipeg and Hudson

bay the writer has described a Huronian trough 180 miles in length, and Mr.

A. S. Cochrane found these rocks between the Saskatchewan and Churchill

rivers and largely developed on the north side of lake Athabasca.

THE LAURENTIAN SYSTEM.

We have given the above brief account of the relations of the Laurentian

and Huronian systems to each other, and of the distribution of the two in

north-eastern America, in order that the reader may the better understand

what is to follow in regard to the rocks that occupy the greater part of

Ontario as now extended. The country formed by these two systems is

sometimes referred to as the Laurentian region, but it is more correctly called

the Azoic or Archaean when areas of both classes of rosk are included. We
shall now proceed with a short description of the Laurentian alone.

As indicated in the table already given, the Laurentian system has been

divided into two formations, the lower of which is sometimes also called the

Lower Lauren- Primitive Gneiss series. The differences between them can be best pointed
tiau or Primitive

, , , ...
Gneiss series, out after having described the Lower Laurentian. Both formations give rise

to the same kind of country which is so familiar to all Canadians. As a rule

it is hilly, but not greatly elevated above the sea, and full of lakes. Within

the regions which have been sufficiently explored to speak of with some degree

of certainty these amount literally to tens of thousands, and occupy a.

very considerable proportion of the whole surface, estimated in some sections

at one-third and even one-half of the whole area. The cause of the existence

of these lakes will be explained further on. The high northern part of the

coast range of eastern Labrador has not been glaciated, but almost everywhere

else there are unmistakable signs of this phenomenon. This has given rise to

the peculiarity of the Laurentian country which Sir William Logan has so

graphically described as mammillated. This vast hilly country, however?

cannot properly be called "the Laurentian range."

LOWER LAURENTIAN FORMATION.

The Lower Laurentian consists essentially of gneiss. In some localities

its foliated or stratiform character is obscure, and it may be called granitic

Lower Lauren- q^ gyenitic. The distinctly banded varieties differ from one another con-

siderably in the proportions of their constituents. True gneiss is defined

by lithologists to consist of quartz, felspar (orthoclase) and mica, but most of

the gneisses of both the Lower and Upper Laurentian contain horn-

blende, often in large proportion. These would be called hornblendic or

syenitic gneisses. The proportions of these minerals vary constantly, and

it is seldom that there is any great thickness having the same composi-

Gneissoid rocks, tion. One layer may consist chiefly of felspar and quartz, the next may

contain much hornblende or mica in addition, while a third may consist



largely of any one of these alone. These minerals, in fact, enter into

the composition of all the gneissoid rocks in every conceivable proportion. It

is easy for the mere lithologist to select typical varieties of rocks in a good

cabinet collection, but in the case of the gneissoid rocks it is impossible for

the field geologist to recognise these distinctions on a large scale. In the

Lower Liurentian hornblende is almost as generally diffused as the felspar,

quartz and mica. It sometimes occurs as bands consisting almost exclusively

of this mineral in both the lower and upper divisions. In the latter it has

been noticed particularly in proximity to the limestone bands and the iron ore

deposits. The Laurentian hornblende rocks are usually blacker and more

coarsely crystalline than those of the Huronian system.

The prevailing colors of the Lower Laurentian gneisses are greyish and

reddish, from very light to very dark shades, depending partly on the colors p?)^''^"'^ *"j™

and partly on the proportions of the different constituents. The felspar

(orthoclase) is white, grey and red, or sometimes yellowish or greenish ; the

quartz is white to grey, and the mica and hornblende black, or very dark

green or brown. These rocks are generally distinctly foliated, or show a lamina-

tion or parallelism in the arrangement of their constituent minerals easily

traceable by their colors. Where these are very distinct and the layers con-

tinuous and close together, the rock in cross-section is described as ribboned
;

where the layers are further apart it is called banded. But the bars are

often broken into a series of tapering dashes which pass below or above

each other, or with an interlocking or " dovetail " arrangement, or the bars

may be connected by thin streaks or rows of dots. Even where the tendency

to parallelism in. the texture of gneiss is not conspicuo\is, from the want of

contrast in colors, it can always be seen on close inspection, and this kind

of structure or " grain," like that of wood, is what distinguishes gneiss from

granite, the latter having no such parallelism in the arrangement of its con-

stituent minerals. On the supposition that this structure of gneiss, even

when the parallel bands of different kinds are quite thick, may be accounted

for in other ways than by stratification due to the action o? water, some

geologists hesitate to speak of it as stratification or bedding, notwithstanding

its apparent identity with it.

As a rule in Canada the exposed surfaces of the gneiss rocks show little

sign of decay, on account of their having been worn down by glaciers in com- Foliation and

parativeiy recent geological times, and . they are extremely massive. When
broken up, as by blasting, they fracture almost impirdally in all directions,

or show only a slight tendency to cleavage along the plane of their foliation.

This foliation in the gneisses of the Lower Laurentian is usually contorted or

bent in various directions on the small scale, and any differences in their com-

position or colour do not appear to be sufficiently persistent to trace them far

in any direction on the ground ; in other words, they are not so sufficiently

differentiated into great bands of distinct kinds as to enable them to be shown
on a map of moderate scale, as is often the case with the gneisses and other

rocks of the Upper Laurentian. Still, in those areas which have been most
examined, a general tendency has been observed to strike more nearly in a
north-east and south-west direction than in any other. In eastern Lib ador,

I
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and also in Baffinland, the larger mountain rid<]jes run north-westward, but

it has not been ascertained that this is the direction of the strike of the gneiss

in those rej^ions. The monotonous grey and red massive and contorted gneiss

above described prevails throughout the vast Lower Laurentian region

stretching from the great lakes of the St. Lawrence to Hudson bay and

thence to lake Winnipeg, as well as in the western and most of the southern

parts of the Labrador peninsula.

In some districts the Laurentian rocks are cut by dykes of green-

stone or trap, some of them very large and affecting the geographical features.

Dykes and veins Rivers or long narrow lakes sometimes lie upon the courses of dykes which

tiaii system. had become decomposed and yielded to glacial action, while falls and

rapids occur where hard dykes cross the courses of streams. Both

the Lower and Upper Laurentian formations are cut by veins of two

classes, the hrst being much more ancient than the second. The former,

w^hich are numerous, are, as it were, fused into or amalgamated with the

country rock and are composed of the same minerals. In some cases the

gangue is almost entirely felspar, in others quartz, but oftener the two

minerals are mixed together and a little mica or hornblende is added. The

larger veins of this class are very coarsely crystalline ; the smaller ones have

a tendency to branch ofi or become reticulated. Although the division

between them and the wall-rock is distinctly defined by the contrast of color,

there is no actual separation between them, the two breaking like one rock.

Metallic ores have not been found in these veins in economic quantities.

Minerals in the Veins of this class may be seen in almost any locality where the gneisses are

exposed. The veins of the second class are not so common, and have been

formed long subsequent to those of the first class. Their gangue, which is

frequently calcspar, sepai-ates easily from the wall rock, and is apt to contain

galena, copper and iron pyrites and zinc blende ; but these minerals, like the

veinstones themselves, have perhaps been derived from rocks resting on the

gneiss, or which rested upon it at some former period when these veins were

formed but which has since been removed by denudation. The lead-

bearing veins of the counties of Frontenac and Leeds and those north

of the Canadian Pacific railway opposite the head of Black bay, lake

Superior, are examples of the second class. With the exception of the con-

' tents of veins of this class and the coarsely crystalline felspar and quartz of

those of the first class, no minerals of economic value are known to occur in

Canada in the Lower Laurentian formation or primitive gneiss series above

described.
UPPER LAURENTIAN FORMATION.

Under this name Sir William Logan described a series of massive labra-

ciassification of dorite and anorthosite rocks, such as those north of Montreal, in the region

of the upper Saugenay, on the north side of the St. Lawrence just below

Quebec, and on the Moisie river ; and similar rocks are found on the west

side of lake Champlain. He thought that they might be above and uncon-

formable to the gneisses, or interstratified gneisses and limestones nearest to

them. Professor James Hall agrees with Logan's view. Dr. Selwyn thinks

they may be interstratified with the gneisses and limestones. In Parry Sound
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district, where the writer found anorthosite rocks, they are interstratified with

gneisses, etc., with which limestones, similar to those of the county of

Argenteuil, in Quebec, are also associated. It would appear from the writer's

observations over the vast Laurentian regions of Canada that for the present,

at least, it will be convenient to designate as Upper Laurentian both the

anorthosite rocks such as those above referred to, and the limestone-bearing

series such as that which was so carefully worked out by Sir William Logan

in the county of Argenteuil and sometimes called the Grenville series, as

there are good reasons for this classification, and it is the most convenient one

in the present state of our knowledge. In the counties of Terrebonne, Mont-

calm and Joliette, in Quebec, rocks similar to the Grenville series have been

found since Logan's time to b« interstratified with anorthosite gneisses. Dr.

Selwyn regards the more massive anorthosites or labradorite rocks of

Argenteuil, Terrebonne, etc., as probably of igneous origin, and as in some

way incorporated with the adjacent limestone-bearing series. Piofessor Hall,

the state geologist of New York, considers the similar rocks, which are largely

developed oa the west side of lake Ohamplain, to ov^erlie the adjoining gneisses

unconformably. Both views may be correct. It is highly probable that

volcanic activity went on more energetically and on a grander scale in these

early days of the earth's history than now, and great outbursts of basic

.matter, such as these anorthosites, were of frequent occurrence in Laurentian

times. After spreading out upon the surface of the earth or on the bottom

of the sea, some of them became incorporated in a conformable manner with

the contemporaneous deposits, while others may have flowed over pre-existing

rocks which were even then disturbed. The latter would form the uncon-

formable masses of Logan and Hall.

There may be a general want of conformity between the primitive gneisses

of the Lower Laurentian and all the rocks of the upper series which succeed

them, including both the massive anorthosites and the limestones with their Mineral bearing

. mi •
character of the

accompanying gneisses. There is a considerable change of character in upper series,

passing from the one to the other, and this is important from an economic point

of view. While the Lower Laurentian is apparently barren of metallic ores,

the upper series as above defined contains a considerable variety of them.

In addition to the presence of the limestone and dolomite bands and the

.anorthosite rocks which constitute their leading distinguishing features, the

Upper Laurentian is characterised by the occurrence of iron ores, graphite,

apatite, pyroxene and hypersthene rocks, quartzite and argillite bands, granite,

•syenite and porphyry, and perhaps conglomerates. Besides the above differ-

ences, Mr. W. C. Willimott enumerates the following sixty-one species of

minerals as found more or less commonly distributed in these rocks, few or

aione of which have yet been detected in the Lower Laurentian :

Achroite. Axinite.

Actinolite.
'

Baiite.

Agate. Beryl.

Allanite. Bisinuthinite.

Airiazon-stone. Bismuth carbonite.

Anorthite. Blende.

Aphrodite. Bornite.

Aventurine felspar. Celestite.
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Chabazite.

Chrondodite.

Chrome garnet.

Chromite.

Chrysotile.

Corundum (Hunt).

Essonite.

Fluorite.

Gold.

Graphite.

Heulandite.

Idocrase.

Jasper.

Labradorite.

Limonite.

Malachite.

Microcline.

Mispickel.

Molybdenite.

Molybdite.

Monazite.

Mountain cork.

Nickeliferous pyrites.

Oligoclase.

Peristerite.

Perthite.

Picrolite.

Pyrallolite.

Pyroxene (and its varieties, sahlite^,

diopyide and cocolite).

Pj-rrhotite.

Rutile.

Samarskite.

Scapolite.

Serpentine.

Steatite.

Sphene.

Spinel.

Stilbite.

Talc.

Meneghinite.

Tourmaline.

Tremolite.

Uranite.

Zircon.

Zoisite.

Boundary of the
Upper Lauren-
tian series.

Supposed
aqueous origin

of gneiss in

the Upper
Laurentian.

The Eozoon
Canadense a
scientific nivth.

No attempt has yet been made to mark the geographical division betweeiB

the Lower and Upper Laurentian as above defined. But if we drasv a line

from near the north shore of lake Nipissing north-eastward, nearly parallel

to the St. Lawrence, and at an average distance of about 150 miles from it..

we may not be far from its position, for the region between lake Huron and

the gulf of St. Lawrence.

Notwithstanding the various differences which distinguish the Upper from'

the Lower Laurentian, there is often a close resemblance in the gneisses of the

one to those of the other. In fact it would often be difficult to distinguish

between hand specimens taken from the two series. This fact should be borne

in mind in considering the origin of gneisses in general. As the balance of

evidence is strongly in favor of the aqueous theory of the origin of at least

part of the Upper Laurentian, this lends support to the view that even the

primitive gneisses may have been formed by the action of water during some

early condition of the earth, of which we can form but little conception judging:

by the later stages of its history. Minute globules of water have been found

by micioscopic examination in the centres of crystalline grains forming gneiss,

and more or less water may be driven out of these rocks by means of heat.

At one time some geologists alleged that they had detected an organic form,

to which they gave the name of " Eozoon," in the Upper Laurentian rocks ; but

on investigation by others the hypothetical discovery was not endorsed, and

the organic nature of the supposed fossil has been repudiated by nearly all

scientists. It is believed that organic life not only did not begin on our

planet in Laurentian times, but that for ages afterwards the earth was not

fitted for its reception. Forms like the branching structures which are the

portions of the so-called eozoon, and which are claimed to have a resemblance

to organic forms, are assumed by a great variety of minerals, but in the case of

eozoon these forms are unlike any organic structure in the fact that tbep

are all different one from another.
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It has been asserted that the limestones, iron ores, graphite and apatite
are also evidence of the existence of animals or plants in Laurentian times.
Such an argument, however, appears to have no good foundation. The lime- origin of

stones have been carefully examined by numerous geologists over immense ^toZTJuaHon'
regions during the last forty or fifty years and have yielded m> evidence to

"''•

support this view, but rather the opposite, namely, that they are of chemical
origin. The iron ores occur in greater masses than any of those deposits which
appear to have been aided by organisms in their formation, and, besides, their
modes of occurrence are opposed to any theory of this kind. The graphite
and apatite occur principally as vein matter. The largest deposits of the
latter have been derived from the pyroxene rocks, which are evidently of
igneous origin. Apatite is a common constitutent of traps and granites of all
kinds, and is widely diffused in small grains even in gneiss. The argument as
to its organic origin is based on the fact that phosphate of lime is the
principal constitutent of the bones of vertebrate animals ; but, in the natural
order of things, the phosphate must have existed first and the vertebrate
animals later on. The converse of this is absurd. There is no evidence to
show that phosphorus, carbon, iron and calcium did not enter into the original
constitution of the earth as well as the other elements.

ORIGIN OB' r. AURKNTIAN ROCKS.

It it rather singular that the numerous minerals above referred to should
appear for the first time in the upper Laurentian rocks, and this fact also
suggests many questions as to their origin and mode of formation. One of origin and mode
the most remarkable features of the Lower Laurentian is the (reneral uni- .°k%"''**'T°^... . .

, ,

Qciiciai uui the Laurentian
formity in composition and character of the gneiss over so vast an area, almost

"''^'''•

semi-continental in extent. The confparatively fine-grained and even texture
which prevails everywhere might not have been looked for in these ancient
rocks, which have had such ample time to become coarsely crystalline or to
exhibit local variations. These circumstances seem to prove a uniformity
of origin as well as of the condition of the surface of the earth at the time
they were formed, as similar rocks also crop up from under all others in
various parts of the world. -

,

Without stopping to consider the great differences in the various classes
of rocks belonging to the Upper Laurentian, some geologists have suggested
a general igneous origin for the whole of them. On this hypothesis' it is

Their supposed

supposed that these rocks may be compared to slags which have formed on the
surface of a molten mass, and that instead of cooling quietly and homo-
geneously some force has acted on them, giving a sort of flow-structure such
as may be seen in slags which have run from a blast furnace. It is diflicult,
however, to conceive hgw such a minute and even structure could have ex-
tended through so great a thickness, the depth of which is unknown, but which
must amount to many miles in the Lower Laurentian alone. Others attempt
to account for the stratiform condition of the Laurentian rocks by the agency of
pressure, but it is impossible to imagine that this force could separate the rocks
into immense bands of different kinds such as those of the Upper Laurentian,
which differ from each other as much and on as large a scale as do the rocks'
of any of the later systems. When we consider the great variety and thick-
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ness of the Upper Laurentian, amounting to 50,000 feet or more, and includ-

ing great bands of different sorts of limestones, dolomites and gneisses, and

smaller ones of schists or quartzites, argilUtes, bedded iron ores, etc., the con-

clusion appears irresistible that they are, principally at least, altered sedi-

mentary strata, as Logan so emphatically stated after having studied them

for years in the field. The circumstance that many varieties of the Upper

Laurentian gneisses are undistinguishable from those of the lower series

would indicate that, like the latter, they have been formed during a primitive

and probably heated condition of the earth. Sir William Logan's painstaking

investigations in the county of Argenteuil and other localities in Quebec;

show the vaiious thick belts which he traced out in all their sinuosities to

conform in their geographical distribution to the structural laws of ordinary

stratified rocks, where these have been thrown into undulations, or anticlinals

and synclinals, and afterwards denuded.

The Upper Laurentian rocks seem to be much more limited in geographi-

cal extent than the lower. Including both the anorthosite and the lime-

stone-bearing portions under this designation as above described, the series,

as already stated, may be said to extend from the lower St. Lawrence westward

to lake Huron and northward in some places for about 150 miles, but beyond

that distance it has not been recognised. It is largely developed between the

Ottawa river and the Palaeozoic region north of lake Ontario, and again

between Georgian bay and lake Nipissing. Some of the rocks of the Hastings

and Lanark region which were formerly included in this series are now believed

by some to belong rather to the Huronian.

Anorthosite or labradorite rocks are extensively developed in eastern

Labrador, and there are indications in that region of iron and other ores as

well as of non-metallic minerals indicative of the upper series. On the

shores of some parts of Hudson straits the gneisses are divided into great bands

with distinctive characters, and here iron ore, iron pyrites, graphite, sphene,

sheet mica and some of the other minerals of this series are found, and in one

place the writer noticed a loose piece of crystalline limestone of one of the

varieties peculiar to the Upper Laurentian.

The Laurentian and to an almost equal extent the Huronian districts of

, Canada are characterised by great numbers of lakes of all sizes, and mostly

of very irregular forms. Throughout these vast but little explored regions

they exist in hundreds of thousands. It is estimated that, in some sections

of this land of lakes, from one third to one-half of the entire area is

water. Some of them are one hundred miles and upwards in length, and

many measure from twenty to fifty miles. They generally show a tendency

to run in chains or groups in different courses, and thus they aff'ord a means

of travelling by canoe in almost any direction. They are nearly all rock-

basins, and on the water-sheds they not infrequently have outlets in opposite

directions, sending the water down either slope. One of the most remarkable

examples of this phenomenon in Ontario occurs on the divide to the north-

east of lake Nipigon, where rivers of equal size flow from each end of Sum-

mit lake, one into Hudson bay and the other into the St. Lawrence. Both

streams are uninterruptedly navigable by canoes for some distance after leav-



15

ing the lake, so that travellers may here cross the water-shed by continuous

navigation.* Temagami lake, north of lake Nipissing, one of the most Ontario a group

picturesque lakes in America and measuring fifty miles each way, is another

striking example of this kind. Its northern outlet flows into the Ottawa by

way of the Montreal river and its southern by Sturgeon and French rivers

into the St. Lawrence. What is still more remarkable, this lake, as shown

by Dr. Bell's surveys, had* in former times an eastern outlet to the Ottawa

and a western to the St. Lawrence, and if its level were now raised only a

few feet these channels would again help to drain it, so that it might have

four outlets flowing towards all the cardinal points of the compass, the two

pairs of opposite discharges being each about fifty miles apart. No fewer

than eight examples of lakes with double outlets are known among the

upper branches of the Ottawa.

The question naturally arises—What was the probable origin of these

innumerable lakes 1 Their formation and that of the boulder clay, and the Glacial origin

existence of the surface boulders consisting of primitive rocks which are so

abundant over the Azoic regions and often beyond them, as well as the rpunding,

fluting and grooving of the rocks which may be seen almost anywhere on the

removal of their superficial coverings, are all mutually related phenomena.

Without going into details, it may be stated that before the beginning of the

glacial epoch the surface had been subjected to a long period of decay. Under

the influence of water and other decomposing agencies the crystalline rocks

became softened to a great depth, as may now be seen in similar rocks in

South America and elsewhere. One of the best examples of this in Canada

is to be found in the north-eastern part of the Labrador peninsula, where the

same gneisses, etc., which in these latitudes we are accustomed to see as hard

rounded hills and knobs, form pointed hills and ridges in a soft and decayed

condition so unlike the former as to be quite unrecognisable at first sight.

When the cold of the glacial epoch set in, ice formed to a considerable thick-

ness over all the elevated parts of the land and descended in wide sheets in

various directions upon the lower levels, carrying Avith it the softened or

decomposed rock, which by the weight and motion of the ice became ground up

to form the finer parts of the boulder clay or till. From the subsequent

washing away of portions of this by the action of the sea and glacial lakes

the Pleistocene clays and sands have been deposited. The glacial action con-

tinued till all the decayed crust had been carried away, and the bottoms of

the glaciers were grinding on the sound rock beneath. What would we

expect as the result of these processes 1 Naturally when the glacial ice dis-

appeared, through a change of climate, there would be a hard, rounded,

but uneven surface, as the rotting of these crystalline rocks had taken

place to varying depths according to the previous contour of the land,

or to the more or less decomposable nature of the different bands and

in proportion to the unequal hardness of the undecomposed parts after

they had been reached by the powerfully eroding glaciers. The angles

of the dips, the curves and twists in the strike, the joints, and par-

See Geological Survey Report by Dr. Bell for 1871.

Ik
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ticularly the dykes cutting these rocks, would all have their effect in

modifying the form of the surface left at the close of the glacial epoch.

The relative levels of the land, except on a continental scale, and its

general contours, including the principal river valleys, probably existed

before this epoch, and the latter guided the courses of the diminishing

alaciers towards the close of the period, as may be seen by the direction of the

strise on the rocks along their bottoms. On the disappearance of the ice, the

innumerable rock-basins which had been formed by the above process would

be already full of water, and the rivers running in their present channels.

It has been observed that in the decaying of crystalline rocks, as above

described, small portions here and there remain unafiected, forming as it

were kernels in the mass. These, with a little rounding by the action of the

moving glaciers, would become the boulders or " hard heads," so common in

most parts of the country.

The high inclinations and almost vertical attitudes of the bedding or

cleavage in most of the crystalline rocks has greatly favored the penetration

of water and air, and their consequent destruction. In excavating the com-

paratively sound rock left under the glaciated surface at the present day, as

in quarries and railway cuttings, we see how deeply the effects of these agencies

are traceable, and they are even now laying the foundations of further decay.

The above short sketch of some of the most important points bearing on

the superficial geology of Ontario is almost inseparably connected with the des-

cription of the*geographical distribution and peculiarities of our Laurentian

and Huronian country, and it will serve for reference in noticing the

Pleistocene deposits in a subsequent part of this report.

The economic minerals of the Laurentian system and their modes of

occurrence will be alluded to in the general description of the various kinds,

under their respective headings further on.

HURONIAN SYSTEM.

This is the second principal division of the rocks of the earth in ascending

order. In Canada it consists of a great thickness and variety of strata, for

Characteristics the most part crystalline, but in a less degree than the Laurentian, together

rlc^l "r.""'"' with many unstratified igneous masses. Like the Laurentian it is azoic, or

devoid of any trace of organic life, so that the distinction between the two

systems is based entirely on lithological grounds. The difference in this respect

is great, and is easily recognised by those who have paid any attention to

neology. The prevailing dark green and grey colors of the Huronian offer a

marked contrast to the lighter greys and reddish greys of the Laurentian.

The latter are massive and coarsely crystalline, while the former are usually

iine-grained and schistose or fissile, this cleavage structure constituting a

striklns difference from the solid Laurentian. There are some exceptions to

this rule, such as the light colored quartzites and the granites and syenites of

the Huronian to be noticed further on. The change in passing from one to

the other is often sudden and complete, but sometimes beds of passage are

met with.

As already stated, most of the Huronian areas occur within the general

Huronian are«. boundaries of the Azoic or Archaean rocks, and their relations to the Lauren-

Economic
minerals.

II
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tian have been pointed out. In addition to the numerous Huronian areas

north of the great lakes and between Hudson bay and the North-west terri-

tories, there are certain rocks in the district stretching between the counties

of Hastings and Lanark which may be regarded as belonging to this system.

Some of the crystalline rocks of the Eastern Townships and of the provinces

of New Brunswick, Nova Scotia, especially on the south-east side of Cape

Breton, and Newfoundland also appear to belong to this division. The

writer has found small Huronian areas on the eastern shores of James and

Hudson bays, and in the eastern part of Labrador.

In the midst of the larger Huronian areas limited portions are found

where the strata are less disturbed than usual, or dip at moderate angles, just Disturbances,

as similar conditions are occasionally found among the Laurentian rocks ; but

a local circumstance of this kind does not affect the general character, nor

afford a reason for separating these portions of either system from the rest.

Examples of little disturbed sections of these rocks are met with near the Bruce

Mines, lake Huron, on Montreal river and lake Temiscaming. Although the

Huronian strata have generally been thrown into sharp folds, or stand at high

angles, they are as a rule less bent about or contorted than the Laurentian.

In order to ascertain more correctly the nature of the Huronian deposits,

the writer, in connection with the Geological Survey, commenced a detailed volume of the

1 ,
system.

investigation of the Lake-of-the-Woods area in 1881 and 1883. These re-

searches have since been continued by Dr. A. C. Lawson, and have shown that

the different bands are not often persistent for any great distance, and that

they vary much in thickness and change in lithological character when followed

out on their courses. It therefore becomes difficult to estimate their thickness,

even in a given area. From the sections measured by the late Mr. Alexander

Murray, principally among the higher members of the series behind the Bruce

3Iines, that gentleman calculated that they have there a volume of about

18,000 feet. The total volume of the system must be very great—probably

not far from 40,000 or 50,000 feet, or perhaps even more.

In Canada, as far as our investigations have gone, the two systems appear
c^^f^rmitv

to be everywhere conformable to one another ; but in rocks of such ancient
La*''^nti n and

date and which have undergone such profound structural changes, owing to Huronian rocks,

pressure, etc., affecting alike the stratified and unstratified portions, this ap-

pearance may not everywhere iadicate a truly conformable sequence. The

manner in which the Huronian rocks occupy spaces with elongated or even

angular outlines in the midst of the Laurentian areas has been already referred

to. Both sets of rocks having been thrown by lateral pressure into sharp

folds, standing at high angles to the horizon, the Huronian often appear to dip

under the older Laurentian, but this is merely the effect of overturning, and

does not show that a part of the Laurentian is newer than the locally under-

lying Huronian. Notwithstanding the geographical relations of the two sets

of rocks, their general difference in character and composition would indicate

that some great change in terrestrial conditions had occurred when the forma-

tion of the one system ended and that of the other began. In the Laurentian

an '• acid " or silicious composition prevails, whereas the Huronian rocks as a

whole are more basic, chemically speaking. The latter can be shown to be very

1
(M.) 2
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largely of volcanic origin, although this may not always be obvious at first

sight.

The name Huronian (derived from lake Huron) was first given by the

officers of the Geological Survey of Canada more than forty years ago, and it

has been adopted by geologists in other countries as universally as the

term Laurentian, and is made to include all the rocks lying between the Lau-

rentian below it and the Cambrian or earliest fossiliferous rocks above. It thus

forms an important and a convenient series, and its position in the geological

scale is easy to recognise.

HURONIAN AREAS IN ONTARIO.

The greatest of all our Huronian areas forms a wide belt extending

from the south-eastern extremity of lake Superior eastward along the north

shore of lake Huron, from which it runs north-eastward, widening out till it

occupies the whole country between lake Temiscaming and the head waters of

the Montreal river, a breadth of one hundred miles. Beyond this it stretches

north-westward across all the branches of the Moose river, northward beyond

lake Abittibi, and north-eastward almost to the southern extremity of lake

Mistassini, a distance of over 600 miles from the outlet of lake Superior.

The Huronian area along the Ground-hog river, and Mattagami lake on its

course, appears to be more or less completely separated from the great area

above described. The next important Huronian district lies around Michipi-

coten at the north-east angle of lake Superior, running for sixty miles west

and twenty miles south of that point, and extending inland to Dog lake, a

distance of forty-five miles. Another large area stretches from the Pic river

eastward or inland to Nottamasagami lake, and westward mingled

with granites and green-stones, to Nipigon bay. Two extensive belta

run eastward from lake Nipigon, one of which crosses Long lake. West

of Thunder bay, and stretching to the international boundary line, there

is a large area which gives ofi" arms to the north-east and south-west

;

and several belts and compact and straggling areas occur between this-

and the Lake-of-the-Woods basin, one of which follows the course of

the Seine river. The Lake-of-the-Woods area, which has been already

alluded to, occupies the whole breadth of the northern division of that lake.

An important belt starts between Rainy lake and Lake-of-the-Woods, and

running north-eastward has a breadth of forty-five miles where it crosses the

line of the Canadian Pacific railway. Minnietakie and Sturgeon lakes lie

within this belt. Huronian rocks occur at both ends of lake St. Joseph and

along three sections of the Albany river, between it and the commence-

ment of the Palaeozoic basin of James bay. The probability that some of

the rocks of the Hastings and Lanark region may be classed with the Huronian

has been already mentioned. The rocks of these various areas, and of others

beyond the limits of Ontario, in some cases show considerable variations in

the proportions of the different kinds of which they are made up. This is

only what we would naturally expect where their origin has been local, as

shown by the rapidly changing volumes of their different components, although

they may have been nearly or quite contemporaneous. In one area steatites,

serpentines and dolomites are abundant ; in another, conglomerates, breccias

I
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and some amygdaloids ; while in others we may find various crystalline

schists, cherty and argillaceous slates, or it may be greywackes, quartz-diorites

and quartzites, with slates and conglomerates.

LOWER AX I) UPPER DIVISIONS.

Although it will be difficult or impossible to draw any precise line of

division applicable in all cases between the lower and upper parts of the
^/^^g'^^g^Jg"®"

Huronian rocks in Canada, yet for the sake of convenience they may be found

separable, in a general way, into a lower and an upper series or formation.

No horizon has yet been agreed upon at which to draw the line even locally,

and the difficulty of an exact definition of a line is increased by the rapid

changes of character in the lateral extension of any portion of the series.

One of the United States geologists imagined that there was a general want

of conformity between the lower and upper parts of what we had always

called the Huronian rocks, and that a " basal conglomerate " was to be found

at the contact of the two divisions ; but there is no evidence whatever to bear

out this supposition. Conglomerates are found indifierently throughout both

the lower and upper portions. lb may be a long time before we shall have

worked out these rocks sufficiently to enable us to represent them separately

on the map, but in the meantime it may perhaps be found convenient to

speak of one set in a general way as distinguished from the other. Dr.

Lawson proposed to call the Huronian rocks of the Lake-of-the-Woods region

the " Keewatin " (more correctly spelled Kewaitin) series. This has the advan-

tage of being a shorter name than the Huronian series of the Lake-of-the-Woods)

but there are scores of other Huronian areas within the Dominion which are

equally deserving of local names. Looking at the general geological map of

the Dominion and the northern states, the Huronian as a whole is seen to

occupy always the same place relatively to the rocks below and above it, and

the general equivalency of all these areas cannot be disputed.

The lower division consists largely of a variety of crystalline schists, in

which the prevailing color is dark green or grey. Among these may be peculiarities of

enumerated micaceous, dioritic, chloritic, argillaceous, hornblendic, talcoid,

felsitic, epidotic, siliceous, dolomitic and plumbagenous. There are also crys-

talline diorites or diabases of various shades of grey and greenish grey (mostly

dark), argillaceous and dioritic slate-conglomerates, granites and syenites,

impure, banded and schistose iron ores, dolomites and imperfect gneisses.

Among the commoner of the rocks of this division are fine-grained mica-schists,

and dark-green dioritic or hornblendic schists. Two kinds of conglomerates

are also abundant, one having an argillaceous matrix, with rounded pebbles

of syenite and granite of various kinds and of some of the other Huronian

rocks, but very seldom of gneiss ; the other with a dioritic matrix, and often

with rounded pebbles also. But in perhaps the majority of cases what were

formerly considered as pebbles are really concretions of a lenticular form, and

diifering but slightly from the matrix in color and composition. They are

best seen on wetted surfaces of cross sections of the rock, where they appear

as parallel elongated patches tapering to a point at each end. Both

hematite and magnetic iron ores are common in these rocks, and they

the lower divi-

sion.
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have been largely worked in the Marquette and Republic districts in

An iron-bearing Michigan, and at Tower in northern Minnesota ; but it is only lately

that rich and workable deposits have been found among them in Ontario,

although poorer ones have long been known in several localities. On
the Antler river, about 100 miles west of Thunder bay, there is a very

heavy deposit of rich and pare magnetite. Another is reported near the

mouth of the Seine, and an extensive deposit of leaner ore to the east of

Wabigoon lake. The late Professor R. D. Irving considered this feature of

the Huronian so important that, for a short definition, he called it " a detrital

iron-bearing series." But while the iron ores belong to the lower division, he

attempted to restrict the name Huronian to some of the upper portions, which

are not notably iron-bearing. The iron ores, whether workable or not, are

generally accompanied by much red and dark jasper in thin layers. Gneiss

is not common in the Huronian, and it differs from ordinary Laurentian

gneiss in being imperfect, and also in being invariably slightly calcareous in

all the numerous cases which have been tried by the writer. In some instances

the felspar in it has been noticed to be triclinic, like those of the Upper Lau-

rentian. -Although rocks such as have been described as belonging to the

lower division are largely developed in the Huronian areas to the west and

north of lake Superior, they are by no means confined to these areas, but a^re

met with in abundance in many parts of the great Huronian area north of

lake Huron and elsewhere.

In the upper division probably the most abundant rock in Ontario is

what may be called a graywacke, but which in the older reports was often

styled a " slate-conglomerate ; " but it also includes clay-slates, argillites,

felsites, quartzites, ordinary conglomerates, jasper conglomerates, breccias,

dolomites, serpentine, etc. In some localities the nearly vertical bands of

quartzite, having withstood denudation better than the other rocks, remain as

conspicuous hills or ridges, and this circumstance has caused their relative

volume in the series to be over-rated by superficial observers. Within the

province of Ontario these quartzites are most strongly developed near the height-

of-land between lakes Abittibi and Temiscaming, and from the latter lake

westward to the headwaters of the Montreal river. They are also common

in the belt along the north shore of lake Huron, especially in its eastern part.

The greywack^ so abundant in the Huronian regions where the quartzites are

chiefly found is composed of a matrix of grains of felspar and quartz, together

with crystaline fragments of the two minerals (or a quartz-felspar rock) of all

sizes from mere grains and chips up to those of pebbles, cobble-stones and boul-

ders. These may be widely scattered in the matrix or crowded closely together,

leaving only the interspaces to be filled by the finer debris. The fragments

are sometimes quite angular ; at others more or less rounded. This is the pre-

vailing rock around lake Temagami, and is also abundant in the whole region

drained by the Montreal river. It is also found all the way southward to lake

Huron, but in this direction it is often associated with stratified quartzose-

diorites and rocks intermediate between the two. The origin of the quartzites

appears to be connected with rocks of the above kinds. The fact of their occur-

rence chiefly in the same regions and in association with them would suggest

Greywackd.

Huronian
quartzites-

Orig-in of the
quartzites.
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this, but there is also direct proof loading to the same conclusion. Tiie materials

forming these greywackcs and the stratitied quartzose-diorites have been derived

from volcanic sources, and coming into contact with water the quartz grains

have been by some process separated from the other constituents. In the

immediate vicinity of the parent rocks, beds composed more or less com-

pletely of these grains are to be found interstratifying other l)eds formed out

of the other constituents. Sometimes these beds are quite thin and shade off

vertically into one another, or alternate in great numbers within a limited

section. Numerous examples of this arrangement may be seen in the town-

ship of Uenison and the surrounding country. At greater distances the
p^j^ ^_^i.

j^. ^5^,,

quartz grains are concentrated in larger volume forming quartzites, while the 'lUMtzitc:..

other ingredients make up the associated felsitic and argillaceous .slates with

layers of hornblende. The Huronian quartzites all contain grains of felspar

in proportions varying from widely scattered particles up to about one-half

their volume. Hand specimens of the latter variety bear a strong resemblance

both in color and composition to rather fine-grained, reddish and greyish

granites or quartz-syenites ; but, besides the stratification on the larger scale,

the internal structure of the rock is distinctly clastic or fragmental. Examples

of these highly felsitic quartzites are to be met with throughout the country

north of lake Huron. The coarser varieties are strikingly developed in the

highest of the quartzite mountains north-westward of the northern outlet of

lake Temagami. In this connection it is worth mentioning that the quartzite

beds often found in the vicinity of the phosphate deposits of the Upper

Laurentian formation in the county of Ottawa also contain grains of felspar

rrore or less abundantly disseminated, showing that they were probably

deposited in a mechanically mixed condition.

The formation of the quartzites being thus apparently connected with

the greywack^s and quartzose-diorites, they too would seem to partake of the

general igneous history of the whole system, which, however, is more i-'neous*=..* .•' .. . . '-haracttr of tht.-

obvious in many of its other varieties of rocks. This igneous character is system.

further proved by the large masses or areas of greenstones (diorites or

diabases), granites, syenites and other eruptive rocks which are so largely

mingled with both the lower and upper portions of the Huronian system in

all parts of their distribution, forming indeed one of its characteristic features.

The crystalline greenstones occur either as compact areas, wide elongated

masses, dykes or thick intersti^atifying beds, in nearly all the Huronian areas.

In many cases the dioritic schists may have been originally massive, but

assumed the cleaved structure by pressure when incorporated among stratitied

masses. The commonest position of the granite and syenite are-is is within

but towards the borders of the Huronian tracts ; but thev sometimes oceui-

in the Laurentian country, in their immediate vicinity or at a distance from

them in the direction of the longsr axis of the Huronian areas.

An attempt has been made quite lately among some American geologists

to restrict the name Huronian to rocks like some of those north of lake Huron,

although Sir William Logan and his colleagues in introducing the term

originally described it as applying equally to the dark greyish and greenish

schists, conglomerates, diorites, etc. The more extended investigations which
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The metallifer-

ous system of

Ontario.

have since been made in Canada and other parts of the world have confirmed

the propriety and convenience of including under this name all the rocks

which had been originally described as Huronian.

THE METALLIFEROUS SERIES.

The Huronian, as above defined, is the great metalliferous system of

Ontario, and indeed of all Canada, and hence its great importance in the

economic geology of the country. The whole series is more or less metalliferous,

but the various ores are not uniformly distributed, some occurring in one

region or in some Special stratum, while others may prevail in another section

of country or in a difierent horizon in the series. Besides metallic ores, the

Huronian also contains various rocks and non-metallic minerals of value.

Occurrence of

iron ores.

Localities.

Iron appears to occur most frequently in the lower or schistose portions

of the system. At one place examined by the writer on the Antler river,

about 100 miles west-north-west of Port Arthur, there is a large deposit

of magnetite of fine quality. In the widest part there are three beds,

each about fifty feet in width, separated from each other by only narrow

bands of rock, running with the general course of the belt to which they

belong. The deposit shows workable quantities of ore at intervals for about

three miles, and is traceable for about five miles. No jasper was observed at

this locality. Another rich deposit is reported to have been discovered on

the Seine river, near its mouth, and one of lower grade ore at a straggling lake

at no great distance south-eastward of Wabigoon lake. The iron ores associated

with jasper which have been found on the southern part of Hunter's island and

near Gunflint lake appear to belong to a continuation of the belt in which the

rich deposit of Tower, in the adjoining state of Minnesota, occurs. A belt of

fine-grained magnetite in thin layers, alternating with equally thin layers of red

jasper, was found and described by the writer in 1869 in the hills on the east

side of the Kaministiquia river, just below the place where it is now crossed by

the Canadian Pacific railway.* During the same season Mr. Peter McKellar,

while assisting the writer to make a topographical and geological survey of lake

Nipigon, found a deposit of hematite on its eastern side, near Sturgeon river.

A common form of iron ore in the Huronian rocks consists of thin layers of

magnetite, or occasionally of hematite, alternating with similar layers of com-

pact or fine-grained grey quartz in the same manner as the jasper just described.

These layers vary from one-sixteenth of an inch to an inch and more in

thickness, but are usually from about one-eighth to one-half an inch. These

ores sometimes occur in large quantities, and although too poor to work (unless

some economic process should be discovered for separating the magnetite from

the rock), they are nevertheless worth careful examination in the hope of

finding the ore in a more concentrated form in some parts. Ores of this

character or of a similar class, as far as their economic value is concerned, have

been found at the following localities :

South-west arm of Red lake, northward of Lake -of-the-woods.
Township of Moss.
Near the height-of-land, south-west of the head of lake St. Joseph, loose.

* See Geological Survey Report for 1869.
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Near Little Long lake, west of the north end of Long lake.

Albany river, near the junction of Etow-i-nuimi river.

The largest of the Slata islands, lake Superior.
Gros Cap, near Michipicoten.
Oka or Pickerel river, west of Michipicoten, reported.
Jacktish bay, reported.

Near Montreal river, lake Superior, reported.
North of Batchawana bay on the Peter Bell location, and in larger quantities at

the head of Pancake river".

In one of the south-western bays of Teniagami lake.
At a small lake north of the eastern arm of Temagami lake.
Quinze rapids and Opazatika lake, above lake Temiscaming.
At Abittibi lake.

The lean iron ores, composed of thin layers of magnetite interstratifying

others of a siliceous rock, in the township of Dalhousie, Lanark county, and

adjacent regions are also of this class, and they form another link connecting

the rocks of this district with the recognised Huronian. The iron mines of

eastern Ontario which were visited by the Commissioners are described in

another part of this report.

COPPER AND NICKEL.

Copper is very generally diffused throughout the Huronian rocks, but

the principal deposits heretofore worked,, those of the Bruce Mines and the

Sudbury region, are associated with rocks of the supposed upper division.
1 /. 1 1 •

1 1 •
Copper of the

At the former locality the workings extended for nearly two miles across the Bruce Mines and

T-. ^T7- IT 1TX /^ -n.1. mi •! SudburjTegions.
Bruce, Wellington and Huron Copper Bay locations. They were carried on

chiefly upon two east and west quartz lodes cutting greenstone, the Main lode

varying from about three to fifteen feet in thickness, while the other, called

the New or Fire lode, is a branch of this. The workings extended to a

depth of about seventy fathoms in many parts. The ore was mainly copper

pyrites, but a good deal of the purple sulphide was found near the surface.

Operations were carried on from 1846 to 1876, and the gross value of the out-

put was ascertained by the writer (through the courtesy of Captain Plummer
and others) to be about $3,300,000.

Copper in the form of the yellow sulphide, associated with pyrrhotite or

grey magnetic iron pyrites, is met with in considerable quantities in a num-

ber of localities around Sudbury Junction, on the Canadian Pacific railway, and

thence along the Sault Ste. Marie branch to the Spanish river. As far as they

have been tested these ores also contain sulphide of nickel, often in quantities

which should pay to extract. The ore in this region is associated with an its mode of

obscurely stratified greenstone, and its mode of occurrence is apparently that ^ie'sTidbury"

of large masses and "impregnations," having roughly lenticular forms and '^'**"''*'

following fahlbands which are rudely comformable with the general stratifica-

tion of the country rocks. These masses enclose many " boulders " or frag-

ments of all sizes of greenstones and greywacke, which are often finely

impregnated with copper and iron pyrites. Most of the ore is low grade,

but in the midst of this considerable bunches of pure copper pyrites occur,

while on the other hand some portions consist of almost pure pyrrhotite.

The country-rock in this neighborhood everywhere dips at high angles, or is

nearly perpendicular, and the ore-masses follow these inclinations. An
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important feature of these masses is their great size, so that although

the average percentage of copper and nickel is low (yet sufficient for

profitable working), the quantity is so large as to give promise of great

productiveness.

Copper ore was first discovered in this district in 1882, during the con-

struction of the Canadian Pacific railway, at a point on the main line (since

called the Murray mine) about three miles north-west of Sudbury Junction.

This was soon followed by the finding of the Stobie mine, three and a half

miles north, and the Copper-clifF mine an equal distance to the south-west of

the junction. At the Stobie mine, which is worked as an open quarry, an

ore-mass of the nature above described appears to have a thickness of

upwards of a hundred feet and it has been traced south-westward on the

strike as a series of lenticular copper-bearing masses, separated by pinched

intervals, for a distance of a mile and a-half. The Copper-cliff mine shows-

a vein-like deposit of mixed pyrites about ten feet wide, containing a higher

percentage of copper than the Stobie ore, and also a number of the lens-

shaped ore-masses. It has been worked to a depth of over 400 feet on

the slope and has yielded a large quantity of good ore. The Evans mine

is about a mile south-south-west of the Copper-clifi". Here the ore-bearing

mass, as proved by the diamond drill, appears to be nearly 100 feet thick^

but it consists largely of pyrrhotite, rich in nickel. In the township of

Denison a vein of copper pyrites, with a high percentage of nickel in

some parts, has been opened by the Vermilion Mining company on lot 6

of the 4th concession ; and on the line between the 5th or Krean lot and

the 4th or McConnell lot, both in the 5th concession, and about a mile to

the north-north-east of the Vermilion mine, the surface appearances indicate

a promising deposit of copper ore similar to those near Sudbury, but no

mining has yet been done at this locality.

The discovery of nickeliferous copper pyrites around Sudbury recalled

the fact that similar ore had been found nearly forty years before at the

Wallace mine, on the shore of lake Huron near the mouth of the Whitefish

river. The deposits at the two localities appear to lie in the same geological

horizon, and, in following the general strike of the rocks north-eastward from

the Wallace mine, ores of copper have been found near the west end of lake

Panache, in the townships of Drury, Denison, Graham, Waters, Snider,

McKim and Blezard, on the west side of the Wahnapitte lake, near the

north end of Lady Evelyn lake, on Montreal river, on Blanche river, at

a place near the height-of-land not far east of the canoe-route from lake

Temiscaming to Abittibi lake, and finally near the south end of lake

Mistassini. This will probably prove to be a copper-producing region of

vast importance in the future, of which the present discoveries are only the

first indications. Copper has been found in many other places in the

Huronian rocks of Ontario, and these will be referred to further on

in the list of localities of this metal, but the foregoing short descriptions

will serve to give an idea of its two principal modes of occurrence in these

rocks.

^
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GOLD. •

Gold promises to become an important product of our Huronian rocks,

notwithstanding the fact that only partial success has attended the efforts

heretofore made to mine and extract it. If we include the gold-bearing rocks ^^ recent'gow'^'^

of the Hastings region amongst the Huronian, it becomes doubtful if the discoveries.

precious metal has been found, except in the merest traces, in any other

formation. !Not long ago the occurrence of gold was unknown in Ontario

beyond the traces which had been found in assaying the silver and copper ores

of Prince's location, of Michipicoten island, and the vein-stuff of the Bruce

mines ; but now it has been discovered in so many and such widely separated

localities in the province, and in some cases under such promising conditions,

that it is highly probable that successful gold mines will be established after

more thorough tests have been made.

The first discovery of gold in notable quantity was made in 1871 by

Mr. Peter McKellar (following up a clue obtained from an Indian) near

Jackfish lake, at what is now called the Huronian mine, situated on location The Huronian

HI in the township of Moss. It here occurs in a true and persistent vein
"

from 6 to 8 feet wide, of which from 2 to 5 feet are quartz, the rest being

incorporated schist. The country-rock consists of interbedded talcoid, chloritic,

dioritic and a little dolomitic schist, siliceous magnetite and massive diorite,

all dipping north-west at angles of 65° to 80°. The vein runs north-eastward,

cutting the strata at a small angle and underlying to the north-west side at

an inclination of 15° from the perpendicular. Intrusive syenite appears about

a mile to the north-east of the mine, and this may have had something to

do with the enrichment of the vein. The gold occurs free and as sylvanite

(or telluride of gold) associated with galena, iron and copper pyrites and

blende, which, with the white quartz, constitute a beautiful looking ore. A
10-stamp mill was erected in 1883 at great expense, on account of the diffi-

culties of transportation, and in 1884 some mining and milling were done.

The gold secured is understood to have been equal to §21 to the ton, which

was, however, far short of the whole amount contained in the ore. Work
was resumed for three or four months in 1885, but, from the want of proper

means of transportation to tlieraine, operations are for the present suspended.

Openings have been made and similar ore obtained from a continuation of the

same vein, called the Highland mine.

Gold was discovered on Lake-of-the-Woods in 1878, or earlier. In the

writer's Geological Survey report for 1881, page 15c, it is stated that "in

1879 I was presented by Mr. J. Dewe with a specimen from Hay island, of ooia locations

white quartz containing needle-like crystals of hornblende with a little calc- Woods.

spar, which showed distinct specks of gold. It was assayed by Mr. Hoflfmann,

chemist to the survey, and found to contain 37.318 ounces of gold and 1.431

ounces of silver to the ton of 2,000 pounds." During the succeeding four

or five years some mining was done at a few places around the northern part of

this lake, and in some instances with the prospect of ultimate success, but

owing to the impossibility of obtaining titles, on account of the dispute

between the Dominion and the Ontario governments as to the ownership of the
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territory, it was impossible to obtain sufficient capital and no thorough test

has yet been made to determine the real productiveness or otherwise of any

of the mines. Trials have been made at several promising places, such

as Sultana island, the Winnipeg Consolidated and the Pine Portage proper-

ties, and now that the matter of title is set at rest there is a probability that

work will be prosecuted on a sufficient scale to determine the question whether

gold is to be found in this region in paying quantities or not. It occurs both

free and in combination with sulphides in veins of quartz more or less split

up and interrupted, cutting green schists and not far from masses of syenite.

These deposits would appear to lie towards the bottom of the series as deve-

loped at the Lake-of-the-Woods. Specimens of free gold in quartz have

been shown to the writer as having been obtained not far from Tache, on the

Canadian Pacific railway.

At Partridge lake, a short distance west of Lac-des-Mille-Lacs, gold was dis-

covered in 1872 by Mr. Archibald McKellar in a large vein of quartz cutting

Huronian schist on an islet, and also in large veins of the same material in

the strike of this one on either side of the lake. Assays of the quartz from

both the islet and the mainland, which were made by Dr. Girdwood, showed

from 1 to 1| ounces of gold to the ton. A number of small nuggets were

obtained by breaking up the quartz on the islet by both Mr. McKellar and

Mr. W. W. Eussell, and shown at the Philadelphia exhibition in 1876. This

localit}'^ was visited by the writer last summer on behalf of the Commission,

and samples of the quartz and photographs of the outcrop of the vein were

obtained.

In 1875 Mr, Donald McKellar found small nuggets of gold in a vein

of quartz cutting reddish granite at Victoria cape on the western side of

Jackfish bay, on the north 6hore of lake Superior. Another vein of quartz

1| to 3|^ feet thick, holding iron pyrites, galena and blende and cutting the

granite in close proximity to slaty diorite at this locality, yielded on assay

$27 worth of gold per ton.

The Commissioners were credibly informed that gold associated with

iron pyrites had been discovered in quartz veins between Goulais and Bat-

chawana bays, at the east end of lake Superior, and also on a small island near

the shore of lake Huron, north of Lacloche island. Traces of the metal have

been found by assay in the laboratory of the Geological Survey in quartz

from veins near the north end of Temagami lake, and from Cross lake to

the south of this sheet of water.

At the Vermilion gold mine on lot 6 in the 4th concession of the township

of Denison, in the Sudbury district, coarse free gold was found at and near

the surface in a vein of light grey granular quartz about two feet thick, run-

ning north-eastward, and cutting grey or ash-colored greywacke, bearing a

close resemblance to the " whin-rock " of the Nova Scotia gold districts.

The gold was so thickly disseminated in one part of the, vein as to hold together

fragments of the quartz after they had been fractured by the hammer. On
the same lot a ridge of greyish diorite rises a short distance to the south-

east of this vein, and a few specks of gold were seen by the writer in the-
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midst of iron-stained spots on the -weathered surface of this rock. Visible

gold is said to have been found also in a quartz vein at the east end of the

Indian reserve on the south side of the mouth of the Spanish river.

Gold was discovered in the summer of 1888 on a point on the southern

shore of lake Wahnapitse, between the two deep bays on that side of the

lake. It occurs, as far as could be observed by the writer, who visited the Wahnapit*.

place in September, in several narrow veins of white quartz cutting a highly

felspathic reddish quartzite, resembling fine grained granite, but distinctly

•clastic or fragmental in origin. J^o single vein or group of small veins could

be traced far, but where any of them gave out others were observed to

commence not far oflf. They are " bound " veins, or adhere closely to the

wall-rock, or are, as it were, fused into it. One of these little veins shows a

good deal of mispickel and some iron pyrites in crystals along one sidfe of it.

An assay of a sample from this vein, made by Mr. Hoffmann, chemist of the

<Teological Survey, yielded at the rate of 5.425'ounces of gold and 0.2.33 of an

ounce of silver to the ton of 2,000 pounds, while the quartz from another of

these veins showed neither gold nor silver. The visible gold of these veins

occurs as specks and small nuggets in the quai'tz. It is also said to have

been detected in the wall-rock apart from the veins, and, if so, this circum-

stance may prove to be of great importance, for if it should be found to pay

at all to treat the whole mass, great profits might be realised by doing so on a

large scale. The rock at this locality resembles that of the famous Tread-
^^th'xr'^dw u

well mine on Douglas island in Alaska, both in composition and in the manner °""^' Alaska,

-of the occurrence of the small adherent quartz veins, but the latter rock

is almost white and is dotted with small particles of iron pyrites. A micro-

scopic examination of the ore of the Treadwell mine, which has just been

made by Mr. F. D. Adams of the Geological Survey, shows it to consist of a

granite-like rock in which the clastic character may be due to a process of

crushing after its solidification. Although the rock of the Treadwell mine

yields only about $5 worth of gold to the ton, immense profits are made by

stamping and treating it in large quantities, and it is in this direction rather

than in the great richness of small quantities that we must look for profitable

gold mines in our Huronian rocks. It may be here remarked that gold is

said to have been profitably extrasted from two mines in Huronian rocks on

^he south side of lake Superior.

In the early part of August, 1866, gold was discovered by a man named
Powell and a Dutch miner on the eastern part of lot IS, range 5, in the

township of Madoc, belonging to Mr. J. Richardson, who, however, did not GoW >" the

ji •
. 1 , -11 • /. 1 ,. . « , , . Hastiiiss region.

recognise it as the precious metal till informed of the fact by the late Mr. H. G.

Yennor of the Geological Survey, who was then working in the neighborhood.

Mr. Vennor in his report for that year, addressed to Sir William Logan,

described the gold as occurring in " a series of crevices or openings in a Richardsou

gold-bearing bed, formed of chloritic and epidotic gneiss (or schist) holding
""'"^"

patches of dolomite and calcspar, the openings being nothing more than

such as are so often met with in the dolomites and calc-schists of this region."

The gold was found along with particles of black carbonaceous matter in a
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brown ferruginous earth filling the longitudinal crevices, paralled to the

bedding, one of which had been struck at a depth of 4 and another at 15 feet

from the surface at the time of Mr. Vennor's visit. Numerous small nuggets-

were also found enclosed in the adjacent dolomite and calcspar. The strata here

dip nearly due north at an angle of 45°, and the gold-bearing bed is "over-

laid by a siliceous ferruginous dolomite and underlaid by a band resembling,

an impure steatite." Its geological position is not far above the iron-bearing

belt of that region. The Eichardson mine has been workr^d at diflerent times

since the above date, and a good deal of gold extracted from it.

This discovery was followed by many others of the precious metal which

have been made at difierent times in the townships of Marmora, Madoc^,

Elzevir, Kaladar, Lake and Tudor, and there is now a probability of gold-

mining becoming an established industry in this region. One of the most

notable of the attempts at gold mining in the district is that at the Gatling

(since called the Canada Consolidated) mine in the township of Marmora.,

The gold here occurs in veins of quartz containing much mispickel and

cutting a crushed syenite or a mixture of schist and syenite, close to a large

area of the latter rock. Assays of twelve different samples of the ores of

this mine gave an average of 1.9107 ounces or $39.47 to the ton of 2,000-

pounds. In spite of this richness, the difficulty of separating the gold from

the sulphide of arsenic is so great that only partial success has attended the

working of the mine, after the expenditure of a large sum of money in

buildings, machinery, working the mine and experimenting.

A considerable quantity of gold has been extracted from the Gladstone

and Teigle mine, situated on the continuation of the same set of veins as the

Canada Consolidated, at a distance of two or three miles to the northward

of it. Another mine called the Dean and Williams on lot 8, range 9 of

Marmora, about a mile and a-half southward of the Canada Consolidated,

was worked for a time with some success. At present it is reported that from

six to eight dollars worth of gold per ton are being extracted at the Guinard

mine, in Kaladar, from a set of small quartz veins cutting a rock which is

described as a conglomerate with quartz pebbles in a matrix of micaceous

schist.

Some veins have been discovered in the Huronian rocks containing silver

in promising quantities—sufficiently so at any rate to warrant the search for

more. The vein at the Huronian mine is a case in point, but the silver

there was pratically overlooked in the effijrts to extract the gold. The 3A
mine on the north shore of Thunder bay was opened on a vein of quartz and

bitter-spar from 1^ to '2h feet wide and running about east-north-east, or

parallel to the strata, which, according to Mr. Peter McKellar, here " con-

sist of thick beds of diorite and fine grained greenish-grey slates, some of

which are chloritic, talcose, calcareous and ferruginous, with some serpentine

alongside of and in the vein." Dark greyish red syenite is met with a short

distance to the south. The silver occurs both native and in combination with

sulphur and nickel, and it is associated with iron and copper pyrites, galena

and blende. There is also a small proportion of gold along with the silver.
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This vein was discovered in 1870. Active operations were begun early in the

spring of 1873, and after having been worked to a depth of about 150 feet

and yielding several thousand dollars' worth of silver in the form of bunches of

very rich ore, work was suspended in the sijring of 1874, Two veins were ^'^°° ^•^'

discovered in 1872 within a mile of Heron bay and close to the Pic river,

which, judging from the ore brought to the shore of lake Superior and

examined by the writer, bear a strong resemblance to that of the Huronian

mine. The width of each is given by Mr. Peter McKellar as ranging from

a foot to four feet at the surface. They lie in a large Huronian area and

are described as cutting talcoid and chloritic schists, while a boss of intrusive

granite rises beside the Pic river at no great distance to the eastward, giving

an additional point of resemblance to the surroundings of the Huronian

mine. One of the veins runs east-north-east with the stratification, while

the other strikes nearly north and south. At a depth of 40 feet the latter

had opened out to 5 or 6 feet in width. The gangue in both veins consists

of bitter-spar and quartz, and contains galena, blende, iron and copper

pyrites, together with gold and silver, ranging from traces up to about

$70 worth of each to the ton, according to assays made by Mr. McDer-

mid, who was assayer at the Silver Islet mine at the time the above work

was done.

GALENA.

The Victoria argentiferous galena vein, situated near Garden river and

about eight miles north from its mouth, occurs in Huronian rocks. It runs

about north-north-west, parallel to the western side of an extensive mass of Garden nver.

'

very fine-grained reddish-grey granite or quartz-felspar rock, from which it is

separated by a few feet of glossy green schist and tough green trappean rock,

some of the latter approaching the character of an amygdaloid. Work was

commenced at the Victoria mine in 1875, and at the time of the writer's visit

in 1876 two shafts had been sunk, each to a depth of 15 feet, in the midst

of a belt 36 feet thick, of glossy-surfaced green schist, cleaving in all direc-

tions and containing galena in strings, grains and small bunches. One of the

shafts followed a vein of solid galena, mixed with considerable dark blende

and a little copper and iron pyrites, from 8 to 19 inches thick, and the other

a similar vein 10 inches thick, but containing a mixture of quartz. This

lead-bearing belt of schist is succeeded on the west by siliceous felsites and

dark green and rather coarsely crystalline hornblende-rock, which is again

followed by fine-grained light reddish or pinkish-grey granite. This belt of

veins was afterwards worked to a considerable depth, and a large quantity of

galena taken out and exported. The proportion of silver varied from a few

ounces up to 168 to the ton of 2,000 pounds, most of the ore being tolerably

rich. The Cascade mine, a short distance to the northward of the Victoria, Cascade mine.

is said to be on the same belt and to resemble the latter in most respects.

Argentiferous galena has also been found in Huronian rocks in the Sud- Sudbury district,

bury district, a short distance south of Straight lake, and in the north-

western part of the township of Creighton, and again near the north

end of Lady Evelyn lake, which lies between Temagami lake and the

Montreal river.



30

other galena
veins.

The Victoria and Cascade mines are the only places at which any lead'

mining has been done in Huionian rocks, unless the galena veins of Tudor,

Limerick, etc. in the Hastings-Lanark region should prove to be situated in

rocks of this age.
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Zinc, in the form of blende (or sulphide of the metal), was discoveredi

in 1881 in lai'ge quantities at a place which has been named the Zenith

mine, situated on the White Sand river, about ten miles northward of the

shore of lake Superior opposite Wilson's island, eastward of Nipigon bay.

The ore is black and crystalline, and is described as occurring principally in

two large veins or lenticular masses in a hornblende rock or diorite of

Huronian age. The ore could be mined with great facility, and some 400 or

500 tons are said to have been already excavated, but it cannot be brought

to market for want of a road. A specimen analysed by Mr. Hotfmann,

chemist to the Geological Survey, gave 54^ per cent, of metallic zinc. This

is the only locality at which zinc ore has been discovered in large masses in the

Huronian system in Canada, and it is therefore interesting as an indicatioit

that the metal may be found in paying quantities in these rocks in other

places. Blende in large crystals occurs in a vein of coarse calcspar about

eight feet wide at Blende lake, about Ih miles north-north-west of the hea4

of Thunder bay. The south wall of the vein, which runs east and west^

consists of dioritic schist of Huronian age, while the north wall is formed

by ferruginous and siliceous clay-slates belonging to the Animikie series.

The occurrence of blende with the galena of the Victoria mine has been,

already referred to.

ANTIMONY.
In the report of the writer for 187G, page 211 (Geological Surveys

Report) reference is made to a reputed discovery of sulphide of antimony

in a vein of white quartz cutting felspathic grey quartzite (Huronian) about

one mile west of Fairy lake, near Echo lake. Mr. Joseph Cozens, of

Sault Ste. ]\Iarie, states that he has discovered a vein eight inches wide, rich

in this ore, among the Huronian rocks on Garden river.

OTHEK METALS AND MINERALS.
The above descriptions will serve to show that the Huronian rocks con-

tain ores of the various metals referred to m economic quantities. The
occurrence in them of nickel, arsenic and tellurium has been incidentally

mentioned. In addition to the metals already alluded to, platinum, tin,

molybdenum, bismuth and cobalt have also been found among these rocks^

but our space will not admit of a fuller description of them than that

contained in the list further on. The number of discoveries of valuable ores

already made must be regarded as very encouraging, considering how little

knowledge we possess as to the geological relations and modes of occurrence

of the metals in the Huronian system and the comparatively small amount
of bo7ia fide and intelligent exploration which has yet been done, and leads

to the belief that many districts situated on this extensive system will prove
rich in metallic ores.

I
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Among the rocks and non-metallic miuerals of economic value to be met

with in the Huronian system, the following may be mentioned : fine granites

and syenites for buildings, monuments and ornamental purposes ; sandstones, and non-me-

quartzites and greywackes for construction ; flagstones, roofing slates, serpen-

tine and dolomitic marbles, ornamental argillites, jasper conglomerate ; white

quartzite for glass-making ; asbestos ^chrysotile), graphite, actinoiite and

barytes.

THE CAMBRIAN SYSTEM.

This system was so called by the late Professor Sedgwick from Cambria,

the ancient name for "Wales. It is the oldest one in which the remains of

organic life have been found, being the first above the Archfean rocks. Besides hi*^the^c?m°^'

ordinary sedimentary deposits, such as limestones, sandstones, shales, etc., it
i^nan system.

comprises, in some regions, a large proportion of igneous and other non-

fossiliferous rocks, the whole thickness of the system amounting to many

thousands of feet. The fossils, when present, consist only of marine inverte-

brate animals, among which trilobites are conspicuous, both as to size and

the number of species. Remains of marine plants are also found in these

rocks. The system is well developed in Bohemia, Wales, Newfoundland,^

New Brunswick and Ontario, as well as in some parts of the United

States.

ANIMIKIE FORMATION.

The name Animikie is derived from the Outchipwai word for thunder,

and is appropriate inasmuch as these rocks are most largely developed around

Thunder bay. Although no fossils have yet been found in the Animikie AnimUde.^
^^

formation, it consists largely of undisturbed and unaltered sedimentary rocks

and is classified with the Cambrian. It is the first formation above the

Archtean, and rests almost horizontally upon the denuded edges of the up-

turned Huronian and Laurentian strata of the region. Its thickness has not

been clearly ascertained, but it probably amounts to 2,500 or 3,000 feet or

more.*

The Animikie strata in ascending order consist of : (1) Greenish

arenaceous conglomerate with pebbles of quartz, jasper and slate—seen on the

north shore of Thunder bay. (2) Thinly bedded cherts, mostly of dark colors
f^^e 'i-ocks

with argillaceous and dolomitic beds—seen at the head of Thunder bay and along

the northern boundary of the formation in the township of Mclntyre. (3)

Black and grey argillites and flaggy black shales with sandstones and ferru.

ginous dolomitic bands and arenaceous beds, often rich in magnetic iron,

* The Silver Islet mine was sunk through 1,230 feetof these rocks lying almost horizontally
below the level of lake Superior, and on the main shore opi)osite to the mine they rise about
800 or 900 feet above the lake, in addition to a trap ovei-flow of 400 or .500 feet, which however
may belong to the next higher formation ; so that we have here an actual section of some
2,000 feet. Mr. E. D. Ingall says (Report of Geological Survey for 1887, page 25 H) :

" If we
assume the average dip to be in a south-south-east direction and measure the width of the
outcrop of the formation from Grand Portage island where it i>asses under the overlying
Keweenawan rocks north-north-west to near Woodside's vein in the Silver mountain area
where the Archsean appears from below them, which we find to be some 25 miles, we get a
thickness for these rocks of over 12,000 feet." But on the same page he says, "'.As has
been already mentioned, the formation lies nearly flat, and it is verj* difficult to decide whether
it really has any general dip or not."
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together with layers and intrusive masses of trap (diabase). This is by far

the thickest division, constituting in fact the bulk of the formation.

Lenticular and spheroidal concretions of various sizes, called also bombs,

boulders and kettles, are common throughout the black shales of this

division.

Geographically the Animikie formation in Ontario occupies a triangular

area, of which the base, 60 miles in length, extends from the mouth of Pigeon

river westward along the international boundary to Gunflint lake, while one

of the other sides is formed by the shore of lake Superior from Pigeon river

to Goose point on Thunder bay, 40 miles in length, and the third side by a

line joining this point and Gunflint lake, about 80 miles in length. The lower,

portions of the formation extend over the comparatively level ground within

this area to the northward of the Kaministiquia and Whitefish rivers, while

the higher measures, lying almost horizontally, occupy the mountainous

country stretching from these streams southeastward to the shore of lake

Superior. The summits of most of the hills in this district are capped with

thick and nearly horizontal beds of trap, giving them a flat or table-topped

ajjpearance. If all these isolated areas of trap were represented on a geological

map of the district it would have a " spotty " appearance, the total extent of

the trap being much less than that of the underlying shales which occupy the

hill-slopes and the bottoms of the valleys between them. A good idea of the

geology of this district may be formed if we suppose the crowning overflow to

have been once continuous, but that afterwards extensive erosion of both the

trap and the underlying shales took place, leaving only the detatched portions

or islands we now see. There is evidence of some faulting in various parts

of the district which may account for the difference in level of some of these

trappean cappings. The crowning overflows are, however, not the only beds

of trap which exist in the formation, as was pointed out many years ago by

Sir William Logan and the writer, and more recently by Mr. Ingall.

Examples of this may be seen along the Pacific railway track east of Port

Arthur, on the islands and points of the north side of Thunder bay, at the mouth

of Current river, and between the Duncan mine and Port Arthur, as well as

within the limits of that town itself. One of these beds of trap forms a

conspicuous escarpment with a long slope to the southward on mining-lot L
in the township of Mclntyre, which may be seen from Thunder bay. The

nearly horizontal layers or masses of trap in these rocks may not have been

surface-flows in all cases. Some of them appear as if they might have been

injected under pressure between the bedding of the shales and other rocks,

and in such cases they do not seem to extend very far.

The Animikie rocks are found near the water's edge along the south-east

side of Thunder bay, as far as Thunder cape and around its southern side,

including the islands to a point east of Silver islet ; also in places along the

main shore and on some of the islands about Rossport, east of !N"ipigon bay.

They likewise form Pie island and the chain of islands extending thence near

the coast to Pigeon river. The Animikie rocks do not appear to extend far

into Minnesota, being replaced by higher strata south of the boundary.

I
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They are said, however, to recur on the south side of lake Superior in the

northern parts of Wisconsin and Michigan, but in a disturbed condition and

otherwise differing from the Canadian type.

THE SILVER-BEARING ROCKS.

The Animikie rocks are of great importance as being the silver-bearing

formation of Ontario. Nearly all the veins cutting these rocks bear a strong

resemblance to one another in the nature of th*! gangue which fills them, so The siiver-
^ <=> '

^ bearing forra-

much so that these veinstones may be said to form one of the characteristics ation of Ontario,

of the formation. They are generally open or drusy, brecciated and very

crystalline, consisting in most cases of white quartz and calcspar mixed with

fragments of the wall-rock and a smaller proportion of green and purple

fluorspar ; but in some instances, as at McKellar's island and in most of the

veins on the islands and mainland between Thunder bay and Pigeon point,

white barytes forms one of the principal con.stituents. A part of the crystal-

line quartz is almost invariably amethystine, and this color has also been

imparted to the quartz crystals of the veins in the older rocks of the neighbor-

hood, once covered by the Animikie, which is not the case in similar veins at a

distance, showing that the character of veins may be influenced by the rocks

above. The veins of the Animikie formation are apt to be gathered into solid \ ariations in
' ° veins.

bodies where they traverse the harder beds and the trap layers, and to become

scattered into a number of strings or reduced to mere faults, or to be pinched

out altogether in passing through the softer strata, such as the black shales.

The silver occurs native in grains, threads and small branching forms, and

as argentite in leaves and small masses, but occa^onally in large crystalline

lumps, as at the Rabbit Mountain mine. At Silver islet heavier native silver Forms of sliver.

and two new silver compounds, Huntilite and Animikite, were found. The

associated sulphides in nearly all the veins are blende, galena, copper and iron

pyrites, and their relative proneness to carry silver has been found by many
assays to be in the order in which they are here mentioned. In the same

way they have also been found to be richer in silver in proportion as they are

more closely associated with the visible silver itself, and to contain very little

when remote from the rich ore of the vein. No law governing the conditions

or mode of occurrence of the silver in the veins has yet been discovered, and Uncertain

its apparently sporadic distribution in them makes it necessary to prospect siUer.

extensively underground in each case before a vein can be pronounced valuable

or otherwise.

The veins in the Animikie rocks run principally in two general directions,

one about north-east or east-north-east to east, and the other about north-

north-west. The veins of the Beck or Silver Harbor, the Thunder Bay and Courses of veins.

Duncan mines and the majority of those in the townships of Mclntyre and
Neebing and in the Rabbit mountain and Silver mountain districts belong to

the former, while those of the Beaver and Silverislet mines and the numerous
veins traversing the islands and the mining locations on the mainland between

Thunder bay and Pigeon point belong to the north-north-west group.

The first discovery of silver of any consequence on lake Superior was
made by Mr. Peter McKellar in the autumn of 1866, at what afterwards

(M.) 3
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became the Thunder Bay mine. The metal was here found in the form of grains

and threads of native silver thickly disseminated in a vein of light grey granular

quartz from 1 to 3 feet wide, running north 34° east and cutting dark shale

and argillite, interstratified with impure ferruginous dolomite and overlaid

by a bed of trap. This vein was worked in the summers of 1869 and 1870,

in each of which years it was visited by the v/riter. Notwithstanding its

great richness at the surface it failed to produce any large amount of silver,

and work was discontinued after reaching a depth of only 70 feet in each of

the two shafts which were sunk. Operations were resumed in 1875 on a

parallel reticulated vein in argillite, having a breadth of 6 to 12 feet in all,

which was struck by cross-cutting underground at a distance of about 20

feet south of the silver-bearing vein. This opening was inspected by the

writer in 1875, but no silver could be detected. Further exploration along the

course of these veins may give better results.

The vein of the Shuniah, afterwards called the Duncan mine, was dis-

covered to be silver-bearing by Mr. John McKellar and Mr. George A. Mc-

Ticar in May, 1867, or about a year after the discovery of the Thunder Bay

mine. The vein is very large, being 20 to 30 feet in width, runs east and

west and consists of quartz and calcspar. The Duncan mining company

showed great courage and perseverance in working this property, and only

abandoned it after spending about half a million dollars and sinking to a

depth of 800 feet, with galleries at diSei-ent levels. Only about $20,000 worth

of silver in all was obtained. The Animikie rocks were here found to extend

to about half the above depth, and below this were Huronian schists with

syenite on or near the north wall of the vein. A considerable area of trap

occurs on the surface to the south of the vein.

The vein at the Silver Harbor or Beck mine was discovered by Ambrose

Oyrette in 1870, and was worked in 1871 and 1872. It cuts the shales and

chert beds of the lower part of the formation, which are here overlaid by a

bed of trap. It runs east-north-east, and is about 5 feet in thickness. The

gangue is of a brecciated character, and consists of white quartz and calcspar

with a little fluorspar and amethyst. Some native silver was obtained in

association with galena, blende and iron pyrites, but the quantity does not

appear to have been remunerative.

The Montreal mining company having employed Mr. Thomas Macfarlane,

a well known geologist, to survey and prospect their locations on lake Superior

in 1868, his assistant, Mr. Gerald Brown, while triangulating the shore of

Wood's location, sent one of his men, John Morgan, to plant a picket on a

rock in the water, afterwards called Silver islet. While doing this Morgan

found the silver-beai'ing part of this now famous vein,* and brought a specimen

from it to Mr. Brown. Mr. Macfarlane took out some $1,500 worth of silver

with one or two blasts at the surface and sent it to Montreal. The vein was

further prospected to a small extent by the Montreal company the next year,

but in 1870 this property, along with aU the other locations of the company,

* In the Geology of Canada, page 707, Sir William Logan describes the Silver islet vein,

where it creeses Burnt island as "a very prominent lode holding galena and green carbouftte
of copper."
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passed into the hands of the Ontario Mineral Lands company, by whom it

was worked till the beginning of 1884, when a depth of 1,230 feet had been

reached and silver to the value of $3,250,000 had been extracted. The vein Description

• 1 1 T 1 1 • "^^ *^® vein.

in the part worked would average about 8 to 10 feet m thickness, although m
some places it measured from 20 to 30 feet. Its course is north 32° to 35°

west, and it intersects a dyke of trap (diabase) running east-north-east, which

cuts the dark shales and other nearly horizontal strata of the Animikie

formation. The silver was found only in and near the trap, which no doubt

had something to do with its concentration at this place. Its deposition also

appears to have been influenced by graphite, which was present in the richest

parts of the vein. Hydrocarbon gas and water holding chlorides of sodium,

calcium and magnesium were struck in the deeper workings of the mine.

Graphite and inflammable gas have since been met with in other silver mines

in the district. The Silver islet vein is easily traceable across Burnt island

and upon the main shore opposite, but it was not found sufficiently rich in

silver to be worth working except at the islet.

The discovery of silver-bearing veins in the Rabbit and Silver mountain

districts about 1882 was due to an Indian named Tchiatang who had worked

with the writer in the Thunder Bay district and around lake Mpigon in 1869. Discovery of

TT- -P ,-iT ir-i • . , Rabbit and
He IS a native of unusual intelligence, and alter observing our operations and silver Mountain

making many enquiries about veins, etc., he developed a strong ambition to

prospect for minerals. While exploring in the neighborhood of Rabbit moun.

tain he discovered the vein which was afterwards worked there, but on account

of an Indian superstition* he would not personally point it out to a white

man, Mr. Oliver Daunais had married his daughter, and he got over

the difficulty by taking him nearly to the place and explaining where he

would find the vein. He afterwards revealed in the same way other dis-

coveries which he made in this district, and these have led to all the present

developments, so that the latter are indirectly due to the operations of

the Geological Survey. Several mines in this part of the Animikie area other silver

have been successfully worked and have yielded large amounts of silver, the

most conspicuous examples being the Rabbit ^lountain, the Beaver, the

Badger and the West End Silver Mountain, but as these are all described

along with the other mines of this section in another part of the present

report they require no further notice here.

Geologists and miners have speculated a good deal as to the source of the

silver and the conditions which have influenced its deposition in certain parts

of the veins cutting the strata of this formation. Some, like Mr. Peter Mc- On^ia of the

Kellar, suppose it has come up from the Huronian system below, and they

instance the 3 A mine as an example of the occurrence of silver in a vein

traversing these rocks. Others suppose the upper parts of the formation to be

the parent rocks. The silver appears to be most abundant in those portions of

the veins which lie immediately under existing trap beds or their

former extensions, or, as at Silver islet, in a dyke of the same rock,

and this would favor the idea that the metal has been in some way

* Indians believe that if they show a discovery of valuable minerals to a white man they
are sure to die within one year.

Ik
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derived from the trap. If this be the correct view we may look for

silver in the veins under trap beds in the lower as well aa in the upper

parts of the formation. Indeed this appears to have been demonstrated

in the case of the rich ore at the Thunder Bay mine and in veins recently

discovered in the Whitefish lake region, both of which are in the lower

portions. In these instances the characters of both gangue and ore are the

same as in veins higher up in the formation, as if the nature of their contents

depended more on the overlying trap layers than on the immediately enclosing

rocks. The enrichment of the 3 A vein may have been due to the infiltration

downward of the silver from Animikie rocks, which once covered this spot as

they still do the immediate vicinity, but which have since been carried away

by denudation.
NIPIGON FORMATION.

A voluminous set of rocks to which this name was given by the writer in

1872 is found in the lake Superior region, resting apparently unconformably

upon the Animikie formation. It is characterised by reddish marls, sand-

stones and conglomerates, together with a large proportion of variously colored

trappean beds and masses, a considerable part of which is amygdaloidal. It is

largely developed on Black and Nipigon bays, around lake Nipigon and on

Michipicoten island and the promontory of Mamainse (more correctly Na-

mainse). The Keweenawan, or native copper-bearing rocks of Keweenaw

point, on the south side of lake Superior, and of Isle Royale, appear to be of

the same age. On the north shore native copper has not yet been discovered

in such large quantities as on the south side. Its relative scarcity may be

due to the less disturbed condition of the rocks on the former. On Isle

on lake Superior,
j^^yg^jg ^^^^ Michipicoten island, where the dips are highest, the metal has

been met with in the most promising quantities. In the Keweenaw point

region the metallic copper has been found as large masses in veins cutting

trappean beds, and at the Calumet, Hecla and Tamarac mines in the form of

grains and straggling masses of all sizes, filling the interstices of a reddish

arenaceous mixed breccia and conglomerate bed, in which many of the frag-

ments consist of red quartziferous porphyry.

Native copper has been met with, principally in veins, on St. Ignace,

Simpson's and Battle islands. On Michipicoten island it occurs as grains in

an arenaceous ash-bed, while at Mamainse it is found in the form of straggling

masses and thin sheets in calcspar veins. But the rocks which have been

classified as the Nipigon formation are not alone copper-bearing, but contain

other metals as well, and they differ in this respect in the several regions in

which they are developed. For example, the lead-bearing character of the

rocks"^
Nipi^on

^^^^ inai;ls and associated rocks to the north-west and north of Black bay is

their most important feature from an economic point of view. No metallic

ores of any consequence have yet been discovered in the rocks of this formation

around lake Nipigon.

On the west side of Little Pic river certain trappean strata, distinctly

Little Pic river, bedded and dipping regularly to the south-westward at an angle of about

12°, may belong to this formation, if not to the Animikie. One bed is

amygdaloidal, but all the others are crystalline and of different shades of

Keweenawan
rocks.

Native copper

On the north
shore.
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color. These rocks may have a thickness of 600 feet, and they occupy a

space of about eight miles along the river and fourteen on the lake front. On

the west side of the mouth of the river horizontal beds of siliceous magnetic

iron ore occur in these rocks. The united thickness of three of them appears Siliceous masne-

to be about ninety feet. The percentage of metallic iron contained in the ore

from this locality was found to be as follows : by Dr. Hayes, of Boston,

36 ; by Dr. Girdwood, of Montreal, 46 ; and by Dr. T. S. Hunt, 37, chiefly as

silicate.

In the region extending from Thunder bay to Nipigon bay, and thence

northward, the strata of this formation consist of the following rocks in Rocksof NipigoD

ascending order : white grits (seen in the cliff along the south-east side of

Thunder bay), red and white sandstone with conglomerate beds, the pebbles

being mostly of jasper in a sandy matrix of different colors, compact argil-

laceous limestones, shales, sandstones and red indurated marls, red and white

sandstones with green spots, and red and white conglomerates interstratified

with trap layers. These are covered by an enormous amount of trappean

overflow crowning the formation, and amounting to from 6,000 to 10,000 feet

in thickness. The lower portions of the overflow are usually massive and

crystalline, but it becomes more amygdaloidal towards the top. Much of it ^^^p^*''
'^""'

consists of columnar basalt, but varieties of pitchstone also occur. This

volcanic portion of the formation is well developed on St. Ignace and

Simpson's islands, and also about point Porphyry. The amygdaloids contain

agates and quartz, prehnite, epidote, specular iron, various zeolites and native

copper. Concentric wrinkles on the surface of a trap bed on St. Ignace concentric

island show that a flowing movement took place in a north-easterly direction,

while on the east side of lake Superior similar wrinkles mark an easterly

motion of the molten trap. Flow-wrinkles of the same kind occur at the

Calumet mine on the south shore. Dykes of greenstone are very numerous

in the upper part of this formation. They run parallel to one another in two ^ytes.

principal directions, and they all have a transverse columnar structure. There

are also many dykes of porphyry in these rocks.

The crowning overflow of columnar trap on Thunder cape. Pie island,

McKay's mountain and all the other hills between the Kaministiquia and '^^^^ il^K^fs^^

Pigeon rivers looks quite like that resting on the red marls of Nipigon bay, mountain, etc.

Black Sturgeon river and lake Nipigon, and no geological distinction between

them has yet been pointed out.

The lower members of the Nipigon formation occupy most of the

peninsula between Thunder and Black bays, and extend northward up the Geographical

valley of the Black Sturgeon river to lake Nipigon and around this sheet of

water. The grey sandstones, indurated red marls and variously colored com-

pact limestones are well developed in the township of Dorion and to the west-

ward of it. In the north-western part of this township a fault running east-

north-eastward has let down the red marls on its south-east side against

Laurentian gniess on the north-west. A well deflned brecciated vein of

quartz, calcspar and barytes, holding galena and a little copper pyrites and Lead veins.iu

blende, has been traced for more than two miles on and near the junction of ,hip-

the two rocks. It varies from fifteen to twenty-five feet in width and is ver}-
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conspicuously exposed, owing to its standing the denuding agencies better

than the enclosing marl. The locations of Mr. C. J. Johnson and J. S.

Turnbull are situated on this vein. The Malhiot vein runs nearly parallel to

the last, at a distance of about three miles to the south of it. It cuts

Malhiot vein, crystalline trap rocks resting on nearly horizontal compact limestones and

grey sandstones. Its width varies from six to eight feet, and towards the

western part of its outcrop it is well charged with galena in a gangue of

of calcspar, quartz and barytes. A large lead-bearing vein, also parallel to

the two above described, crosses the lake at the head of Wolf river. It cuts

Laurentian gniess in the valley under the marls and trap which form the

cliffs on either side of the lake. Another lead-bearing vein, which has been

styled the Ogama, is reported in Dorion about five miles south-west of the

Malhiot.

In May, 1865, Messrs. Peter and Donald McKellar discovered an

Lead veins near important vein of galena cutting the indurated red marl of this formation at

a place about three miles west of Black bay, on what is now called lot in

• the township of McTavish. The property has been successively named the

North Shore, Lead Hills and Enterprise mine. The vein runs about north

60° east, and the red marl is here associated with grey sandstone ; but red

granite, which is largely developed in this region, rises as a lo«^ bluff

about 300 yards to the north of it and was encountered at a moderate

depth in working the vein. The gangue is quartz, calcspar and barytes, and

the total width of the vein is from six to eight feet, of which from three to

four feet consisted for some distance of solid galena with a little copper

pyrites and vein matter. The mine was worjced for one year, and a consider-

able quantity of rich ore was shipped to the United States. According to

assays made by Prof. Chapman it contained an average of $17 worth of gold

and $2 worth of silver to the ton.* A vein carrying galena has been dis-

covered in the Nipigon rocks between Pearl River station on the Pacific rail-

way and the shore of Black bay. More than forty years ago Sir William

Logan found galena in the rock of Granite island in Black bay.

Crystalline columnar traps similar to those which overlie the red marls,

Laive Nipigon. etc., of Nipigon bay are largely developed around lake Nipigon, where they

lie for the most part horizontally, and form the prominent bluffs and islands

which give rise to the picturesque scenery of the lake. Compact limestones and

grey sandstones are found under these traps in several places, and in the

hill just behind Nipigon House, on the west side, a stratified red felspar rock,

studded with grains of vitreous quartz and having a probable thickness of

about a thousand feet, dips north-north-west at angles varying from 40 to

60°. A massive rock, but of a similar lithological character, occupies the

lake shore from Nipigon House to English bay, a distance of three miles, f

This rock resembles the red quartziferous porphyry, which forms so many of

the pebbles in the native copper-bearing conglomerate of the Calumet mine.

Michipicoten island may be described in a general way as consisting

'i'siana!"^"^*" mainly of trappean beds, dipping about soutb-by-east at an angle of 30°.

*Dr. Bell in Geological Survey Report for 1869, p. 359, and for 1872, p. 108.

fReport of Geological Survey for 1871, p. 103.
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Along its northern shore they are mostly amygdaloidal, and are here

associated with trap-conglomerates and red sandstones and shales, passing

below the trappean mass to the south. Approaching the southern side the

ordinary varieties are overlaid by compact reddish trap, sometimes rendered

porphyritic by crystals of red felspar and white quartz. Along the south

side the trap becomes black and has a resinous fracture. In this part of the

island there are some amygdaloidal beds, with fine agates suitable for orna-

mental stones. The whole thickness of the strata on Michipicoten island

probably amounts to about 12,000 feet. On the western end of the island a Mine of native
^ •' ' copper.

mine has been opened on a bed carrying native copper, which is so fully

described in the evidence of Mr. Joseph Cozens that no further notice of it

is required.

The promontory of Mamainse on the east side of lake Superior is occupied

by rocks of the Nipigon formation. They comprise a variety of amygdaloids, Promontory of

volcanic tufas, felsites, cherts, sandstones, coarse conglomerates and crystalline

traps. The dip is to the westward, or into lake Superior, at an average angle

of 45^. At a moderate calculation the thickness of the strata on this pro-

montory wou'ld amount to 22,400 feet. The conglomerate bands form one

of the most striking features of these rocks, both on account of their coarse- Boulder-
^ ' conglomerates.

ness and the thickness of the beds. Five of them occurring among the

amygdaloids, tufas and crystalline traps south of Point aux Mines measure

respectively about 260, 85, 70, 80 and 450 feet. Most of the enclosed masses

are well rounded and smooth, and from the large size of many of them these

beds may be properly called boulder conglomerates. They consist principally

of dull reddish granite and greenish and greyish Huronian schists.* Nipigon

rocks, like some of those on Mamainse, are met with at Batchawana bay, and Batchawana bay,

a. small patch of them at Gros Cap at the outlet of lake Superior.

On the east side of Hudson bay and the islands lying oS that coast ,,. .' ^ o >ipig-on and
volcanic and sedimentary rocks are largely developed. They comprise reddish Animikie forma-

conglomerates and sandstones, lead-bearing limestones, chert-breccias, black Hudson bay.

shales, grey quartzites, dark argillites, porphyries, crystalline traps,

amygdaloids, tufas, etc. The upper parts of this series may correspond to

the Nipigon formation and the lower to the Animikie. f

rOTSDAM FORMATION.

In Ontario this formation consists almost entirely of hard grey and

sometimes reddish sandstones. It derives its name from the town of Potsdam n^rd sand-

in the north-eastern part of the state of New York, and was called the Potsdam ^*''"^^-

sandstone by the American geologists, who often designated formations by their

lithological characters only, as Calciferous sandrock, Utica shale, Medina marl,
-VT- 1- T c 1 .

Geoarraphical
JNiagara limestone, etc. it frequently happens, however, that in the extension distribution,

of strata into other regions their character changes, or they include beds for

which the original lithological name would not be suitable. Sir Wm. Logan

therefore considered it better to apply the term formation in all cases. The
Potsdam formation skirts the borders of the Laurentian area in the counties

*Dr. Bell in Report of Geological Survey for 1876, p. 214.
+See Report of the Geological Survey for 1677.
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of Frontenac, Leeds, Lanark and Carleton, and is well exposed in the town-

Sjiips to the north-east of Kingston and in many places between the Thousand

islands and the Ottawa river. Its total thickness in this part of the province

has not been ascertained, and it is variously estimated at from 300 to 700 feet.

Fossils are not abundant in these rocks, and shells of the genus Lingula are

perhaps the most characteristic. Large trilobites are occasionally met with,

and at Perth certain remarkable tracks, supposed to have been made by these

animals when the present hard rock was in the state of soft sand, have been

found on the surface of one of the beds. Tracks left by creatures of a

similar kind were found by the late Mr. Robert Abraham in 1847 in beds

of the Potsdam sandstone near Beauharnois, in the province of Quebec. In

the sandstones near Perth the late Dr. "Wilson, nearly thirty years ago^

found a number of long cylindrical casts like tree trunks from six inches to

one foot in diamater. Last year attention was called to certain cylindrical

bodies of larger size than the above which pass almost at right angles through

the sandstone beds of this formation near the Rideau canal about eight miles

from Kingston. The only economic materials furnished by the Potsdam

formation consist of sandstones for building and glass-making. They are all

too hard for grindstones or scythe-stones. The parliament buildings at

Ottawa are constructed of Potsdam sandstone from the adjoining township.

In the lake Superior region the sandstones of Sault Ste. Marie, the

peninsula between Goulais and Batchawana bays, Isle Parisienne, etc.,.

seem to be of Potsdam age. They are mostly red, with green spots thickly

sprinkled over the bed-planes, and interstratified with greyish layers. Unlike

the ]^ipigon formation, they appear to be free from local disturbances and lie

almost flat. Although they resemble some of the sandstones of Mamainse in

being red, they are believed to be newer and are probably unconformable

to them.

THE SILURIAN SYSTEM.

This system was named by Sir Roderick Murchison after the Silures, a

people who inhabited a part of ancient Britain in the border land between

England and Wales. It is one of the most important systems in the geological

^h ^'^'cte ""^f th
^^^1®> occurring in nearly all quarters of the globe, and is remarkable for the

Silurian system, uniform character of its fauna in widely separated countries. It is almost

everywhere rich in fossils, which consist principally of the remains of marine

invertebrate animals and marine plants, although fishes and some land plants

make their appearance in the upper part of the system. These rocks wei'e

formerly divided by some geologists into a Lower and an Upper Silurian

series. The former is now often called the Ordivician, thus restricting the

term Silurian to the upper division. For the present, however, we will retain

the name Silurian for the whole system. The Silurian rocks appear to have

been deposited during a generally quiet period of the earth's history. They
embrace every variety of sediments, and occasionally include some igneous

intrusions and beds of volcanic origin. They are divided into a number
of formations, and the total volume of the system is very great in most regions.

The thickness of each of the formations in Ontario will be given separately.
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CALCIFEROUS FOKMATION.

The name of these rocks is derived from their lime-bearing character.

The formation is not important in Ontario, and is found principally between formation!

Brock ville and Ottawa. It has a thickness of about 300 feet and consists

for the most part of a bluish grey magnesian limestone, which has a gritty

feel like sandstone, especially on weathered surfaces. The Ramsay lead vein

near Carleton Place cuts this formation.

CHAZY FORMATION.

This formation derives its name from a town in Clinton county, in the

state of New York. It is not an important formation in Ontario, and is Geo^'raphica

r , /-x -r« T 1 IT distribution.

found principally in the valley of the Ottawa below Pembroke, and between

this river and the St. Lawrence below Prescott. Two outliers occur in the

county of Renfrew, one on the Bonnechere and the other on the Madawaska

river. It consists of greyish limestones, sandstones and shales, and has a

thickness of about 150 feet. Some of the Chazy limestones are very suitable

for building, and in certain localities the sandstones are also used for this

purpose, but they are generally rather too thinly bedded.

BLACK BIVER AND BIRDS-EYE FORMATION.

The formations known under the above names in the state of New York

are not regarded in Canada as differing sufficiently, either palaeontologically origion of the

or lithologically, to require separation. The Black River formation derives

its name from a stream which enters the eastern extremity of lake Ontario

in the state of New York, while the term Birds-eye has reference to the

appearance of a fossil contained in the rocks bearing this name. The united

formations have in Ontario a thickness of 150 to 200 feet, and consist of

bluish and dark grey bituminous limestones with interstratified grey shales. Geographical

It occurs on some of the islands in the north channel of lake Huron between

the Manitoulin group and the north shore. Further east it skirts the

southern edge of the Laurentian area from Penetanguishene to Kingston, and

it is found in patches in the Ottawa valley above the city of the same name,

and as a border surrounding the Trenton basin between the Ottawa and St-

Lawrence further east. It is well developed around Kingston, and the build- Economics

ing stone of the Limestone City is derived from it. Part of the stone used at

Ottawa and Cornwall are quarried from this formation. The lithographic

stones of the Marmora and Madoc region also belong to it.

TRENTON FORMATION.

This important set of rocks is named from Trenton in the state of Xew
York. On lake Huron it is found on Lacloche island and about Little distnbutiou!

Current in the northern part of Grand Manitoulin island. It occupies a

broad belt between Georgian bay and lake Ontario, extending from

Matchedash bay to Collingwood harbor on the former and from Newcastle to

Amherst island on the latter. Lake Simcoe is situated entirely on this

formation, and tlie whole of the peninsula of Prince Edward is underlaid

by it. There is a Trenton outlier in the county of Carleton and it forms the

uppermost rock in a geological basin, occupying the whole width of the country
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between the St. Lawrence and Ottawa east of Ottawa city. The higher parts

of the limestone cliffs at the capital belong to this formation. Judging

from the results of borings which have been made in various localities, as

well as from its general regularity and persistence, the formation is supposed

to extend at a moderate but increasing depth south-westerly under the whole

of the peninsula between lake Huron on the one side and lakes Erie and

Ontario on the other. It has also been shown by borings in Ohio to underlie

the newer rocks over a large part of that state. In Ontario it has probably a

total thickness of about 600 feet and consists of fossiliferous bituminous

limestones, usually dark grey in color, interstratified in some parts with shales

which are also often bituminous. It affords excellent building stones in

almost every part of its distribution, and it is important as a source of

petroleum and natural gas. The oil and gas of the comparatively new field

in north-western Ohio are derived from these rocks. The writer has shown

that the Cincinnati anticlinal, along which these products have accumulated,

continues northward and crosses the western part of the Ontario peninsula,

following a line from near Little's point on lake Erie to near Kettle point

on lake Huron.* By an inspection of the map it will be seen that

Kingsville, where a valuable gas well has been recently struck, is situated

on this line. Both the petroleum and gas of this formation have pro-

bably originated from the decomposition of the remains of marine vegeta-

tion, of which there is abundant evidence in these rocks. The most

promising places for boring for either oil or gas would appear to be on

the lines of the principal anticlinals, but only where the formation is

well covered by impervious strata which have had the effect of confining

these products for ages. Surface indications may be entirely wanting.

U T I C A FORMATION.

Although this formation is only about 100 feet thick in Ontario it is

easily recognised, consisting everywhere of a black bituminous shale. The

name is derived from the town of Utica, in the state of New York. It

occurs on the northern points of Grand Manitoulin island and on the

south side of Clapperton island. It is well seen to the west of CoUingwood

harbor, and runs thence south-eastward through the country, coming out

on lake Ontario between Whitby and Newcastle. The Utica shales are

sufficiently bituminous to burn with flame for a short time when thrown upon

a hot fire. In October, 1859, works were erected a short distance west of

CoUingwood for distilling illuminating oil from these shales, which were found

to yield from 3 to 4 per cent, of their weight of tarry oil at a cost of 1 4 cents

per gallon. Owing to the discoveries of free petroleum the following year,

this enterprise was abandoned. Illuminating oil is, however, still made at a

profit from bituminous shale in Scotland.

* " The main axis of the anticlinal will intersect the north shore of lake Erie in the vicinity

of Little's point in the county of Es^ex ; then running about north-north-east through Essex,

Bothwell and Lambton, it will reach the southern shore of lake Huron near Kettle point.

Its general bearing from lake Erie to lake Huron is about north thirty degrees east, but it

appears to curve gently to the south-east of a straight line and to pass under Petrolia."

Transactions of the Royal Society of Canada for 1887, page 107.
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HUDSON RIVER FOBMATION.*

This formation, named after the Hudson river in the state of New York,

has a thickness in Ontario of about 700 feet and consists of bluish drab marls,
Smation.*''^

clays and shales, interbedded with layers of limestone and sandstone. It is met

•with alone the northern part of Manitoulin island and on the south-western On lakes Huron
o ^ 11111 ^^'^ Ontario.

side of Georgian bay, and it extends thence south-eastward through the

country, widening as it goes, to lake Ontario, on which it occupies the shore

from Port Credit to Pickering. An outlier of the formation, eighteen miles

in length, occurs in the counties of Carleton and Russell a short distance ouawl"**'

south-east of the city of Ottawa. The Hudson river formation has furnished

no economic minerals of importance in Ontario. The greater part of these

rocks were at one time called the Lorraine shales, but that name is now

abandoned.
MEDINA FORIIATION.

The Medina formation is named after Medina in the state of New York.

It consists of red with some green marls and a fine grained light grey and ^
^^^

sometimes reddish sandstone, called the grey band at the top. In the west Grey band,

the formation first appears near Colpoy's bay, on the south-west side of Geoi'gian

bay, and increases to the southward. It has acquired a thickness of about 200

feet in the eastern part of the county of Grey. Continuing thence southward

it crosses the country, the thickness still increasing, till it strikes lake Ontario, on lake Outario.

where it amounts to about 600 feet. Its lower or eastern side comes out

upon the lake near Port Credit, and the formation continues thence westward

doubling around the head of the lake at Dundas, from which it runs along its

southern shore eastward to the Niagara river and crosses into the state of

New York, The sandstone at the top of the formation is an excellent build-

ing stone, and it is also used for grindstones and scythe stones. This band

begins in the township of Nottawasaga, and is found all along the course of

the formation to lake Ontario. Some beds of a brownish pink color occurring Forks of Credit.]

-at the Forks of the Credit are highly esteemed as building stones.

CLINTON FORMATION.
This is named from Clinton county in New York state, and consists in

Ontario of greenish and drab grey shales and thinly bedded siliceous and N'ature of for-,

(•••II maUon.
argillaceous limestones of similar colors, amounting to from 80 to 180 feet in

thickness, together with a very ferruginous red band which, near Rochester,

is called the "iron-ore bed," where it is said to have been used at one time as

.an ore of iron. The Clinton formation runs lengthwise through the centre of Distribution.

Manitoulin island, along the south-west side of Georgian bay, and thence south-

ward to the head of lake Ontario, from which it strikes eastward alon" the

base of "the mountain" and crosses the Niagara river. In the county of Grey

the "iron-ore bed" is bright red and chalky or marly, but near lake Ontario iron-or* bed.

it has become harder and more shaly, and contains a somewhat larger per-
'

centage of iron.

NIAGARA FORMATION.

This is one of the best marked of the fossiliferous formations of Ontario.

It runs through all the Manitoulin group of islands, the Indian peninsula

* The name of this formation should appear in the table of Divisions of the Rocks of
Ontario on p. 2, between the Utica and Medina formations.



44

Tliickness.

Nature of

formation.

The Niagara
escarpnient.

Blue mountains,

Niatrara Falls.

On lake Temis-
earning'.

Near James
bay.

Thickness and
distribution.

and the Niagara peninsula, crosses the Niagara river and ends in Herkimer

county in New York. It appears to attain its maximum thickness on Grand

Manitoulin island, where the writer estimated it at 450 feet. At Owen

Sound it is about 400 and at Hamilton 240 feet. It thus diminishes towards

the south and east, while the underlying formations increase in these

directions. Except along the Niagara river, where the lower 80 feet consist

of bluish black shale, the formation is made up of dolomite or magnesian

limestone. Northward of lake Ontario it becomes thickly bedded, of an open

crystalline texture and a light grey color, but in the Niagara peninsula it is

of a darker shade, closer texture and is more thinly bedded.

The Niagara formation is remarkable for the prominent escarpment which

marks the lower or eastern boundary in all parts of its distribution. It is a

conspicuous feature all along the sinuous course of the base of the formation

to the south-west of Georgian bay, and forms the upper part of the Blue

mountains in the townships of Collingwood and Osprey, which have an eleva-

tion, according to levels taken by the writer, of upwards of 1,200 feet over lake

Huron, or about 1,800 feet above the sea. This is higher than the average

altitude of the watershed between the great lakes and Hudson bay. From

the Blue mountains the escarpment follows a general southerly course to the

head of lake Ontario, and from thence it forms the crest of "the mountain"

as far as Queenston. The goi-ge of the Niagara river, into which the falls

pour their waters, cuts through the formation, the upper or limestone part

amounting to 164 feet in thickness, and the above mentioned shale at the

bottom to 80 feet. The Niagara limestone everywhere in western Ontario

affords an excellent building stone, and it also burns to good lime.

At the head of lake Temiscaming, which is situated at the great bend of

the Ottawa river, there is a large outlier of this formation consisting of from

300 to 500 feet of grey limestones, with arenaceous beds and coarse or boulder

conglomerates at the base.

In the northern part of the province, west of James bay, we meet with

almost horizontal grey and yellowish-grey limestones, containing fossils,

which, according to the late Mi'. E. Billings, the celebrated pala?ontologist,

belong to the Niagara formation. These strata occur along the Albany river

above its junction with the Kenogami, and also along the latter stream as far

up as the first portage. The limestones are overlaid by a considerable thick-

ness of chocolate-colored marls with greenish layers and patches, but without

observed fossils.

GUELPH FORMATION.

This formation, which occurs only in Ontario, was named at the sugges-

tion of the writer after the town of Guelph, which is situated upon it. Its

greatest thickness, about 160 feet, is attained in the central part of the

western peninsula, from which it diminishes both south-eastward and north-

westward, terminating about the Niagara river in the one direction and on

the south side of the Manitoulin island in the other. Throughout the greater

part of its distribution it consists of a light buff or cream -colored dolomite of

a finely crystalline or granular texture, resembling sandstone, but in the-

Niagara peninsula it becomes dark grey and bituminous, an d more distinctly^
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crystalline. It is well defined as a formation by a considerable number of ^' Economics.
<;haracteristic fossils. The Guelph dolomites form beautiful building stones,

and they have been largely used for this purpose in Gait, Gaelph, Elora and
Fergus. They also burn to lime of excellent quality.

ONONDASA (salt) FORMATION.

This formation is named after Onondaga in the state of New York, and
is celebrated for its salt-bearing character. It consists principally of yellowish

and drab colored dolomites and greenish and drab shales, with some reddish mation.

layers, especially near the base of the formation. It occurs along the east

shore of lake Huron from Goderich to the mouth of the Saugeen river, from
which it turns east and south, rounding the northern end of a wide synclinal
, c^ .-, 11, in^^ Distribution.
between boutfaampton and the head of Owen Sound, and running thence

south-easterly to the Grand river, from which it takes an easterly course to

the Niagara. The numerous borings which have been made through the

formation in search of salt in the country to the east of lake Huron prove it

to have a thickness of 775 feet at Goderich and 508 feet at Kincardine, Thickness.

but this has diminished to about 300 feet where it crosses the Niagara
river above the falls. The beds of rock-salt which furnish the brine of sait.

the wells at Kincardine, Wingham, Blyth, Clinton, Goderich, Exeter, Sea-

forth, etc., occur towards the base of the formation and are only reached
by deep boring. The bore-holes for some of these salt wells have also passed Gypsum.

through deposits of gypsum, Beds of this mineral occur likewise alono- the

Grand river from a short distance above Paris to near Cayuga. Most of it is

of a grey color, useful as a mineral manure, but in some places it is white
enough to calcine for stucco and alabastine. One of these localities is tho

Merritt mine, where there is a bed of white gypsum four to six or seven

feet in thickness. Further particulars of these deposits, contained in the

-evidence collected by the Commission, are published in another part of this

report.

In this formation on the east side of the Saugeen river, just above
Walker ton, the writer in 1861 discovered lithographic stone of excellent Lithographic

quality, but breaking transversely into pieces of too small size to be of much
^"'"^"

value. The band forms the top of the bank of the river, and the beds

associated with it burn into a remarkably white lime.

On Moose river, banks of gypsum occur from ten to twentv feet hi<^h

especially on the north-west side below the junction of the Missinaibi for a

space of about seven miles, or from thirty-one up to thirty-eight miles above Gypsum on

Moose Factory. About ten feet of the lower part of the deposit consist of
^"^^^ "^^'^'

solid gypsum of a light bluish grey color, but the upper portions are mixed
with marl. In some sections of these banks a comparatively small propor-

tion of the gypsum, but still large commercially speaking, is nearly white

and from this circumstance they have received the name of " the white

banks." The geological age of these deposits cannot be far from the Onon-
daga formation, and it would not be surprising if salt should also be found in

the rocks with which they are associated.
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LOWER IIKLDERBURG FORMATION.

A portioa of the Waterlime division of the Lower Helderbvirg forraatioR

of the state of New York reaches the township of Bertie on the Ontario side

of the Niagara river, but as it is unimportant and closely connected with the

Onondaga formation, it requires no further description in the present short

sketch.

THE DEVONIAN SYSTEM.

This system, which derives its name from Devonshire in England, was at

one time called the Old Red Sandstone to distinguish it from the Permian,

which was known as the New Red Sandstone. Some geologists have advocated

changing the name in America to " Erian," but there seems to be no suflBcient

reason for this, and as Sir William Logan followed the method of calling the

systems by their British names and the formations by those adopted in the

United States, we prefer to adhere to an uniform plan of nomenclature, and to

continue to recognise the well established name of this system. The Devonian

rocks are important in various countries, from holding deposits of petroleum,

salt, gypsum and iron ore, and they are also of interest geologically from the

fact that it is among them that the remains of fishes and land plants first

Red sandstones, became abundant. Red sandstones form a prominent feature in the Devon-

shire rocks of the eastern part of the Gasp6 peninsula in Quebec, but they are

absent from them in the province of Ontario, This system occupies a con-

siderable area in the western peninsula and again in the northern part of the

province, and in both of these regions the Corniferous formation constitutes

its most prominent member.

ORISKANT FORMATION.

This is the lowest in the Devonian system, and is represented in Ontario

by only about twenty-five feet of coarse grey and brownish sandstone. It is

exposed in various places along the base of the^nextliigher formation between

the township of Windham and the Niagara river. It has been used as mill-

stones for the preparation of oatmeal, and also for building purposes.

Economics.

Sandstone.

CORNIFEROUS FORMATION,
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The Corniferous formation is so called from the nodules of hornstone

which it frequently encloses. Its base or lower border runs north-eastward from

near Goderich to the township of Greenock, where it turns around the north

end of the wide synclinal already referred to, from whence it takes a south-

ward course to the township of Burford, and then strikes eastward to the

township of Bertie. The shore of lake Erie from the outlet of the Niagara

river to Port Eowan lies upon this formation. Its junction with the over-

lying Hamilton formation is covered with superficial deposits, but it is sup-

posed to run northward from near Port Rowan, keeping at a distance of

twenty to twenty-five miles from the line above described as marking the base

of the formation.

In western Ontario it consists mostly of grey limestone, containing great

numbers of fossil corals, some]^of which form masses of considerable size. It

makes a fair building stone, and is also burnt for lime. Borings for wells in

south-western Ontario have given the following thicknesses for limestone sup-
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posed to represent the Corniferous in each case : Port Lambton, 320 feet
;

Petrolia, 248 and 378 ; one mile south-west of Belle river, 209 ; Leamington,

310. In such borings, however, it is difficult to draw a line between the

limestones of this formation and those of the underlying Onondaga.

The petroleum of the Enniskillen field is drawn directly from the Oorni-...,.,, Petroleum.

ferous limestone, but it has not been proved that it originated in these rocks.

There are reasons for supposing it to be q-uite as likely that the oil comes

up from the underlying Trenton formation.*

In the region south-west of James bay the Corniferous formation occu-

pies an area greater than all the western peninsula of Ontario. A large part

of this, lying between the Albany river and the basin of the Moose river,

comes within the northern part of the province. It consists mostly of porous James bay

and cavernous drab grey and yellowish grey fossiliferous limestones resting

directly upon the Archaean rocks to the southward, the line of junction cutting

the Missinaibi river just below Hell-gate, the Mattagami just below the Long

Portage, and the Abittibi just below "The Otters" portage. Many of the

Corniferous fossils of this district belong to species which differ from thbse

of the formation in regions to the south of the height-of-land, tending

to show that there was here a separate basin in these early times as

well as now. At the foot of Grand rapid on the Mattagami river the-

writer, in 1375, discovered a large deposit of rich clay-ironstone in these Qiay ironstonfe

rocks, t The materials of the Drift, for a considerable distance to the south-

ward of the Corniferous formation in this region, contain fragments of this

ore, indicating that it exists, and probably in the same horizon, among these

rocks in many other places besides the above mentioned locality on the

Mattagami.

HAMILTON FORMATION.

This is not called after the city of Hamilton, but a village of the same

name in the state of New York. It consists of bluish and drab grey clays or xatureof

marls, called " soapstone " by the well-borers, with some greyish limestones,
'°™^*'"^"-

and occasionally an arenaceous band. The total thickness of the formation in

Ontario is estimated to be about three hundred feet, of which the lower 170

or 185 feet are found below the Drift clay and above the Corniferous lime-

stone in the oil territory of Enniskillen. This impervious rock has served to

prevent the upward escape and loss of the petroleum and gas of this region in

past ages.

CHEiMUNG AND PORTAGE FORMATION.

This is represented in Ontario by a few feet of black bituminous shales

in the southern part of the county of Huron and the northern part of Lambton. Bi,icks)iaies-

A narrow border of the formation may also exist beneath the Drift on the

north shore of lake Erie, between Rondeau and Port Talbot. In the states

of New York, Pennsylvania and Michigan these rocks are, however, exten-

sively developed, and constitute an important formation.

*"The Petroleum Field of Ontario," by Dr. R. Bell in the Transactions of the Royal
Society of Canada for 1887, page 109.

tReport of the Geological Survey for 1875-76, page 321.
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THE POST TERTIARY SYSTEM.

The rocks which have been described in the foregoing pages comprise

all the ancient or fundamental formations represented in Ontario, the

remainder of the geological scale which is so largely developed in various

other parts of the world being entirely wanting till we come to the Post

Tertiary period, which includes our superficial deposits such as boulder-clay,

stratified clay, sand, gravel, etc. • The oldest of these is called the Drift.

THE DKIFT.

In a previous part of this section a description was given of the exten-

sive olaciation which took place in the Archaean regions of Ontario during

the Drift period, so that it will be unnecessary to dwell further on that

part of the subject. The glacial phenomena are also very noticeable through-

out the Palaeozoic districts, so that everywhere in the province the surfaces

of the solid rocks bear the ancient ice-marks in the shape of flutings or

furrows and grooves or striae. With the exception of the high lands neai*

the east coast of Labrador, no part of the Dominion on this side of the

Rockj^ mountains, as far as known, appears to have escaped the action of

glaciers in the Drift period. The rocks in the Archfem districts are every-

where ground down and rounded, the evidence of the glacial action being

usually as T)lain on the tops and sides of the hills as in the valleys. In the

Palaeozoic regions, where the strata lie almost horizontally, the wearing down

of the rocks has taken place principally along the planes of bedding.

Where the dip happens to be in about the same direction as that which was

taken by this great denuding force, the excavations naturally deepened until

a point was reached where the weight and solidity of the opposing rocks

became sufficient to resist the ice-mass, and in this way escarpments have

been formed. All the great lakes of the St. Lawrence, except lake Superior,

lie in basins of erosion which have been hollowed out in the same manner.

The basin of lake Superior, although its origin was of volcanic nature, has

been much enlarged by glacial denudation. It has been shown that the lakes

of our Archaean regions are all of glacial origin, and that most of them lie

in rock-basins excavated during the Drift period. A few of them owe their

existence to moraines or dams of glacial debris, which held up their waters.

The fracturing of the sedimentary rocks along anticlinal lines has greatly

aided glacial erosion, and in this way long bays have been formed in the geo-

graphical outlines of the formations, such as those on Manitoulin island, the

Indian peninsula and thence to lake Ontario, and all along the base of the

Black River formation from Matchedash bay to Kingston.

A marked difference is observable in the effects of glacial action on the

opposite sides of the Archaean nucleus on which the Palaeozoic strata rest.

Valleys or water channels have been formed wherever the ancient glaciers

plunged downward off the Archaean highlands upon the opposing edges of the

newer rocks, as all along the southern boundary of the Laurentian and

Huronian rocks of the province. But no such action took place when the

glacial mass was forced up the gentle slope of the Palaeozoic beds of the

basin of Hudson bay and thence upon the Archaean plateau to the south of it.
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Here we find no physical features to mark the line of contact between the
^q^^^^ ^f the

two kinds of rock which differ so much from one another. On the east side indent glaciers.

of Hudson bay deep channels and valleys with high escarpments facing

inland have been formed by the descent of the old west-moving glaciers

against the up-turned edges of the Cambrian rocks along that coast, while on

the opposite side of the bay they moved off the Devonian and Silurian rocks

without leaving any impression on the geographical features of that region.

In the metamorphic regions in the northern parts of Ontario, the

rounded glaciated surfaces of the tops and sides of the hills have been left

almost or quite bare in many parts, but in most districts and especially in
^^.-^^^^ j,j ^.j^^

the Palaeozoic areas of the province the smoothed and grooved or striated
^^([*pai*^zoic

rock-surfaces are covered by a thick deposit of stiff clay mixed with sand, regions,

gravel, stones and boulders. This is known as drift, boulder-clay, hard-pan, etc.

In Scotland it is called till, and this convenient name is now being adopted

in America and elsewhere. On the higher grounds north of lakes Superior

and Huron there is usually but little clay, the drift consisting of loose

boulders, stones, gravel and sand.

The transportation of the boulders in the till, as well as those lying on

bare surfaces, has been simultaneous with the planing and grooving of the Glacial111.,! A . .,.,. phenomena.
rocks, and due to the same cause. An erroneous impression which is very

prevalent attributes both these phenomena to icebergs. Although the latter

may have brought some boulders and dropped them among the Post Tertiary

clays and sands, they appear to have had little influence on the formation of

the underlying till, and they have had nothing to do with the wearing down
and grooving of the solid rocks. The ice-grooves are locally nearly parallel

except in cases where different sets cross one another. In pursuing their

course they will go up one side of a rounded ridge or knoll of rock and

down the other, or they may curve around it and even pass under overhanging

rocks, grooving both the wall and roof in a manner quite impossible to have

been produced by a floating iceberg. The glacial phenomena of the Drift

period in these latitudes correspond in every way with what may be observed

on a small scale in connection with modern glaciers, and there can be no

doubt that they have been due to land ice. These phenomena occurred at

this period in the north temperate zone all around the globe, and the gigantic

scale on which they operated constitutes one of the most extraordinary phases of

the earth's history. The prevalence of ice was so general at this time that

it is also known as the Glacial Period.

The general direction of the glacial movement over Ontario, as shown

by the strife, was southward, but it varied greatly to the east and west of

south in different regions. North of lakes Huron and Superior, and from the glacial

the latter westward to Lake-of-the-Woods, it was generally south-westward,
'"°^^'"

but in some instances it varied greatly from this on account of local causes.

In the western peninsula it was south-eastward, but around lake Ontario

south-westward ; in the lower Ottawa valley south-eastward, but north qf it

the direction was south-south-westward. In the Eastern Townships it was

south-eastward, while around Montreal the course was south-westward.

M. (4)
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Local causes
influencing the
Bourse of

fflaciers.

Lateral and
terminal

'

moraines.

Material of the
drift.

Clay, sand and
gravel strata.

Marine fossils in
districts of drift.

The striae following the above courses may not have been all produced at

the same time and by a continuous glacier. The ice-sheet would probably

moTe in different courses in different parts, according to the general slope of

the surface on which" it rested, or according as it accumulated in one part

and the resistance became relieved in another. When the maximum had

passed, the more its mass diminished the more it would be influenced by the

local form of the land. Finally, when it became divided into separate

glaciers, these would follow the valleys or would be guided by their confining

ridges. Hence in the bottoms of many valleys we find the striae parallel

to their general thi^ead. There is reason to believe that the relative levels of

some parts of this continent have changed considerably since the Drift

period, and this circumstance must be taken into consideration in connection

with the formation and the movements of the ice-sheets of glacial times.

The local or final glaciers of the period sometimes ploughed their way

into the mass of till which had been left by the more general one. They

also left behind them lateral ridges or moraines of boulders and earth. Some

fine examples of these are to be seen on either side of the southern part of

Long lake, north of lake Superior, and along the upper parts of the valley of

Steel river in the same region. In some cases the ancient glaciers also left

terminal moraines, and these by damming up the waters have formed some

of our smaller lakes in the north country.

At any given locality the greater part of the materials of the drift

usually consist of the debris of the rocks immediately underlying it, but it

generally also contains a large amount of transported material, the percentage

diminishing about in proportion to the distance from which it has been

carried, the harder rocks surviving the wearing action the longest, and thus

travelling the furthest.

On the generally lower levels of the province, and in local depres-

sions elsewhere, we find stratified clay, sand and gravel resting upon the till.

These sands and gravels are usually above the clay. It is supposed that the

cause of this was a submergence of the land after the Glacial period, during

which the clays were deposited, and as the land rose again the sands were

spread over them, and that both deposits were worn into terraces during^

stationary intervals while the general elevation was going on.

In the eastern and northern parts of the province some of the clays and

sands contain sea shells and other fossils, indicating a marine origin. In the

valley of the St. Lawrence these are found as far west as Brockville, and

along the Ottawa they extend about as far up as the junction of the Bonne-

chere river in clays and sands which constitute continuations of extensive

deposits of the same character in the province of Quebec. But no marine

fossils have as yet been found in any of the Post Tertiary deposits in the

province west of these points and south of the watershed of Hudson bay.

The writer has, however, discovered a variety of marine shells on the Albany,

Kenogami, Missinaibi and Mattagami rivers up to heights of about 300 feet

above the sea level and more than one hundred miles inland.

"West of the points above mentioned, south of the height-of-land,

the marine deposits are replaced by others which appear to be in part, at
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least, of fresh water origin. One of the most important of these is an

extensive blue clay deposit which we have called the Erie clay, and which ^'^^ ^"^ ^"<*

has as yet yielded no organic remains of any kind. It burns to white bricks,

while the marine clays to the east burn red. The Erie clay is often very

calcareous, and is seldom or never entirely free from pebbles and stones, more

or less thiskly disseminated through it. Indeed it often seems to merge into

the underlying boulder clay. It covers the whole of the south-western part

of the western peninsula, and is locally developed in many other parts of the

province as far east as the line of I'ailway from Brockville to Ottawa. Its

greatest known depth is about 200 feet, but it is found at differences of levels

amounting to 500 feet. When seen in fresh section it presents lines of strati-

fication, and often a transversely jointed structure. In some localities its

upper parts have been unevenly denuded before the deposition of the next

higher formation, which consists of brownish clay yielding red bricks. This

unconformable formation is well developed in the valley of the Saugeen river,

and hence it has received the name of the Saugeen clay. Its thickness

appears to be less than that of the Erie clay, but it is found in broken areas

in all parts of the province except the most easterly and northerly. When
seen in fresh section it is usually found to be very distinctly stratified in thin

layers, sometimes with partings of fine sand between them. Beds of sand

and gravel are occasionally found between the Erie and Saugeen clays, and

these are of importance as affording good wells of water. Fresh-water shells

have been detected in a few instances in the Saugeen clay.

The sand deposits overlying the Saugeen clay in the southern parts of

Ontario are too irregular and varied in character to admit of classification AiKoma sand.

for the present. But in the district of Algoma and between the great lakes

and the Ottawa river a yellowish sand, to which the name of the Algoma
sand has been given, is extensively distributed in the more level areas, while

on the higher grounds are found considerable accumulations of gravel, stones

and boulders, which have been already referred to. Deposits of clay resting

on sand with clay again beneath are found over large areas in the extensive

and comparatively level tracts beyond the height-of-land. These regions have

been explored and reported upon for the provincial government by Mr. E. B.

Borron, who has paid much attention to their surface geology.

In the western peninsula there is a remarkable and very extensive

accumulation of gravel above or west of the Niagara escarpment, which Artemesia

extends from near Owen Sound to Brantford. It has been called the Artemesia
^'^^^'^

"

gravel, after the township of that name, and consists principally of the debris

of the Niagara and Guelph formations, with some pebbles and boulders of

Laurentian origin. The gravel, which has a considerable depth, is well

rounded, often washed clean of finer material, and is extensively used for

road metal.

From an economic point of view the superficial deposits are important in

relation to water supply, the nature of the soils which they afford, etc. , and Economics of

many of the clays hs^ire a direct value for the manufacture of bricks and drain
^^^ ^""'

tiles. The shell-marls and peat among the recent deposits also belong to this

part of our subject. Lignite, associated with clay and sand, is found on the
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Goulais river, and indications of it have also been met with on Rainy river

and the southern part of Lake-of-the-Woods. North of the height-of land the

writer has found beds of this substance associated with the till and the over-

lying deposits in several places on the Missinaibi river, and also on the

Kenogami.

Extracts from the evidence of witnesses examined by the Commission

bearing on the geology of the province are appended to this section, in

accordance with the general plan of the Report.

EASTERN ONTARIO REGION.

Charles Taylor—We get actinolite within a distance of two and a half to four

Actinolite in miles from Bridgewater ; there is some in the 2nd concession of Hungei-ford, and
Hungerford and there is some on lot 7 in the 2nd concession of Elzevir. I know where there is

plenty of it, but the greatest deposits are in those places ; it is in pockets in a
magaesian rock associated with dolomite. It appears in forms like veins, which
run crosswise of the country rock. We find it at the surface, but have never been
successful in following it to any depth ; it appears to be in pockets and runs out.

Joseph Bawden—The magnetite in Bedford is found against crystalline lime-

stone, with hornblende on one side and hornblende or granite on the other. In one

Occurrences of oceurrence the hornblende is on the north and the crystalline limestone on the
magnetic iron south. At Black lake we have the granite on the north side, and I think crystalline
ore and plumba- limestone Oil the south side, but I cannot speak positively as to that as it is under

water. The granite in Bedford is, I think, mostly on the north side. The course

of the iron deposits is north-east and south-west. Some years ago a shaft was
sunk 30 feet, and a drift of 30 feet was opened on lot 2 in the 6th, and about
100 baiTels of plumbago were taken out and shipped to the United States, since

which time no work has been done and no plumbago has been mined for export.

The plumbago occurs kidney shaped, and in round nodules in crystalline lime-

stone in a well defined vein fully three-quarters of a mile in length and 10 feet

wide ; the walls are limestone. "The gangue is crystalline calcspar occuring

in crystalline limestone. The vein is defined by a little band of hematite,

a gossan streak on each side of the vein; it is just like a ribbon. I take it to

be a true fissure vein. The limestone in the vein is coarser, and it is plumbaginous,
the plumbago being diflfused through the vein as mentioned. The nodules are from
a quai'ter of a pound to five pounds weight. The plumbago is of very good quality.

Michael Grady—The iron deposits of the Kingston and Pembroke region are

usually found in belts the general run of which is north-east and south-west,

about the same as the ordinary run of the rock. The associated rock is granite, and
where we find limestone coming in contact with it we always consider the
indications favorable for iron. The largest deposits I found were where the
limestone and granite came in contact. We have found some soapstone on the
surface, but as a general thing it is down deep. I have found some connected
with diorite. It is difficult to account for its occurrence when hardly any two
experts will agree ; each seems to have his own idea. I never noticed any ranges
of greenstone rock. The rock in this country varies very much. In building
the railway in a cutting of two or three hundred feet four or five different kinds
of rock would be found, such as limestone, red granite and black granite.

William Rattle—There is no question but they have the true formation for

Iron ore in ore-bearing rocks in Darling. We found specular ore in several places on the
Darling. range. In one place we were shown a vein of magnetite 35 feet in width. At

another place we saw hematite at least 15 feet in width, and in length we traced it

200 feet. I should judge from appearance that it was a very good quality of ore ; it

had no appearance of sulphur or titanium. That was at Playfairville. The
course of those veins is north-east and south-west, dipping about 75° to the
south-east.

C. J. Prtsey—The course of iron deposits in the Haliburton region is north-
east and south-west. I have carefully observed the shores on the north and south
sides of Burnt river, and they differ essentially. On the south side it is an open,
granular ore of the hematite or specular kind, while that on the north side is a
magnetic ore of close grain and smooth fracture. A number of specimens analysed
•by Professor Ghapman, taken from various locations on the north side of the river

Iron ore in the
Kingston and
Pembroke dis-

trict.

Iron ores in the
Haliburton dis-

trict.



over a distance of fifty miles, were so uniform in their character that they were
supposed by the analyst to be taken from one location. Ores have been discovered

at eight or ten different points between the north-east comer of the township of

Glamorgan and the village of Bancroft, in the township of Dungannon, a distance of

nearly forty miles.

George Bichardson^In the Kingston district the phosphate occurs in limestone phosphate of
veins in granite, the phosphate occurring in irregular masses in it. 1 have noticed lime,

phosphate at Haley's, and it is about the same formation. Mr. Smith's mines are
irregular ; the work is done the same as in a quarry, there being enough phosphate
between the layers of granite to make it pay. In Loughborough a great deal of the
phosphate is found in connection with pyroxene rock ; the pyroxene sometimes
mixes with the phosphate and makes it valueless. Sometimes crystalline limestone
is mixed with the phosphate in the same way.

Robert Adams—The apatite in the Perth district occurs more in regular seams
than in the Ottawa district of Quebec, where it occurs in bunches through the }^^^?h\t'^^

gangue rock. We have traced many distinct veins as much as a mile. They are, phosphate

I think, mostly across the line of the stratification. Most of them run in a north- ^'^'"^ *" *^®

west and south-east direction, but there is a good deal of irregularity about them. ^ '^^"'^ "

The country rock is uniform, and consists largely of pyroxene. There is also a

great deal of quaitz in that country, and pink calcspar. In some cases we find

veins in the line of the stratification, and we have struck phosphate veins running
at right angles. The width of the veins varies from a few inches to six and
seven feet. The greatest depth we have gone there is 100 feet. We find that as

we go down the width varies, being in and out all the way down. We see no
difference as far as we have observed between the workings at a depth and at

the surface.

James Foxton—At the surface where we found the phosphate on lot thirteen
in the tenth concession of Loughborough, it was about two and a half feet wide. Occurrence of

It is enclosed in a kind of a hard black rock. On the surface we have stripped the Hme in

vein about twenty feet, and we have made openings along the course of the vein, Loughborough,

which runs across the whole lot. The tendency of the vein was to widen as we
went down. At the top it was two and a half feet, at ten feet it was about five

feet, then it ran about the same dovrn to about forty or fifty feet, and at that depth
it was about ten feet wide. Then it began to narrow till it got to be about four
feet ; after that it began to widen again, and continued to widen till we came upon
a " horse." After passing that it continued to increase in width till at the depth
of 115 feet it is fifteen feet. The shaft is about perpendicular; a bucket will go
down without touching anything. Sometimes we come on pieces of hornblende,
some of them as large as two by four feet ; the phosphate is all around them and
they come out as clean as possible. The phosphate as it comes up is mixed with
hornblende and the wall rock, and that is where we have the labor of cobbing it.

James Bell—In the Perth district we find that generally where there is a Mica and
mixture of mica, very fine and almost like salt, it is an indication that phosphate is phosphate of

there. It is pretty certain to lead to a vein. There is any quantity of this dark Perth district,

mica, but it is in distinct veins ; it occurs on the same lot as the phosphate and
within 400 or 500 feet of it. The mica occurs in veins of different widths from
about three feet up to nine and ten feet. There are any number of these mica
veins, the whole surface being covered with them.

William Kelly—My lithographic property is in the township of Marmora, Lithograpii

being lots nine and ten in the third concession. I think the quarrj^ extends over stone in

100 acres ; it crops up at the surface, and we have sunk about seven or eight feet jia^c*^
^""^

upon it. I do not know the depth below that. It is on the east side of Marmora
lake. The layers are from six to twenty-four inches thick, and as they go down the
thicknesses are greater ; it would require to be sawed for the market. It is a pure
lithographic stone. It has been tested and pronounced by experts to be equal to

the best German. The property is ccmvenient for shipping.

D. E. K. Stetrart—I am interested in a lithographic stone property on lot 7

in the 5th concession of Madoc. It is laminated and there are very large quantities
of it. The layers of stone are from two to four and five inches thick. We can get
blocks of it of almost any size ; I have taken out some 48 by 36 inches. There is

upwards of 20 acres covered with this stone, and it is so situated that it would not
be expensive to work.

W. J. Morris—Barytes occurs in Bathurst, North Burgess and North Crosby. Barvtes.

In Oso I have seen a perfectlj'^ pure vein three feet wide. I have seen it»also in good
workable veins in North Crosby.
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Pire clay at
Toronto.

J. D. Deu-ar—Very good fire clay has been found near Toronto, and there is

any amount to be found on any of the creeks. An analysis by Mr. Sperry gave
silica 63.05, aluminum 21.06, ferric-oxide, 5.02, water .63. One analysis from the

surface showed 2 per cent, of lime, but I think that was owing to fossils. There
are hundreds of acres of it past the Humber ; the river runs over it. It resembles

a blue clay and they call it shale here. What I am using I iind to be very good.

Salt boring at
Seaforth.

Salt boring at
Ooderich.

Tecumseh
well

International
well.

Attrill's well.

Boring at Mit-
chell.

Dublin.

Brussels.

WESTERN ONTARIO REGION.

Dr. Timothy Coleman—Our well at Seaforth is about 1,120 feet deep. The
first lUO feet was through a loose kind of limestone, hard, with soft streaks. At
350 feet we struck a strong flow of fresh water which rushed up to within six or

seven feet of the surface. After going to about 450 feet the Guelph limestone is

struck. At 800 feet there is a kind of rotten stone of a clay color ; there is about
fifty or sixty feet, but about midway is a layer of very hard stone intervening. At
880 feet there is a bed of clay, and after that it is limestone down to the salt, at

1,020 feet. There is a bed of salt at that depth of seven or eight feet. We con-

tinued on 101 feet and stopped, as we were in the rock salt and had all we wanted.
After coming to the first bed of salt there is a layer of three or four feet of porous
rock.

Peter McEwan—The first well I drilled in this part of the country (Goderich)
was in 1868, called the Tecumseh. It Avas in the town, and the depth was 1,130
feet. The depth of the surface material or drift on the high land is 120 feet, and
in the valley 30 or 35 feet. There the surface material is marl, while on the hill it

is different. The first 30 feet of the Tecumseh well was quicksand, and beloAv that

it was blue clay down to the rock. There was a streak of gravel on the rock below
the clay, and a little clay mixed with the gravel. It was a sort of hard pan like

cement, varying from 5 to 10 feet thick. The only difference in the wells here is

before striking the rock ; after that all are the same. The International well was
drilled in the winter of 1873-4. There was no quicksand there; it was clay down
about 110 feet. Below that there was a streak of hard-pan about 10 feet, and then
a grey limestone rock. The first 50 or 100 feet of the limestone is hard ; after that
it becomes softer and more broken, and is full of water. After getting through the
broken rock the limestone becomes more solid again, and there are nodules of flint

in it. At 750 feet we reach blue shale with streaks of blue clay, which continues
down about 1,030 feet, where the salt is struck. We suppose that the first bed of

salt is about 10 feet in thickness. Below that we have 30 feet of light brown lime-

stone of very fine grain ; then a bed of salt about 30 feet, then 4 feet of blue
shale, then another bed of salt about 22 feet, below which we found a brown lime-

stone similar to the first. We did not go much more than 15 or 20 feet further,

and I think the limestone does not go below that. Before we struck the salt rock
itself the shale became salty, no doubt with small streaks of salt. The first salt we
struck had small streaks of shale in it, and there are small streaks of gypsum at the
bottom of the shale. The purest salt of all is in the lowest bed. In Attrill's well
they went down further than we did, and struck two or three small beds below
ours ; they were very thin beds. At the greatest depth of all they struck a red
shale. In 1871 we sank a well in Mitchell 2,000 feet and did not get salt. The
material passed through was pretty much the same as here, but there was not such
a thickness of limestone. About the depth at which we expected to get salt we
got saline water. We got about as much white clay as we get salt here. The sur-

face is about the same as here, but there is about 100 feet of limestone less than
here. When down about where the salt should be we met shale the same as here,

but softer than ours. There it is more like slate. In Seaforth there is about 200
feet like clay, and in both Mitchell and Dublin where we should have struck the
salt we came on the substance like pipe-clay. There was about the same thickness
of it as we get of the salt rock here. It was very like the blue clay, only there was
the difference in color. I do not think any experiments were made with it. At
about 1,200 or 1,400 feet we struck a red or light brown shale which continued to

the bottom, 2,000 feet; there would be about 600 or 700 feet of it. That is the
deepest well in this part of Canada, that I know of. The salt appears to play
out between Seaforth and Dublin. I drilled a well one and a quarter miles east

of Seaforth and got salt, but not in large quantity. At Dublin we did not
get any salt; there was salt water, but nothing that could be called rock salt.

In 1872 at Brussels we went through similar strata, and we got salt water and
pumped fof three weeks ; there was some salt made there, but it was con-
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sidered a failure. Another party drilled a well at Wroxeter. J do not know
much about the log of that well, but I know they did not get salt. After that

another man drilled a well three quarters of a mile south of where we did and

within the corporation of Brussels, and he got salt. That shows the town to be on

the edge of the salt bed. Of course there is plenty of salt for manufacturing pur-

poses, though not as much as here. The salt was got there a little nearer the

surface than at Seaforth. To the north-west they drilled at Kincardine and got
^^'ri^j"*"^*"®

salt ; at Port Elgin they drilled but did not get salt, as also at Southampton. Mr. '^ "* '

Williams of this town owns a well at Port Franks, 40 miles south of here. We can ^''^ i-^nks.

trace the salt bed all the way from here to Marine City in Michigan. At Parkhill ParkhUi.

they drilled a well and got the same salt bed as we have. The well is a good one

but is not being used. At Petrolia also, as well as at Bothwell, they have the same Petroha.

salt bed as we have, but more of it. There it is under the petroleum, and deeper

than here. The basin gets deeper and there is more salt towards the south
;

probably the great basin is under the state of Ohio. The salt rock at Goderich is ^^^^ ^^
950 feet below the level of the lake. At Couvtright they have to go down 1,500 °"' "^

or i,()00 feet to get the same salt bed, showing that it dii:>s in that direction, and
extends all the way. Across the St. Clair river from Courtri'^ht there are two or three

wells, and there are several from there south towards Detroit. The whole of that

section of the country is underlaid with salt. In sinking wells at Courtright and manufactures on

St. Clair they had the benefit of our twenty years' experience. They drilled their St. ciair river,

wells on the bank of the river, and that is a grand place for commerce. A hundred
vessels pass there for one that comes here, and they can get a great deal cheaper

freights. There is no teaming and no labor in loading ; the salt is loaded right

on the vessels. They can make their salt cheaper than we can. The day is passed

when reciprocity in salt would benefit Canada. Salt has nat been found at Saginaw, Saginaw,

but I think it is there at a greater depth. It is said that a well was sunk near Detroit.

Detroit which went through salt three or four times thicker than ours. At
Manistee they got salt, but of course at a greater depth than here. They have Manistee,

been manufacturing it very cheaply there, as from the waste of their sawmills they
get all the fuel they need.

H. Kittredge—^I drilled six wells north and south of Glencoe ; the deepest was
560 feet. We got a very slight show in that well, so slight that it could hardly be

fjjg^^^j^
^°j

called a show of oil. The character of the rock was very similar to what it is near oiencoe.

Petrolia. The first rock we got in all of those wells was black shale ; below the

black shale we got streaks of limestone, streaks of slate and soapstone, and then
a similar formation to that we have here. Generally there were two large veins of

soapstone with a layer of limestone between the two, known here as the middle,

upper and' lower limestone. After that we got into the hard rock which was con-

tinuous. Oil could not be found there at the same depths as here.

Dtcncan Sinclair—We strike limestone rock here at about 100 feet. In some
places it is 35 or 40 feet thick, and there are streaks of soapstone in it. When we Boring for oil at

go through that we strike about 120 feet of soapstone ; it is soft and of the nature ® ^° "*'

of blue clay. Below that is the middle lime. It averages from 15 to 18 feet and
is not very hard ; it is a kind of a grey limestone. Below that we strike the lower
soapstone ; it is like shale and there is about 40 feet of it. Then we get 70 or 80
feet of hard lime rock again, harder than the middle lime rock. After we get to

400 feet the stratum is between a limestone and a sandstone, and is soft. That
generally runs to a depth of 465 or 480 feet ; then we get the oil rock. It is a brown
kind of rock, very soft and pcirous. I have seen some that looked like honey
comb. Sometimes we find crevices in it, and the tools drop. The largest Avells we
had here were found in crevices, but there are no big wells got in the crevices now.

Hon. J. Baxter—On the bank of the Grand river four miles south of Cayuga
my brothers own a quarry. It is a limestone, but is magncsian and is not good

QramrriT*e"*^
°"

for lime. Under that bed there is a laj^er of stone that could be manufactured into

cement. Some years ago a quantity was burned in an ordinary limekiln. Only a few
barrels were made, but it worked as well as the Thorold, and very much like it.

The stone is grey and brown in color ; a considerable quantity was quarried as build-

ing stone and they get blocks from twelve to fifteen inches thick ; it has been used
at Dunnville. The ({uarry extends along the bank of the river about half a mile.

The stone does not stand the weather as well as the sandstone ; it is more liable to .

crumble. About three miles from Ridgeway there is corniferous limestone. It is
'"*^* **"*"

extensively used in making lime, and makes a first class article, very white,

and about the same quality as the Beachville lime.
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Edward Haycock—I am a civil engineer and mine owner, and my residence is

at Ottawa. I have explored the country around Cross lake, where I saw galena and
copper. The lake is in the Huronian formation, to the north of lake Nipissing.
Six miles south of the lake one strikes the Laurentian formation. All the dis-

coveries of minerals iu that section occur in the Huronian rocks. I found galena,,

carrying a good deal of silver, and in the same vein copper and a good deal of golc^

The vein was from two to six or seven feet wide. It occurs in the trap rock, the
country rock being clay slate. Where the vein runs into the water it appears to be
pretty solid ; it is about five or six feet wide, and may be seen under the
water for some distance. On the island it is very much split up and distributed
through various crevices of the rock. Just above Cross lake, on lake Temagami, I

saw a great deal of mineral ; it was principally on the south-east side of the lake.

I saw a great deal of iron pyrites in deposits, but T do not think I saw a vein at all.

It was pretty pure pyrites—as pure as [ have ever seen it. I had some of it assayed
and the reports went from 5 dwt. to 3 oz. and 4 oz. of gold to the ton. Some of the
deposits were very large. One into which I put a few blasts I should say was five feet
wide, and it has been traced a little over half a mile, all solid pyrites. There is a
great quantity there in the vicinity of the lake, but it is too far from a railway.
The only hope is that the James Bay railway may go on, and if so it would pass
close by. The rock where this pyrites occurs is slate. Some of the deposits are
associated with trap ; the country rock is clay slate. On the north-east side of lake
Temagami are some small showings of copper in quartz veins. The country has
neverbeen prospected or examined properly, and nodoubtwhen it is large deposits will
be found. The copper is in bunches in the quartz. I saw one vein about two or
three feet wide. The islands upon the lake are full of minerals. There is a fine

true roofing slate upon that lake, and enough of it to supply the whole continent.
The same slate is seen again ui^on the Matabechawan, which empties into lake Temis-
caming upon the Ontario side. The slate is exposed and there is a very large extent
of it ; it is a kind of grey-green. It splits into all thicknesses, from the eighth of
an inch up. I have not seen the iron deposits in that region, but beautiful specimens
have been brought to me by the Indians, both of hematite and red specular. The
Indians say the deposits are very large. There is any quantity of timber, and
that is one of the difficulties in exploring, the timber and moss covering the land.
It is small stuff, such as poplar, jack pine, small red pine and white birch. It had
once been burned over. The land around the lake is not good for farming ; there are
a few spots that would make good farms, but only a few ; it is nearly all rock—I am
speaking of the country just around the lake. From Temagami lake is a stream
that empties into the Montreal river called the Temagami branch. There are two
outlets from lake Temagami, the Sturgeon which flows into lake Nipissing, and the
one which empties into the Montreal river. On that branch I have taken up six

claims. On those claims we got galena carrying from 8 up to 64 oz. of silver to
the ton. We got copper running from 18 up to 35 per cent., and one assay of galena
gave us 54 to 64 per cent, of lead. We also got magnetic iron on the same property.
We have one co2)per vein between ten and twelve feet wide, and galena veins from
six inches up to fourteen feet wide. The copper veins are all sulphurous ; they
are quartz with a little spar. It is yellow copper ore, but there is a good deal of
peacock cpper in the large veins. Nearly all the veins have more or less copper

;

there are four in which the copper predominates, and they strike north-east and
south-west, the dip being at about an angle of 45° "to 60°. All the veins dip the
same way and run the same way. We have one vein between 12 and 15 feet wide,
which has been traced 200 feet. It runs about 40 per cent, of mineral, in which
there is from G to 62 oz. of silver to the ton ; that is the largest vein. We have
gone down about 10 or 12 feet on one or two of the veins ; they are in trap, the
country rock being slate ; the veins cut through the trap. Dr. Bell has seen a
couple of them and he says they are true fissure veins. There is no doubt but
that it will pay to work some of the large ones. I intend to put on a large gang of
men next year ; and if the veins prove as good below as they seem to promise, I

shall put up a couple of furnaces. We have plenty of charcoal, and all the flux
necessary, and we will smelt for silver, lead and copper. We have got traces of
gold, but I have not found anything sufficient to consider valuable. I know of a
great many other veins, some of which I intend to take up next year, but before
doing so I want to put in a couple of shots to see how they look below ; if they
are good I shall take them up. They are all in the same district. The country is
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full of minerals there, but what is wanted is practical men to explore it. One
man can do l;ut very little in a wooded country like that. I think gold will be
found. I have found it in diiferent places, where it ran from 5 dwt. up to 3 and
4 oz. I have found it all the way from Cross lake up to the height of land in con-
nection with copper and other minerals. We saw a great deal of jasper in the
conglomerates. The formation is the Huronian. I have got asbestos from half an
inch to nine inches long, but I cannot say whether there is much of it as it has not
been opened up yet. One of the veins shows about a foot wide ; those are veins
in trap, running in the same direction as the quartz veins. In some there appears Asbestos-

to be nothing but asbestos, but nothing has been done at all except to scrape off the
moss. I suppose there are seven or eight of those veins there. I found asbestos

up at the height of land, in serj)entine i-ock. Up the Montreal river I found rich

copper too ; there is one vein there which the Indians told me they traced a mile
and a half, but I did not go over it. The Indians brought some of the ore to me

;

it is very rich. At Round lake we strike a splendid tract of farming land. There
are a couple of good Indian farms there now ; it is a kind of loam, a warm soil. A tract of good

The timber is balsam, birch and spruce ; it is all second growth. There is a great farming land,

depth of soil. I suppose there is between five and six inches of black soil. The subsoil

is loamy clay ; take it in your fingers and it will pulverise. That stretch is between
20 and 30 miles long and 6 to 8 miles wide. There is no large timber upon it.

The Indians grow splendid crops, potatoes especially, but tliey do not sow grain at

all. I saw turnips there half the size of my hat. 1 do not know what time the
season opens, but I got potatoes on my way down, and when I arrived here they
were only coming in. At Matatchewan, still further up, the Hudson Bay company
grows splendid crops of barley. There is not much good land around the trading
post, but further up the Hudson Bay people tell me there is a still better tract of

farming land. The whole of the country from Cross lake to the height of land
near the boundary between Quebec and Ontario is a mineral country. It is all in

the Huronian formation, except here and there a spur of the Laurentian. I think
over the height of land we may strike coal. I have met a good many people who
say they have seen it, but I think it is lignite. That country wants a railway, and Railway
when it gets it there will be immense mining work carried on. The mineral is facilities needed,

thei'e ; mineral that will pay to move. What is wanted is a railway ; a colonisation

road would not answer.

J. C. Bailey—I am a civil engineer, and have been employed in railway survey-
ing in this country and the United States all ray life. I have explored portions of

northern Ontario. I located the Northern and Pacific Junction railway between
Gravenhurst and lake Nipissing. I am chief engineer of the Ontario and Sault Ste.

Marie railway, and have been all the way through the North Shore two or three
times. I have also spent a good deal of time in the country north of lake Huron
and lake Nipissing, and I have explored that section of country between lakes
Nipissing and Temiscaming. I have just returned from exploring the section of

countrybetweenlakeNipissingand lakes Temagami and Temiscaming forthe Nipissing Region of coun-
and James' Bay railway, being chief engineer of that road. We were away on that try explored,

trip fifty or sixty days. We went in a north-westerly direction from North Bay till

we arrived at lake I'emagami. We then went easterly toward lake Temiscaming,
where the Montreal river joins the lake. Theu we turned southerly, keeping to
lake Temiscaming, but gradually getting away from it to the Government road.
We came right through on the road to North Bay. The general character of the
country from North Bay to lake Temagami is rolling land, with a good depth of soil prom XorthBav
and very little rock. We could see the soil along the streams, and in nearly every to lakeTema-

case there was about three feet of thick black loam with a clay subsoil. We could ^""•

tell we were in a good country by the timber. There Avas very little exposure of rock
where the land was good, although along the lakes and rivers there were rounded
rocks, but no', as in Muskoka. From North Bay to Rabbit lake the formation is

Laurentian, but beyond that it is Huronian. In many places the country is covered
with moss. In all the fiats, however, there is a good extent of soil. ()n the
rounded hills the country is thickly wooded with Norway pine. We also found a
good deal of white pine in that region, and some splendid flats of sugar maple, as . . . ^
well as a good deal of black and yellow birch. I measured some of the i)ine, which

^°'''*"'^ timber,

proved to be 20, 30 and even 40 inches in diameter. We also observed a greal deal
of what the lumberuien call the " cork pine," which is the best variety of white pine.
In some places it is mixed with birch, but generally the pine prevails. The best
pine I saw was on good rich land, a sort of sandy loam. The pine forests are very
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thick about lake Temagami and around by Rabbit lake. However, it is almost
impossible to transport the timber by water. There are plenty of streams there, but
practical lumbermen say there are too many falls to admit of timber being floated

down. We went down the Matabechawan, and along that river there is the finest

Norway pine I ever saw. I measured a lot of it 36 inches through. Coming down
bj^ the Government road from lake Temiscaming to North Bay the land was excellent,

but five miles south of Montreal river it was veiy rough. After that, however, there
was a roach of seventy or eighty miles of splendid land. The timber in that region is

mainly white pine, black and yellow birch, and there is a large extent of beautiful

spruce and tamarac. The largest birch trees I saw were from three to three and a

half feet through. They grow to a height of seventy or eighty feet. Out of some
of these trees you should get on an average three good logs of say twelve feet in

length. The tamarac is sometimes found 24 inches in diameter, but a good average
would be 15 or 20 inches. The smaller size, 10 or 12 inches through, is used for

ties. There are also patches of good young second growth poplar growing on land
that had been burnt. We also found lots of maple, the trees running from 10 to 20
inches thi'ough. We saw considerable white ash, growing up to fifty or sixty feet

and about twelve inches in diameter, and it commanded admiration. We noticed

some whitewood, too, such as formerly grew in the Lake Erie counties ; it grows
from 24 to 30 inches in diameter and is very handsome. I may say that we met
with these various timbers both going up and coming down. Coming down the
Jocko river we found a French Canadian who had settled on 200 acres and had
several stacks of hay cut. He had been there only twelve months or so, and had
gone into the cattle raising business. Another settler, a German, showed me
some immense potatoes he had grown there. There are no settlers on lake

Temagami, but the Hudson Bay company have a post on Bear island, which has
been established about seventy or eighty years. There ai-e about fifty or sixty

persons in the post, including women and children. There is good fishing in the

lake, principally whitefish and salmon trout, and various other posts of the company
are supplied with fish from there. Potatoes and corn are grown on Bear island.

During my whole trip I saw no snow more than three feet deep along the river.

An Indian told me that the snow was seldom any deeper, p,nd that the winters were
not often colder. The atmosphere is dry, and the cold is not felt as severely as

down here. I had not a very good opportunity of examining the country for

minerals, it being winter, but there were indications of hematite iron on Tomiko
river, and I was told by an intelligent Indian named Bocage, who was hunting with
me, that there was lead also. I also noticed some quartz veins in the rocks. The
Indians told me that there was copper all around Temagami, both east and west, and
we had specimens of lead and copper from that region. There has not been much
exploration, but from the nature of the rocks I believe it must be rich in minerals.

Already settlers and investors are turning their eyes toward that region. A couple

of weeks ago I wrote a letter to the newspapers describing the country, and a few
days afterwards I was informed that several American gentlemen were purchasing
maps of that district and making more particular enquiries about the mineral deposits

there. I am satisfied that as regards soil aiid climate that country is well suited

for agricultural purposes. Mr.. Nevin, who has surveyed the townships north of

lake Temiscaming, has said in his x'eport that out of five townships there would not
be over 100 acres of bad land. A nunnery has been built there, and there are

many French Canadians going in for settlement. In the latter part of February we
found the common house fly in our tent, and in March and April j^ellow butterflies

were flying about. We also heard the rosignol, the Canada bird and the swamp
robin in the last named months, and crows were very common all through the

winter. The country is full of moose ; they are there by thousands. They used

to tread the roads so heavily that it made travelling "by snow-shoes very difticult for

us. We often saw them playing on the ice, and sometimes came across their stamp-
ing grounds. We also ti'acked the cariboo, and the Indians say there are plenty of

them. There are red deer there too, and we often came across wolves. There is

an abundance of fur bearing animals, such as the beaver, marten, fox, mink and
otter.

Copper discov-
eries.

SUDBURY REGION,

James Stohie—About three years ago, in 1885, I discovered the Stobie copper
mine ; it is on the south part of 5 in the 1st of Blezard. I ojiened it up and sold it to the

Canada Copper Co. I am now interested in a location with a deposit of copper on
the north half of 6, in the 1st of Blezard. There has been only a little blasting
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•done upon it, but there appears to be a very large quantity of ore. There is gold

and silver on a property I own on lot 10, in the 6th of Creighton. I discovered

it in the latter part of July, 1885, but did not do any work upon it till recently.

The principal matter of the vein is iron pyrites, with more or less galena, and
some quartz, but not in a solid mass ; there is black slate on both sides. The
assays, made from specimens taken up at random, sliowed silver 311 and gold §7
to the ton. The galena is in fine particles, and seems to be mixed with the iron in

the vein to a great extent. A slaty rock generally accompanies copper deposits.

In Denison the rocks are somewhat similar to what they are at Sudbury, but there

are some there that are not here. As a general thing I would follow diorite for

copper. I do not think you will get much copper without the diorite. I am told

it goes to the gneiss and stops there. The diorite that most people fancy is that

near the gneiss, but I do not think the gneiss has much to do with the copper. I

-consider that in the Sudbury district copper exists in paying quantities, and that

there is a large amount of gold in Denison. There is no good iron ore in this range
that I have seen ; there is too much sulphur. I have found boulders here and
further north with good ore.. In the country from Killarney to Sault Ste. Marie
we find iron between quartzite and diorite ; the quality is very good there, and
important discoveries will, I think, yet be made in that section.

B. R. Hedley— I have been out on the ground where prospectors had made
discoveries, and took samples for myself and found gold. Those lots wei"e in Gold in Sudbury

Lome, and are the only ones I can be sure of. On the surface of one property district.

I found matter that assayed as high as four ounces ; from another adjoining that

I selected stuff that runs away up in the hundred ounces. In connection with the '

first there was considerable pyrites ; the last was free milling. I have examined
many si^ecimens for different parties yielding low results, from two to twelve
pennyweights.

F. L. Sperry—I am a chemist, and have been living in this country abont three

years, engaged in professional woi'k. I think copper and iron exist in paying Copper, nickel

quantities in this section ; nickel seems to occur in the iron. I suppose I have ^"^^ ''"*"^"

made 400 or 500 assays for different parties all the way from Toronto to lake
Winnipeg. The majority from this district were of iron, nickel, copper and
sulphur.

P. C. Campbell—I think gold, silver, platinum, zinc, nickel, tin, copper and
iron exist in the district between Sault Ste. Marie and Sudbury in paying quan- siinerals in the

titles. Tin has been found in two cases mixed with other ores on the copper range. Sauit and Sud-

There were no indications of tin in the first instance, but it was found as the work
went down. I cannot say certainly that it will turn out to be in paying quantities,

nor can I say that nickel or zinc is in paying quantities ; the other metals I have
mentioned I think are.

SAULT STE. IXAEIE REGION.

Thomas Frood—The sand in the front of the Wallace mine property carries

small but distinctly appreciable quantities of gold. In five or six places where Minerals in the

Williams, the Cornish miner, dug into the hill, small particles of free gold were ^^ cloche moun-

found. As yet no large quantity has been discovered. We have not come upon
any veins carrying free gold, but we have met with galena mixed with iron in

several places. The country rock of the Lacloche mountains is quartzite cut by
bands of diorite. In some cases these bands are parallel to the mountain ; some-
times they are angling across ; and this diorite always shows some metal,

generally pyrites. I have been told that in phices where the diorite is cut by quartz,

free silver and copper have been found. Lumbermen have brought specimens from
the north slope of the Lacloche mountams of good galena. In the bands we
generally find iron pyrites, copper pyrites, arsenical pyrites, small quantities of

specular iron and galena, but no precious metals. During the last few j^ears I

have done a great deal of prospecting from the Thessalou to the Mattawa, and Aigoiua and
from my observations I do not think there is a square mile in that distance in Xipissinsr dis-

which mineral may not be found in appreciable quantities. Along the shores of ^"'^ *"

the Georgian bay and on to the height-of-land will be found belt^s of mineral-

bearing rock. Within the last eighteen montlis the country is beginning to be
better known, and more prospectors are around than ever before. It is only now
people are commencing to recognise the possibilities of this section, and that is the

reason that more work has not been done here in the past ; but as soon as capitalists

fully realise the mineral wealth of the Algoma and Nipissing districts there will
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be a great improvement. In the past, and even yet, attention has been drawn
nearly altogether to the Port Arthur district, and that to a large extent accounts
for the overlooking of this section by capitalists. In fact there has been a general

apathy displayed hitherto in reference to the resources of northern Ontario. It

has been reported for some time that on the south side of the Lacloche mountains,
from Killarney to Lacloche, silver exists. Several specimens of silver and copper
have been given me by lumbermen as having been found in this range, and I would
not be surprised at any time to find silver, copper and possibly gold.

R. E. Bailey—At Batchawana bay and Goulais bay we get gold and silver
;

at Garden river, silver lead; and at Macbeth, copper. Those properties are in the
unsurveyed district, and ai'e on Indian lands. We acquired the property from the
Government. At Goulais bay we have two shafts, one twenty-six feet and the other

twenty feet deep ; it is a fissure vein. At Batchawana bay the vein is sixteen feet

wide ; the gangue is quartz. I have found gold in it that could be seen with the

eye, and some sulphurets, including traces of coiaper. The vein runs north-east

and south-west. It is about half a mile inland from Batchawana bay. The
Goulais bay location is about three miles north of the north point of that bay.

The veins run towards each other The one at Goulais bay is about fifteen feet

wide. The gangue is quartz, containing gold and silver. We have had assays of

both with about the same results
;
gold fi'om $4 to $28, and silver from $2 to $8.

The assays were made by reliable men in Milwaukee and in Idaho, with the same
results.

JEneas McCliarUs—I have been looking for the mother lode, which I believe

to be somewhere in the district, but I cannot say how far back. On the north-

east quarter of 27 in Korah we got gold and copper, which together went $27.

That is, taking copper at the price before it went up ; there is G per cent, copper.

I think the gold was from $2 to $4.50. We put some blasts in at the Everett

mine, on the south-east quarter of 13 in Prince ; it assayed, gold $32, silver $1.16.

I have had a good deal of assaying done, and I don't know of any that did not show
gold from a trace up. One showed $60 ; that was from the west of here. All

the iron from this section carries more or less silver. There is a four foot vein of

galena in a maple bush on the Goulais river, somewhere about 14 in Vankoughnet.

T. A. P. Towers—I think more prospecting has been done this year than for

the last twenty-two years, and I do not think it is likely to prove " a flash in

the pan " this time. There is no doubt that there is a great aniount of mineral in

this country, and moi-e interest is being taken now than ever before in this

immediate neighborhood. A great many people go to the registry oflice to get

maps, and I know they want them for exploring purposes. I am the deputy
registrar.

MICHIPICOTEN ISLAND.

Joseph Cozens—In July last I purchased in conjunction with an American

Michipicoten friend the Charles Jones, Bonner and Harbor locations on Michij^icoten island.

Island locations. These locations contain altogether about 13,000 acres of land, and a very large

amount of money has been sjient upon them in improvement and development.
The money has not always been judiciously spent, still an enormous amount of work
has been done. The expenditure has been chiefly made upon the Charles Jones
location, which is situated on the west end of the island. The fii-st work of any
consec^uence appears to have been done about the years 1860-61 by Mr. H. Fletcher

on behalf of some New York parties. He sank several exploring shafts and did

more or less cross-cutting and drifting, with very encouraging results ; so encourag-
ing indeed that he erected a small stamp mill, etc., and produced several barrels of

copper. Some trouble that arose about the payment for the machinery resulted in

its being seized and taken away. In consequence the work was stopped and the
property practically abandoned for the time. About ]b75 the Quebec and Lake
Superior mining association made further explorations, and between that date and
1880 they made large clearings and erected substantial barns and farm dwellings upon
the property. At the same time G. A. Phillips, of Milwaukee, Wis., did a con-

siderable amount of exploring on and near the east boundary of the location, sink-

ing several exploring shafts from 90 to 150 feet in depth, and finding heavy copper
in all of them. In 1880 the Michipicoten Native Copper company was formed in

England with a subscribed capital of $220,000, and work was commenced on a very
extravagant scale. During the spring of 1883 the company was reorganised with
$100,000 additional capital. After the expenditure of these amounts a further sum
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of 830,000 was borrowed on debentures, and also spent. In the fall of 1884 the
company, being heavily in debt, went into liquidation, and the property was pur-
chased in 1885 by the late Mr. Matthew Curtis, then mayor of Manchester, England.
Mr. Curtis spent about 870,000 in further improvement and development, when
his sudden death in 1887 caused the stoppage of the work, which was being pushed
forward with vigor. I had charge of the work for him, and upon the executors to
his estate making me an offer cf the whole property I purchased it at once, being
intimately acquainted with it and fully convinced of its great value. The bulk of Depth of shafts,

the work has been done on an amygdaloidal bed, similar in character to the lode at
the Quincy mine on the south shore of lake Superior. At the present time the
main shaft is sunk to a depth of 520 feet, Batler's shaft 360 feet, and about 1,500
feet of drifts and crosscuts have been run, opening up a large extent of rich stoping
ground. The discovery in 1887 of a conglomerate lode similar in character to that
of the celebrated Calumet and Hecla mine has added greatly to the value of the
property. This lode is situated about a mile and a quarter to the westward of the
main working, and is about 8 feet in width ; its course is north-east and south-west,
and the dip about 50' to the south-west. A shaft about 40 feet deep has been sunk
on the underlie, showing at the bottom a pay streak of about 2 feet carrying 5 per
cent, of copper. A number of crosscuts have been made at various depths up to
200 feet by the diamond drill, proving the extent and continuity of the lode and
the increase in width of the pay streak as depth is attained. At 200 feet the whole
width of the lode carried copper. The timber on the island is chiefly maple, with
more or less valuable spruce, cedar, etc. , on the lower lands. Cordwood for fuel can
be produced at a cost of from $1.25 to $1.50 per cord. All the timber and lumber
used in the construction of the various buildings have been cut at the saw mill on the
location. On the Bonner location some work was done many years ago—report The Bonner

says on rich veins of native silver and nickel ore. I have myself found nuggets of
1°^**^'°"-

native silver on the beach in front of the location.

LAKE SUPERIOR REGION.

S. J. Dawson, M.P.—Silver is in large quantities, and exists over an
extensive area in this country. Iron is in paying quantities, and has been
discovered in many places throughout the district. Gold ha* been discovered bundling su>ne8
and is reported to be in paying quantities in different sections. Zinc blende of the Lake Su-

has been discovered in quantities sufficient to pay for the manufacture of P*^""'""" district,

zinc ; it is in very considerable quantities, and very generally distiributed

over the district. Galena is in large quantities throughout the district, especially
near Black bay. Building stone of excellent quality is found in different parts of
this district, from Verte island to Nipigon bay. Stone of excellent quality,
color and texture is now shipped to Chicago and other American ports, and a con-
siderable trade is arising. Granite of fine quality is found in different places.
About twelve miles east of here, in McGrqgor, there is a grey granite very like the
Aberdeen. At Jackfish bay there is a stone of a beautiful quality, the nicest I ever
saw ; it is of dark color, and exists in large quantities. Samples of it have been
polished. On the Black river a stone occurs that takes a high polish, and is very
"beautiful. It is of white color, spotted with crimson, and is of a felspathic character.
Moly^adenite occurs in considerable quantities at the Black river, but the market is

not extensive enough to make it pay at present; the quality is very good and the
quantity is large. As to the existence of copper in this district in paying quantities,
I do not know enough to speak at present. We have the most beautiful amethysts
in large quantities, and agates of a superior quality are found about the shore. At
present, as far as known, the most extensively diflused minerals in this district are
iron and silver. As far as we know at present the iron deposits are verj' large, and
at Antler river of very good quality. In the Mattawa district I understand there
are large lodes of very superior (quality of iron ore. Iron ore also occurs on the
Kaministiqua, near the railway crossing. It is reported, and I think ascertained for
a fact, that the great Minnesota iron range extends past Gunflint lake. It ie also
reported that large deposits of iron ore have been found at Hunter's island. I
believe that range of iron extends clear through our country, and that the iron
deposits of the Mattawa are really a continuation of it. I believe the deposits of
iron to be inexhaustible.

Peter McKelkoi-—I came here in 1803 and have spent most cf my time
«ince then in this district. I have been engaged in exploring for minerals. An extensiTs

and have done so to a great extent during the time I have been here. I have '"''^eral bearinj

|)ro8pected all along the shores of lake Superior, from Michipicoten to the
^^^^"^^^

I
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American boiindarj-, and back as far as the height-of-land. I have been to-

Lake-of-the-Woods, lake Nipigon, the Whitefish—all over in fact. I have a
knowledge of a large extent of country. Gold, silver, copper, lead, zinc and
iron exist in such quantities that they will ultimately pay, though some of

them may not do so at the present time. There are also telurium, bismuth
and molybdenite, besides a great number of other economic minerals. Stone
of different kinds and marbles are found. There is a great variety of crystalline

rocks, such as granite and syenite, in large quantities. At Black bay there
is an immense quantity of granite that takes a beautiful polish. It is finer grain than
the Aberdeen granite, and is in great bodies. There is a fine red sandstone in

Nipigon bay. These quarries of sandstone, granite, etc., are handy for shipping,

as wharves may be built right alongside them. There is a white sandstone in large

quantities at the foot of Thunder bay that is of the finest quality. There is also a
bed of marble and a very good quality of soapstone. It turns, further back, into

marble of different colors, some banded, some clouded, and all very easy to quarry.

It is in the Nipigon formation. The brown sandstone will prove very lasting, but
it is not as hard as the white. In this section we look for silver veins in black

clay slates ; galena and zincblende especially are a good indication, being generally

associated with silver in the vein. At McKellar island the blende will go from §800
to §900 of silver. 1 notice, as a general thing, that the veins are rich beneath the
trap overflow. They usually run up through the trap, but are not so rich in it ; they
carry silver, but not much. The bed below the trap seems to be the richest. Bonanzas
are often found immediately below the trap, in the first layer. It is hard to say

whether it is the trap overflow or the underlying Huronian beds that cause the rich-

ness. The gold-bearmg rock occurs in the Huronian schists, the chloiitic schists. In.

many different places in this formation gold has been discovered. At Heron bay
a vein shows well. At Jackfish bay they have got gold, but one cannot tell with-

out a regular mining test whether it will pay. We sank on OEe vein twelve feet; it

was rich in gold all the way down. We had half a ton of the ore from Jackfish bay
put through a mill, and it concentx-ated as high as §1,000 and §1,200 to the ton. The
Jackfish vein is in the syenite, and the Heron Bay vein in the Huronian formation.

W. W. Russell—We have a north-west and south-east system to which the-
Systems of veins. Beaver and Silver Islet mines belong, and an east and west system to which the

Silver Mountain mines belong. The Badger belongs to the same as the Beaver,,

but the majority are east and west, or a little north of east.

J. C. Haskins—I think this Thunder Bay district is one of the finest mining
regions in the world, and I have been working at mining since I was twelve years

old.

Walpole Roland—I have spent fourteen years continuously exploring in this

region. I have been in Nova Scotia, British Columbia, and the Northwest,
generally, from two and a half to thi'ee years in the inland mines of India, and in.

other parts of the world, and this region, in my opinion, is without a rival. One
old mining gentleman that I met from the west said, " If we had such ores and
prospects in our country our people would simply lose their heads," and he said

he had never seen anything like it. The testimony of Americans generally has

been uniformly in the same direction.

T. A. Keefer—Gold has been found chiefly in the rocks of Huronian age in the

Lake Superior district. The discoveries made in veins in the stratified rocks,

especially in the talcose and chloritic schists, are in my judgment those which are

most likely to be successfully operated. Development works in the gold-bearing

sections of the countrj^ have been prosecuted on various properties, but on a very

limited scale, the greater development having been made at the Huronian
company's mine, in the township of Moss. Adjoining the Huronian mine are

the properties of the Highland and Neebish mining companies, on which
some work has been done with satisfactory results, as far as prosecuted. I may
say the same result followed what little work was done at the Partridge lake

gold mine, some miles north of the Huronian. Here the gold was found, as

at the Huronian group, iii its native state, and with sulphurets in a quartz

vein in rocks of Huronian age. A test made of the Partridge lake gold mine ore

showed that portions of the gold could be saved by the free milling process,

as well as by concentration, by the same methods and kind of machinery as

Silver occur- were applied and used successfully at the Huronian company's mine. Silver
fences in the ^^ found in the Thunder Bay district in its native state in its richest ore,.

disWot!^
*^ argentite (black silver), as well as in union with zincblende, galena and pyrites^
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the sulphurets usually lieiiiy; richer in silver when found in close proximity to silver

either in its native state or in the ore or argentite. The best results obtained from
mining work in this district have been from the developments made on veins in the

argillit-s or Animikie series of the Lower Cambrian formation, here more commonly
called the black silver-bearing slates of the Thunder liny district. Some failures

have occurred in the past where \sorkwas started in this formation in its lower

beds, where the cherts and dolomites are so common, and generally along the edge
or skirt of the formation where the bed of the slates is thin, and where it has been
soon penetrated by mining work. The sj-enite has not as yet shown itself to be a

rock congenial to the production of silver in this district where veins occur in it.

If more attention was paid to locality and to the results of these ])ast as well as-

more recent developments, and if this theory was better understood. I am convinced
that better results would follow like the good ones obtained where mining has been'

carried on in the proper silver-bearing horizon of this formation. S(»me eft'orts,

where the slates are thick and higher geologically, have not been successful for

various reasons. I may mention one. The veins are not rich everywhere, but the
middle or upper portions of these Lower Cambrian shales have their rich ore shoots
and deposits which when discovered are usually very productive. The Silver

Islet mine, on a vein which cuts a large trap dj'ke at its junction with the dyke and
the silver slates in comparatively a higher portion of the slates than where other
efforts failed, produced upwards of 83,000.000 of silver. You probably have the
records of production from the Rablnt ^Mountain and Beaver mines, while you
know of the very rich ore pr()duced in smaller quantities and the showings visible

at other mines in the district, such as the Porcupine. Silver Creek and others which
could be menti ned. Since the Commission took evidence here, the Badger mine,
which, like the others mentioned, is relatively in a higher geological position than
some which have not produced so well, has made a valuable shipment of a very
high grade of ore. 1 am told on reliable authority that a recent shipment (if a
car load of about fifteen tons of hand-picked high grade ore from this mine returned
over 8!Jo,000, and that another car load of a similar grade of ore is now ready for

shipment. In addition, there is on its dumps, it is claimed, about one thousand
tons of mill rock a'naiting the startrng of its mill before this ore can be turned into

money. It is umiecessary to refer to assays or mill tests of the silver mines to prcjve f^'i^h ores.

the richness of their veins when the eye can see the silver in such quantities in its

metallic or native state, as well as in its rich ores so readily discernil:>le. I am of

opinion tbat the trap dykes and overflows of the country have materially assisted
the mineralisation of the veins, and that the silver-bearing veins are more likely

to be rich in the neighborhood of dykes, as at Silver Islet and Rabbit Mountain
mines, or in the slates in their higher positions which have had the intluence of the
trap overflows, as at Beaver, Badger, Porcupine and others. These opinions may
afford ground for further investigation by the geological authorities, while experi-
ence and results hereafter may establish facts which will be better understood. I

believe them worthy of consideration from the experience I have had and observa-
tions I have made in the district. To give an idea of the grades of hand-picked .Sun'aee pickincs

ore from the silver mines in this district, I mav state that when oiienim' the ''^"" Rabbit

Rabbit Mountain mine I shipped 5,580 lb. of "ore from the surface piercings
-'^'-''^'•^^"" °''""^-

which yielded, on being sold to the well known smelters, Messrs. lialbach A; Sun
of Newark, New Jersey, 775 oz. in silver to the ton of 2,000 lb. : and that
from a pit sunk on the veui to the depth of ten feet I made a further shipment
of a car load of ore which on being sold to the same smelters yielded 8t>40.41.

or after deducting smelting charges, 8590.40 per ton of 2,000 lb. Copper exists
in the district in its native state, in pyrites and as grej- copper. The pyrites Copper.

sometimes also carries either gold or silver, and sometimes both. The pyrites
usually occurs in veins in the Hunuiian rocks. Nothing but preliminary "work
has been done to my knowledge on these veins. Besides the vein at the Tip-Top
mine, I know of a deposit near Little Pic river the ore of Avhich carries from live

to twenty per cent, of copper, and usually gold and sil\-er in varying quantities.
Galena exists in the district, but the veins of it have not been developed.
They occur in different places, the most I know of being in the neighborhood of

''•^"'"^-

Black bay. Should smelters be established in the district these veins may become
remunerative. They usually carrj^ some silver. Zinc has also been discovered
in the form of massive zincblende, or ''black jack." the most notable ^''^'^•

deposit I know of being that at the Zenith zinc mine, north of Nipiijcon bay.
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LAKE-OF-THE-WOODS REGION.

George Mitchell—I have noticed that in the several shafts sunk in the Lake-
of-the-Woods I'e^don free gold is found near the surface, fine and coarse, and in the
leafy form, the latter especially in the Pine Portage vein. Below the iufluence of

the atmosphere the gold is invariably found with sulphurets. In the Winnipeg
Consolidated the richest part of the vein was in the sulphurets. I cannot tell

the results of the concentrates, but assays of them were made by Prof. Chapman,
of Toronto, and J. B. Berryman, secretary of the company, of Minneapolis.

Dr. Henson—I have seen a deposit of magnetic ii'on ore about fifty miles
north of the Canadian Pacific railway, on Eagle river. There seemed to be a
large deposit as seen from tlia river (a sample of which is produced). I saw
specimens of gold taken from a location on Seine river, in the possession of Mr.
Pither, Indian agent at Fort Francis, which was quite rich in free gold.

Wm. Murdoch—I have visited Sultana island, Lake-of-the-Woods. There are

six different veins I visited, and ten foot holes have been made on them. These
specimens are from Hand and McMicken's location, Sultana island . There are two
veins within forty feet of each other ; the veins are three or four feet wide, and
they widen as you go down. Gold seems to be disseminated through all the veins
on Sultana island, and I think the indications are very good. I have seen very fine

specimens from Hay island, but the^'e is nothing doing on account of the want of

capital. *

John McQuarrie—I reside at Rat Portage and am engaged in lumbering on
Rainy river. I have been six years in that part of the country, and have had
plenty of opportunity of exploring it. Although not a mining prospector I have
gone over the country a good deal, and made it my business to investigate its

resources for general information, and I have a general knowledge of the mineral
wealth of that region. There is gokl-bearing quartz and silver there ; the gold
predominates. I have been on some of the mining locations, among them being
the Winnipeg Consolidated, Minerva, Gold Hill, Sultana and others on the same
leads. I made a personal examination of these locations and discovered gold on
three of them. There is iron in that district also, and I have been on one of the
locations. It is north of Rat Portage, on the east eide of the Winnipeg river,

between Lake-of-the-Woods and English river. I examined this property in 1884.
The discoverer was a man named Miles, and he believed from what he heard from
those who tested the ore that there was a foi'tune in it for him. The property at

first sight appeared to be a solid mound of black rock, and I could hardly believe it

was iron. It was about 70 feet in height and about the same in width. We went
to the top of it arad could observe the ridge for nearly half a mile. The iron lies in

a dark rock of the uature of slate. We took half a canoe load to Rat Portage. It

is magnetic ore. There are some fine specimens of gold, iron and silver on Rainy
lake. Mr. Alex. Baker, of Fort Francis, has some sjilendM specimens of gold and
silver which he claims came from there, and also lignite. They were found o» the
north shore of Rainy lake. Mr. Thomas Sheppard also had specimens. The quairtz

was claimed to be gold-bearing, although it does not show free gold, and on analysis
there proved to be considerable silver as well. Several specimens have been
brought in by Indians, but they want money before they will tell where the deposits
are. There is silver about three miles north of Rat Portage, near Lake-of-the
Woods and not far from the Canadian Pacific railway. This discovery was made
on the 2nd of January last by Mr. Charles Moore, of Port Arthur. There are three
locations taken up on the one lead. Mr. McKay, of Calgarry, told me the lead was
40 feet wide. It is the only silver ore I have seen in that country that looked like

the ores around Port Arthur. No development work has been done there beyond
exploring, testing and getting claims registered. I have seen some yellow ochre
brought in by bagfuls from the Lake-of-the-Woods of just as good quality as that
sold by the druggists, and also some Venetian red. It could be used upon outside
walls without grinding, and would make a splendid mineral paint. There are also
large quantities of mica of a very clear quality in the Lake-of-the-Woods district.

I have noticed pieces 6 by 8 and 8 by 8 inches quite clear. I saw one vein which has
been taken up by Mr. Parsons and Mr. A. Matheson, the Hu-dson Bay company's
factor. The property is about fifty miles from Rat Portage, and the vein is about eight
feet wide. It is claimed that the iron on Rainy lake is one of the most valuable mineral
deposits in tlie country. A gentleman named Eraser came there from the Red lake
iron range in Minnesota, and he said he discovered a continuation of the range on
the Canadian side of Rainy lake ; he believed it was as rich or richer than the
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deposits on the Minnesota iron range, as it was better ore. There are a large num-
ber of explorers in that region, and they are chiefly Americans. It would be no Character of the

exaggeration to say that there is a belt of land one hundred miles in length and country.^

^"^

thirty miles in width north of Rainy river and Rainy lake the general character of

which is unexcelled for agricultural purposes by any other section of equal area in

Canada or the United States. The soil is a rich clay loam, eight, ten and fifteen

feet in depth. The country is not rocky, and it is timbered with cedar, tamarac,
spruce, poplar and some fine white pine. A number of settlers went in last year.

The first settlers went there about twelve years ago, when the Fort Francis lock

was built, and there are some farms and clearings giving most encouraging results.

I have known 70 bushels of oats and 35 bushels of spring wheat per acre to be
grown there. One farmer has raised fall wheat for the last five years and got about
30 bushels to the acre. The fall wheat was sown where barley had been grown the
yeir before, and he simply harrowed the land for the wheat Avithout plowing.

Fredericlc Miller—I am a mining engineer by profession and reside in Toronto.
I have explored around the Georgian bay. Port Arthur and Lake-of-the-Woods. various re.-io-j,

I spent two j'ears in Madoc. I was engaged operating a gold mine on lot 10 in the
10th of Marmora, but it did not amount to anything. I have visited many of the
mines between Thunder bay and Pigeon river. The Argyle mine on the Clear
river has a good showing, and I have seen particles of gold the size of a grain of

wheat. There are numerous veins on the Lake-of-the-Woods that are worth
develoj^ing, and that will be developed as soon as patents ai"e granted.

GENERAL SURVEY OF THE PROVINCE.

Dr. Selwyn—I have been .director of the Geological Survey of Canada for

the last nineteen years—since 1869. I have explored many parts of the country Reuions
myself, but have not been much over the eastern part of Ontario. My explorations explored,

have been mostly in the western part ; that is about Lake-of-the-Woods and west
to Manitoba ; also around the north shore of lake Superior. I have been around
the whole of the north shore from Port Arthur to the Sault. I know the silver

bearing region west of Port Arthur, the region around Lake-of-the-Woods, and
Lake-of-the-Woods itself to some extent. I have travelled through the country
between the silver bearing region and Lake-of-the-Woods. I have not been on
the height of land between lake Superior and Hudson bay. This summer I was
through the district north of the Georgian bay, through Algoma, in the neighbor-
hood of Sudbury, and from there to the Wanapitae and Vermilion rivers.

1 have ~not explored closely west of the Vermilion river to the Lake-of-the-
Woods. I was at the Garden River and Echo Lake mines, anl this summer
examined the country from the Sault Ste. Marie to the Bruce Mines. I

have not examined the coast east of the Thessalon river, and cannot say that I

have explored that river. I have been on parts of the Vermilion and Spanish
rivers. I have travelled through the country south of lake Nipissing, but have not
explored it. I have travelled in the neighborhood of Owen Sound and Colling-

wood. I have travelled through Hastings and have visited the gold mines of

Madoc and Marmora and S(jme of the iron mines. I have not visited any of the
phosphate mines of Ontario. I have not explored any parts of Renfrew. A great
portion of the knowledge I have is from tlie work of my assistants. I cannot
remember all the places where gold occui's, but I could indicate them on the map.
Wherever the Huronian rocks occur you are likely to find gold bearing veins, and ,p ,.

,

also other mineral dejwsits. That has been the reason I have made it my object Huronian areas^

to trace out the Huronian areas aud show them on the maps. Some of the iron
ores occur in the Laurentian. Gold especially is associated with what we call the
Huronian rocks. When Ave get into the typical Laurentians, where there is no
interlamination of Huronian rocks, we find that they are very barren of economic
minerals. One of the best jiroofs of this is that in the great breadth crossed bj'

the Canadian Pacific railway on that formation there is almost an entire absence
of mineral veins of any importance. The largest band of the Huronian is the one
north of the Georgian bay. It conimences near Killarney, strikes north-east and
crosses the Canadian Pacific railway as shoAvn on the map. The diorites are
almost invariably associated with gold bearing (piartz veins. As far as I know the
western limit of this Huronian area is on the upper branches of the Vermilion
and Spanish rivers. Another area occurs in the valley of the Micliipicoten. The
exploration of the back country has been principally along the channels of rivers.

4(M.)
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and though that gives a general idea of the country it cannot be considered an

exhaustive exploration, yet I do not hesitate to say that the publication of the

geological map has been of considerable assistance to prospecting in th ise districts.

Between lake Superior on the east and Lake-of-the-Woods on the west several

belts of the Huronian occur, running north-east and south-west. In the Lake-of-

the-Woods the Huronian occurs very largely developed, and all the recent dis-

coveries of gold in that district ara in that formation. Everywhere I know of in

eastern Ontario gold is associated with the Huronian rocks. It occurs in rocks

that have been called Laurentian, as at Madocand Mai'mora, but that they are so is

doubtful ; they are more like Huronian rocks. The principal gold finds as far as I

know in Lake-of-the-Woods district occur in the Huronian rocks, as does also the

Huronian mine further east, and others in the vicinity of Lac des Mille Lacs.

The next and perhaps the most imp :>rtant gold district is in the vicinity of

Sudbury. They are now finding gold bearing veins down the Thessalon, and all

through that region from the north shore of the Georgian bay to north of Sudbury.
I have been examining the veins of Lake-of-the-Woods, Sudbury and Thessalon

during the last three weeks, and my opinion of them is much the same as I

expressed of the Marmora and Madoc gold mines. I considered the veins were not

suiticiently large or constant to prove very profitable ; that while at times they are

very rich, only very exceptionally will they prove to be permanently profitable.

With few exceptions, as far as I have seen, they are not what I consider to be real

fissure veins; they are gash veins, more <v less lenticular. I have come to the con-

clusion that if you can examine the outcrop of a vein on its strike or horizontal

extension you have good evidence of how it will behave on its vertical extension.

Tliis lenticular character of many of the veins is characteristic of the Huronian
gold veins. The best veins in Australia are in sof.t slatj' rocks, not at all like the

Huronian gold rocks. I consider that diorite and most hornblcndic rocks are of

igneous origin. The vein matter differs, but is mostly quartz
;
gold has been found in

a great variety of rocks, and it has been stated thaL--tyaees--Q£--it-C.aiibefouniljLn
almost every metallic mineral, f Near the surface gold is almost always in the

metallic state, but as you get down it passes intf) sulphurets ; that change occurs

about the line of permanent saturations^ J^have not seen^much misijickel in the

Lake-of-the-Woods and Sudbury districts ; magnetic pyrites containing nickel and
other sulphurets of iron and copper are the prevailing ores. I do not know whether
any of the Lake-of-the-Woods ore has been assaj'ed for nickel. I never saw mis-

pickel elsewhere in such quantity as at the Marmox'a mines. At Sudbury I did not

see any mispickel. In Nova Scotia the richest specimens of free gold were found
near the surface. As they got deeper in most cases the veins appeared to get

poorer, that is, the yield was less ; but it was not so in reality, much o the gold

being lost with the pyrites in the tailings. Dr. Hnnt inade several analyses of

Nova Scotia tailings and found nearly as much gold remaining as had been taken
out. I was at the Vermilion mine, but did not examine it to any dei^th as they
would not allow me to go down into the mine. I could not trace the vein far,

perhaps 50 or 60 yards, but the rocks are not well exposed ; it is a quartzite,

alongside of which is a great band of diorite. The mine on the top of the hill

seems to be in diorite. The Huronian rocks are generally hard and tough. The
softest and best matrix is at the Hui'onian mine ; that vein can be traced several

hundred yards, and is I think four or five feet wide. I have not seen very
wide veins. I have seen one for a shoi"t distance eight or ten feet. There is

one opposite the Whitefish station on the Algoma branch of the Canadian Pacific

that is very wide and massive, but it seems to be pinching out. I could not
see any mineral in it except a little pyrites, but the owner told nie samples
had been assayed and gave a considerable yield. All through the Sudbury
district there are numerous veins, and any of them may turn out auriferous. I

don't think there is any doubt but that there are a great many veins that have
not been discovered. There is an immense area that has not been prospected
at all. I have never found gold in alluvial soil in Ontario, but I have been told

it occurs at Rat Portage, and that wherever these rich veins are you can scrape
the soil and wash out gold. I have never seen it washed out as they do it on
the Saskatchewan, but I think in some of the valleys there should be alluvial

gold. The silver bearing rocks are altogether different and distinct from the gold
bearing. They are in the Animikie series. That series extends westward from
about the east end of the ISipigon bay. It crosses the Canada boundary on
Pigeon river, and I think extends to near Duluth. It occupies several townships
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west of Port Arthur. The Kakabeka falls are near its northern boundary. The
rocks composing the Animikie series are very tine cherts, argillites—or, as most
people call them, slates, but not such as will do for roofing— and dolomites, trap
layers and dykes. I have examined a number of the silver veins in that district.

They vary in their course I think ; if I remember rightly they are a few degrees
north of east and south of west. The veins are of difterent widths—1 have seen
some very good ones five or six feet wide. They are almost all in the argillites

;

the only exception that I know of, and it is hardly an exception, is Silver Islet
;

and of that the productive part occurred in a dyke that cut the argillites. In the
neighborhood of the Rabbit and Beaver mines there is a dyke cutting the veins.

Th«^i|^'^r bear-

I understand they struck a dyke in the Beaver. As a rule the silver bearing
veins are calcareous. A great deal of the matrix is calcite, and there is only a
limited amount of quartz. In the gold veins calcite is almost absent. In the rich

bearing gold veins the matrix is quartzose, but there are exceptions. In Nova
Scotia thei'e was a vein of pure pink crystalline calcite that gave a good yield of

gold. I think very highly of the silver bearing veins ; most of them are true fissure

veins. The general width of the silver veins varies much, but I would say that three True fissuro

or four feet would be about the average. I am not aware of the occurrence of silver ^eins.

as native silver in any place else in Canada, but it occvirs wath galena and gold
elsewhere. I cannot say whether it occurs with galena in paying quantities. Some
assays of samples from tha Garden River mine gave 800 oz. to the ton. I am told 8;)^^^ occuniPir
that mine is closed on account of litigation ; it is in the Huronian formation. The with galena.

Temiscaming galena gave a considerable amount of silver. If a vein is very large
a small amount of silver will make it pay. When it occurs with galena it is r.ot

difficult to extract ; it has to be smelted of course. I have heard of it in the neigh-
borhood of Allumette island in the Ottawa. There are a number of paces wdiere
you will get galena that will give an assay of a few ounces of silver to the ton. I

am not aware of anj> place where it has been found in the L-iurentian formation.
Sir William Logan pointed out two copper bearing series around lake Superior

;

the lower is the Huronian, and the upper is the Keweenawan, which lies over the Jearin'^rocks
silver bearing Animikie, and corresponds as far as I know with the copper bearing
rocks in Michigan. The Keweenawan series has been traced out ; the rocks of

that formation occur in the Nipigon basin, around Nipigon bay, and are found as rj.j.g y^^^,

far east as Gros Cap. Michipicoten island is entirely composed of thtm. They an series

occur at intervals along the north shore of lake Superior, but they do not appear
extensively till you get to St. Ignace, Simpson and other islands which form the
southern shores of Nipigon bay. They extend a little waj- inland on the north
shore, but not far, and I do not know that they have been found to be copper
bearing there. The greatest exposure and thickness of them occurs on Simpson
and St. Ignace islands. At Michipicoten island and atMamainse point suljihurets

as well as native copper were found. I do not know that the sulphurets were
found in sufficient quantities to pay ; the mining there was for native copper. I Jsiand^^*^

saw nothing at Michipicoten that I could call veins ; there are beds impregnated
with copper not unlike those of the celebrated Calumet and Hecla mines. Similar
beds occur at Mamainse, and there are some sulphurets. There is no exposure of ^^^lamse.

copper at Gros Cap that I know of, though the cupriferous ruuygdaloids occur there, cros Cap.
At St. Ignace mines were opened forty years ago and nothing has been done since, st. ignaoe.
but I understand work has been done there lately. At Silver Islet the sinking giirel' islet,

over 1,000 feet did not reach the bottom of the Animikie series. In the Shuniah
mine they penetrated to the granite ; I am not certain whether the vein con-
tinued in the granite. One of the great mistakes that our miners have made in

the past has been injudicious work and expenditure. The reason sometimes shuniah.
given for so doing is that they have to make a show. Nearly all the copper in the
Huronian is in quartzose veins in the character of yellow sulphurets ; in the other

t
. .

formation native copper predominates. In the province of Quebec tliere are mines
^"*'' ^'^*'^ ^euls.

in the Huronian or Pre-Cambriau rocks, and there is another set in which native
copper occurs belonging to a higher series and holding the same relation to the
Huronian that the Keweenawan does on lake Superior. The Wallace mine is the
same as the Sudbury mines ; it is a nickeliferous pyrites. The Sudbury ores are in m^.,,-

,,. ..

a great impregnated bed, not a true fissure vein, and the ore exists in vast quan- sudbury KH>a-

'

titles. I cannot say whether the operations there will be successful or not ; much tions.

I

of the product of the mine is wasted. If the ores were treate \ by the Vivians in

Swansea they would save the iron and the suljihur as well as the copper and the



68

Copper Cliff

mine.

The Bruce
mines.

Nickel.

Iron ores.

Occurrence of

magnetic,
hematitic and
specular ores.

Deposits on the
Kaministiquia.

North of lake
Nipissing.

At Goulais bay
and Gros Cap.

Stobie mine.

In lake Nipis-

sing.

On the Ottawa
river.

In Renfrew and
Lanark.

Carleton Place.

On the K. <t P.

railway.

In the Hastings
section.

Sulphurous ores.

Phosphate of

lime.

The deposits
irregular.

Mica.

Marble.

The Garden
River band.

to greater advantage. 1 went to the Copper Cliff a couple of years ago ; it is a great

massive impregnated bed or stockwerk. I saw the Bruce mines when in ojjeration

in 1873, and was there again this summer. Tlie veins there are more regular
;

they appear to cut through the rocks. There may be a true fissure vein without
displacement. I have seen gash veins very continuous for a long distance. What
I say in reference to veins generally is, that as you descend they will as a rule be
about the same as they are on the surface. The ore in the Bruce mines did not
give out at all ; the work stopped on account of a fall in the price of copper. I

know of no place where nickel is associated with pj^rrhotite in jjaying quantities

except at Sudbury. There they are looking entirely to the nickel and not to the

copper to pay them. Both hematite and magnetite ores have been found in large

quantities, but more magnetite than hematite. In some mines they are mixed, as

at the Haycock mine near Ottawa, Avhere we find both together. Specular ore is

also found with them to some extent. It is found with magnetite in the eastern

townships of Quebec. I have not seen any large quantities from the large mag-
netic deposits of Ontario. The magnetic ores are generally associated with the

Laurentian rocks, and mostly in the vicinity of crystalline limestone. We find

both hematite and magnetite sometimes associated witli the Huronian rocks. On
the Kaministiquia river a jaspery ore occurs ; there is also some hematite. The
last place I saw such a deposit is 28 miles east of Port Arthur. The deposits ai'e in

the nature of contact deposits, at the junction of two formations. I think tlie rocks

in rear of Port Arthur are a continuation of the Vermilion I'ange of Minnesota, and
there is no reason why the deposits should not be as rich on the Canadian as on the
American side. As I understand it, iron occurs in both the Huronian and the
Animikie Ibrmatious ; the hematite mostly in the Animikie, and the magnetite
mostly in the Huronian There is iron ore on the north shore of lake Nipigon. I

think it is very rich, but as far as I l<now it has not been analysed. I have seen
specimens of it ; it is a slaty hematite. Deposits have been opened up at Goulais
bay and at Gros Cap ; those are in the Huronian, I think. I visited Gros Cap and
found a pit dug out and some of the ore thrown up ; it was magnetite. I visited

the deposit worked some years ago by Mr. Stobie, known as the Stobie iron mine,
north of lake Huron. It was opened in two places ; it is associated with Huronian
quartzite. I never saw any iron ore in the Sudbuiy district. On an island in lake

Nipi.ssing there is what is considered to be a large deposit. I cannot say whether it

is in the Laurentian or not. As a general thing iron ore in the Laurentian rocks is

associated with crystalline limestone. I think the Huronian rocks are very favor-

able for iron ores, but some of them cany a good deal of titanium. I have heard
of iron ore up the Ottawa, and it is quite likely there are such deposits. I have
not examined Renfrew county or North Lanark, but Mr. Vennor mentions a good
many iron deposits in that country. He found magnetite, but I do not recollect

whether he found hematite ; I think he did, but am not certain. I do not think
he found any bog iron. At Carleton Place there are showings of what appears to be
good iron ore ; it seems to lie in a fissure in calciferous limestone. I have not
visited the mines along the Kingston & Pembroke railway. I think Mr. Coste
visited them recently. I visited Hastings section some years ago, when the Gatling

Gold mine was being worked, and I stated my opinion then as I have stated it

to-day. There is plenty of iron ore in Ontario, but many of the ores contain a great

deal of sulphur. The ore is cliiefiy magnetite. There are large deposits of iron ore

in the Laurentian formation, but I cannot say anything about the quality of any
particular deposit. They varj' considerably in this respect. I have not examined
the phosphate beds in Ontario ; I have in Quebec. They occur on both sides

similarly, and in the same rocks on both sides of the river ; and I do not see why
there should be more on one side than the other, except there is a larger area of

the Laurentian rock on the north or Quebec side. I never saw any deposits that I

could say were interstratified ; they are very irregular. I have seen no evidence
to lead me to suppose that phosphate bearing beds are shallow. I believe you can
follow them down to any depth and be liable to find apatite deposits. I have no
personal knowledge of mica in Ontario. The best mica mine now being worked is

the Villeneuve mine, in the province of Quebec. At Garden river they are open-
ing a quarry of beautiful dark marble, a Huronian limestone or dolomite. The
Garden river baud extends for many miles ; it crosses Echo lake and has been
traced an 1 mapped through that country by Sir William Logan. I do not think it

is uniform in character ; in one place I think the beds would be better than in

others. It seems to be a very beautiful and good marble, and the openings of
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<Tarden river I consider look exceedingly promising. Wherever the Laurentian
Jimestoues occur we can quarry them for marble, but they are generally coarse in Laurentian

the grain. I have not seen the marble at Bridgewater, but suppose it is the oi'din-

ary Laurentian crj'stalline limestone. I have seen some specimens that were
brought from the township of Barrie. The marble there is coarse grained, and has

-sjiecks of quartz and other minerals in it. I have seen the Amprior marble, and
think there should be no difficulty in quarrying it. Some of that marble is very Arnprior.

beautiful. It has already been extensively used and its value proved. All lime-

:stones capable of taking a polish are marbles. I liave never visited the gypsum Qvpsum
Jbeds ; they wei'e examined and described years ago. Most of my time has been
devoted to areas never visited before by the survey. The specimens of gypsum
from Ontario show it to be as good as any you can get for making plaster. I do not
think it occurs in quantity in (Ontario unless it be in the basin of Moose river. I

do not know of its being there, but I think it is likely to be found. Thei-e is in

Ontario an unlimited amount of salt ; the quantity that can l)e obtained is only S^'*"-

limited by the demand. I think Dr. Hunt made analyses of it and reported fullj'

on its occurrence. In all probability there is a very large area of petroleum bearing
strata under central Ontario which has as yet never been reached, and which cor- Petroleum.

responds with the Ohio petroleum bearing strata. I think there is no doubt but
that the province of Ontario has great mineral resources which are awaiting deveL p-

ment. Not one-tenth part of the country has been explored. With a thorough "^he importance

exploration many valuable discoveries should be made, though many of them could ^ ^^^ °

not be utilised under existing conditions, such as difficulty of access, etc. When
these change they will become valuable, and in the meantime the knowledge of

their existence will of course hasten that change.

E. B. Borron—North of the height of land between the great lakes and Hudson
bay is a territory containing some 60,000 .square miles. I have traversed this terri- ^j^ Hudson
tory from the height of land to James' bay on all the principal rivers, and have Bay slope,

ascended many of the chief tributaries. The exploration of this teiritory is rendered
very difficult, and for the most part impossible, owing to the fact that the face of

the country is almost entirely covered by boulder or drift clays, sands and gravel.

In no part of the province is so small a proportion of the underlying or bed rock
exposed to view. So much of the rock as can be seen is found on the banks of the
rivers and upon the shores of the lakes. In the former it is met with at the rapids

and falls, and occasionally near the water's edge, where narrow reefs have been cut

through by the action of the water, but very rarely do such exposures extend inland
more than a few chains. In the lakes it is generally at the points and headlands
where the rock is visible, and also on the banks of the rivers ; it is almost invariably

concealed by loose material or vegetable growth a very short distance back from the
shore. The rocks exposed are usually the hardest and probably the least favorable
to the occurrence of metalliferous veins. Before a reliable opinion can be formed piorfi^ for"

^^

as to the value of the mineral resources of this territory a great deal of work must mineral veins,

be done and a considerable sum of money expended. Such veins as are already
known, if thought worthy, should be traced and uncovered for a considerable dis-

tance in order to ascertain their regularity, size and richness. Such deposits as

occur in beds must be tested by boring or by sinking pits. This has not been
possible in such preliminary explorations as I have been carrying out. So far as I

am able to judge those metals and metallic ores commonly found in veins, such as

copper, lead, silver and gold, are not likely to be as abundant as we could wish in

this territory. I am led to take this view in consequence of the extreme rarity of

regular and well defined mineral veins of any kind in the rocks where exposed to

view. ] t remains to be proved whether they are larger and richer in the softer

rocks, which are generally concealed. Large trap dykes are often met with, some
of which traverse the country for miles, and occasionally powerful granitic and
felspathic veins; but good sized metalliferous veins are uncommon. I have no Trap dykes and
doubt, however, but that in so vast a territory all the metals I have mentioned will arranitioand

be found. I think copper and gold are perhaps the most likely to c«ccur in paying ^ *''*' '*^ Ncms.

quantities. In reference to those minerals which usually occur in beds or in irregu-

lar masses I am able to speak more hopefully. Some of the most valuable of these
deposits, sometimes called "flat metals,"' are found in this territory, and I believe
in inexhaustible (piantity. Among these I attach special importance to the
de2)osits of ii'on . re, kaolin, lignite and peat. Tlie iron ores, so far as yet discovered,
are chiefly carbonate of iron associated with limestone, and probably containing
some lime ; rich brown hematite ore, I'esulting as it would appear from the decom-
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position of the carbonate ; bog iron ores, ma^fnetic iron ore and specular iron ore.
Iron ore, kaolin. The three first exist, doubtless, in very large quantities. The fourth has been

and peaF^^"'"
found in p'aces near the height of land, probably in considerable quantity. The
specular ore has been onlj found in loose or float pieces. The kaolin is situated on
the Missinaibi river, a branch of the M(jose, a little below Coal lu'ook. The clay is

overlaid by a bed of beautiful white sand. I believe that both the kaolin and the
sand, the one suitable for the manufacture of porcelain and the other for window-
glass, are there in large quantity. The deposits of gj^psum are also large. Lignite
has been found on the Mattagauii and Missinaibi branches of the Moose river, and
also on the river Abittibi. It exists in all probability in immense quantity ; but it

is impossible to say what the value of the beds may be till they are tested by boring
or otherwise. The beds of peat are so extensive as to be absolutely inexhaustible.
In regard to the value of peat as a fuel I heg to refer to ray report on this territory
for 1880. pp. 11 to 21 inclusive.

I
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SECTION 11.

NOTES ON MIXES, LOCATIONS AND WORKS VISITED BY
THE COMMISSION.

The members of the Commission were not able to come together until

the 1st of August, owing chiefly to the fact that the secretary was occupied

during the whole of the early part of the summer in the work of the Mineral

Exhibit at Cincinnati. It therefore was necessary for the Commission to

travel rapidly over the province, as otherwise it would not have been pos-

sible to visit the mineral-producing districts which stretch from the Ottawa
river to Lake-of-the-Woods before the close of the season. This limitation

of time made it necessary to restrict the examination of the mines, works

and mineral properties visited to little more than cursory glances at each,

and it also had the effect of making impossible the collection of a full typical

series of specimens from the various localities, or even to properly label and
ship those which were collected. The notes of this Section, therefore, have

no pretence to fulness ; they are intended to record general impressions and

observations of places visited by the Commission, and every allowance

must be made for their shortcomings as a description of the mines and

minerals of the province. Taken together with the voluminous evi-

dence, however, they will suffice to sho'v the great apparent possibilities of

the mineral resources of Ontario, which have hardly yet reached the nascent

stage of development.

STATISTICS OF PRODUCTION

The table which follows gives the chief mineral productions of Ontario

for the year 1888, as far as it has been possible to obtain the figures. A statistics.

process of education seems to be needed before complete returns of production

can be hoped for. Time and care are required in the making up of a correct

statement of the operations of a quarry or mine for a whole year, as well as a

knowledge of the location of every business on the part of the collector of

information ; and even after the best system has been adopted diligent effort

may fail for a time to procure full and accurate statistics of the industry.

Every man will not do without some urgency even what he knows ought to

be done in this matter ; for as a rule the requirements of business are entitled

to and must receive the first consideration at the hands of managers, and there

is no direct money value in the labor of preparing returns of production for

Government use. Every witness questioned on the subject, however, includ-

ing the capitalist, mine manager', mining engineer, prospector and scientist,

gave evidence in favor of the benefit of statistics to the best interests of

mining development, and almost without exception they expressed a preference

for a system under which the returns of yearly production would be made

compulsory under law.
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MINERAt PRODUCTION OF ONTARIO IN 1888.

c^rseiiic.

Materials used
for building-

and ornamental
purposes.

Mineral.

Arsenious Acid . . tons.

Cement
, bbls.

Copper Ore It).

Nickel Ore It),

Gold

Gypsnm ton.s.

Iron Ore "

Mica (partly uncut) "

Petroleum, crude bbls. of 35 Imp. gals.

Phosphate of Lime tons.

Salt "

Silver Ore "

Building Materials, including building stones,
granite and marble, brick, drain pipes, tiles,

pottery and lime, estimated value about.

Quantity.

35

42,000

2,800,760

1,222,040

6,600

16,000

18

600,000

3,350

56,632

130

Value.

1,500.00

30,900.00

I 286,076.00

2,689.00

13,200.00

48,000.00

30,000.00

618,000.00

44,050.00

189,974.00

226,410.00

2,000,000.00

3,490,799.00

Some 4,000 tons of stamp rock was produced at the silver mines and are

on hand. It has not been treated and is not estimated, but the returns of

2,550 tons give that quantity a value of $170,000, the stamp rock running

from 50 to 113 ounces of silver io the ton. In the two years 1887 and 1888,

$413,505 of silver was shipped from Port Arthur. Correct returns under

the head of building materials were very difficult to obtain in the time at

the disposal of the Commission, and the same may be said of the exact pro-

duction of petroleum. From the statements received, however, the figures

given in the table represent very closely the actual amount produced in

each case. Among the items of information received it will be interesting

to note in connection with building stone that the Grand Trunk railroad used

during the year 17,456 cubic yards in the works of their Ontario system,

and the Canadian Pacific railroad 8,900 cubic yards. The Sewer and Drain

Pipe company of Hamilton produced seventy-five miles of drain pipes, valued at

$200,000 ; and from returns received it appears that more than 20,000,000

bricks were manufactured in the vicinity of Toronto alone.

ARSENIC.

A small quantity of arsenious acid is manufactured from refuse mispickel

at the Consolidated gold mine in Hastings county, and it is reported to be of

the finest quality. This mine will be alluded to later on under Gold.

BUILDING MATERIALS.

Under this heading comes a great variety of substances in which Ontario

is exceptionally rich, viz., ordinary building stones, which abound throughout

the whole province ; cement rock, worked in several places ; clay suitable

for brick and tile, obtainable almost everywhere ; also clays from which

earthenware, terra cotta and sewer pipe are manufactured, and which are
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abundant in certain localities. Of granites and marbles there is an unlimited

supply, but they vary in different places in structure and color and in freedom

from joints and cracks, which conditions determine their suitability for

building or ornamental purposes. There is also a so-called actinolite used

for making a roofing cement, which, however, is chiefly a mixture of fibrous

serpentine and talc. A report on all the building materials of the province

would in itself fill a large volume, but only the localities visited by the Com-

mission, or about which evidence has been given, will here be dealt with.

BROWN AND GREY SANDSTONES.

Owing to the lai'ge recent development of freestone of the Medina

formation, which assumes a dark brown color in the vicinity of the Forks of Forks of the
Credit

the Credit, a visit was paid to the

locality by one of the Commissioners.

The gap through which the Credit

river and the Credit Valley railway find

their way from the table-land of Wel-

^''M@ lington across the county of Peel shows

,j
the same formation on its westerly side

as is observable at Milton and Lime-

house. Fig. 1 shows an average section

as represented at the Forks of the

Credit. The stone quarried here is

sandstone of the Medina formation

under Niagara limestone, the dip of

„ , „ ,. , ^ ,T^ , ,,.u r^ ...which is gently to the south-west.
Fig. 1.—Section of escarpment at Porks of the Credit. " '

^.Limestone, f. Grey sandstone, g. Broion saud-ThvOUghout a certain area, of which character of the
stone, h. Bastard formation, k. Blue clay. ,, -o i £ i.\. /^ j-j. • •Ji.^^ formation.
K. Red clay. the Forks of the Credit is said to be

the centre, a great body of brown sandstone exists, but the grey band is often

mixed with the brown, and in places the colors are blended. It is a most excel-

lent build ing-and ornamental stone, and is coming extensively into use. The

chief joints in the formation run a little north of east and south of west.

They occur at regular distances, but some are about twenty feet apart. There

are also cross-joints, not general or uniform, running north and south.

Nodules of clay occur between the faces of some layers of the freestone

in a peculiar manner, and a foot of blue clay underlies the bed. Under the ^,^ ' ' Clay deposits.

blue clay is a deposit of red clay of great thickness, being visible in the river

banks to a depth of 175 feet, and it is doubtless the same kind of clay as

that which occurs at Milton, which is there used in the manufacture of pressed

brick.

The Chisholm quarry on the north side of the river has been denuded of The quarries at

the overlying limestone, and the layers of sandstone are covered with sand to ^^^ Forks.

the depth of 15 or 20 feet. About three feet of the upper layer consists of grey

stone, and the brown is in varying thicknesses below the grey. Where there is

a deep basin and the layer thickens in shape, the brown stone improves in

quality. The total thickness of the formation varies from 12 to 17

feet. Pick and wedge and plug and feather are both used to get the
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ite quarry.

Canadian Gran-
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works, Ottawa.

stone broken up into suitable blocks. Two other quarries are operated oit

the Chisholm properties, located on' both sides of the railway and the river.

The other chief quarries at the forks are those of Messrs. Patullo,

Yorke and Elliott. The Patullo quarries are two in number, one on the

south side of the stream, below the forks, overhanging the railway track, and

the other on the north side of the west branch of the river. The quarries

of Lionel Yorke and N. M. Elliott are both on the south side of the main

stream, overhanging the railway. Besides these, several smaller quarries

have been opened at various points along the escarpment towards the south.

The extent of the brown freestone will be limited as the work gets under

the linestone covering, which overlies it here to a height of 150 feet, but

there is practically an unlimited quantity available, although much sorting

from the grey is necessary in places. The grey stone is available over a great

extent of country along this escarpment, as is also the limestone for

rough walls and for the manufacture of lime. The upper limestone is stated

to make a better quality of lime than the lower.

By referring to the evidence it will be seen that in the Port Arthur

district valuable building stones abound, especially red sandstone on Yert

island in Nipigon bay.

At Little Current, on Manitoulin island, the Trenton formation of the

Lower Silurian is visible. A bed of dolomite of six feet in thickness is

quarried at the village and makes a very good building stone.

GRANITE AND GRANITE WORKS.

The granite quarry at Kingston produces a red quartz syenite with

occasional large crystals of pyroxene, but large masses of the granite may be

got free from the crystal blemishes. In the joints a little copper pyrites is

now and then found. The syenite comes up from beneath the Silurian

limestone which ends here just east of the city, and there is an inexhaustible

quantity of material to work upon. Small blocks are cut up and sold for

pavement for ^3.10 per square yard, while the larger blocks are sent to

Ottawa to be cut and polished at the works of the Canadian Granite

company, which owns the quarry. The shipping facilities are excellent, as

boats may be loaded at a deep water inlet on the river side of the property.

The Commission visited the works of the Canadian Granite company at

Ottawa for the sawing, turning and polishing of granite and marble. This

company controls quarries of granite at Kingston and marble at Renfrew.

It is also experimenting on serpentines which come from the township

of Templeton on the Quebec side of the Ottawa river, some of which are

very beautiful. Serpentine also occurs on the Ontario side of the Ottawa,

but at points too far distant to compete in .price with the Quebec article. The

plant of the works consists of sawing apparatus, rubbing beds, turning

lathes and polishing jennies run by an engine of 60-horse-powef. Both the

granite and marble take an extremely handsome polish and are said to be

exceptionally durable. The granite or syenite is said to be harder than the

average, and to cost 15 or 20 per cent, more for working on this account.
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MARBLE AND MARBLE QUARRIES.

In the village of Madoc a band of crystalline limestone of the Lauren-

tian series has been opened to a limited extent for the production of a dark Madoc marble
^ ^ quarnes.

colored marble. The band is about 900 feet across, with a north and south

course where opened, lying between granite on the east side and limestone on

the west, beyond which latter again there occurs a band of slate or ai-gilla-

ceous shale. It is nearly vertical in position, pitching about 10° to the west.

The marble is a fair quality, crystalline and dark colored, polishing almost

black. Checks or joints occur here and there near the surface, but are said

to become less frequent as the band is sunk upon. The quarry was nearly

filled with water at the time of the Commissioners' visit, so that a proper

examination of it could not be made, but we were informed that a depth

of 38 feet had been attained, and that at that depth the open floors

were six to eight feet apart. There are various colored bands, chiefly grey

(which, as above mentioned, polish almost black), grey and white mixed, and

in other places some white in broader bands with the grey, which could

be sawn out. This marble should be well adapted for all mourning pur-

poses, as well as for designs where a dark colored material is required. Its

specific gravity is 2.782. The machinery on the ground consists of a 3.5-horse-

power portable boiler, two steam pumps, an Ingersoll gadder, a diamond drill,

a channel machine, a 30-ton derrick and necessary tools. Cutting is made with

the drill, successive borings on the same line making a clean cut of any sized

block that may be required.

The Bridgewater marble quarry is in the township of Hungerford, in

Hastings county, and is worked by the company owning the ^Nladoc quarry. Bridgewater

The strike of the band is north and south, dipping slightly eastward from the

vertical. On the east is a quartzose rock with large masses of quartz and

felspar, immediately followed by a closed grained pink colored syenite. On
the west side is a highly altered shale

dipping at a high angle. The latter

vai'ies in places from a gneissic to a

chloritic, talcose and micaceous schist,

succeeded by gneiss. This band of

marble is some 500 feet wide, and

curves around from north and south

to south 30° east. Where an open-

ing has been made it is observed that

the joints are at right-angles to the

strike and running with the dip. and

are four to forty or fifty feet apart. The open floors are two feet to ten and

twelve feet apart. The seams vary from six inches to ten or twelve feet

apart, the average being about two feet. The marble has a pure white color,

clouded bluish and greenish in places and with bands of pinkish or salmon

color in other parts. These latter bands may be sawn out, being twelve to

eighteen inches wide. The marble is closely crystalline, but compact, and is

shown at Bridgewater to stand the weather well. A church has been built

of it at that village, as well as portions of houses and stores, and they have

marble quarry.

Fig. 2. - Scootamatta marble band.

It. Gneiss, h. Schist, e. Marble, u. Syenite.
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stood over twenty years without showing any signs of weathering. It is

said to be practically identical with the marble at Gouverneur, in the state of

New York. The company expect to be able to ship large blocks, which

pay best. The finest quality sells at $2 and the poorest at 50c. per cubic

foot. The specific gravity is 2.751.

The town of Renfrew is situated over a very wide band of crystalline

Renfrew marble limestone, which crops out at different points, but especially upon a lot in

rear of the Roman Catholic church. This latter is well adapted for quarrying

into large pieces of solid and massive stone, which is free from checks and

dries, and stands working, sawing and trimming for marble purposes. The

property is operated by the Canadian Granite company of Ottawa, and the

product is shipped to that city for manufacture. The marble is a crystalline

limestone of greyish hue, slightly tinted in places with hornblendic crystals,

and in other places small crystals of mica are visible. It is taken out by

block and feather, and costs $2.25 per cord for labor. The largest blocks are

nine feet long by two feet square, and about 25 per cent, is wasted in the

quarrying. It stands the weather better than any stone e.'fcept granite, and

some granites will not stand as well. We saw one building which had been

put up nearly forty years ago. No action from the weather was visible except

that the tint had become slightly dai'ker where most exposed, and this change

could only be seen upon careful observation.

There is another wide band of crystalline limestone at Arnprior upon

Arnprior marble which several openings have been made, and near which works have been
quairj.

erected for cutting and polishing. At the works the strata dip 30° to

the south-west, and the strike is north-east and south-west. This band is of

a bluish tint, with dark blue wavy lines, and yields marble of excellent

appearance and quality. The plant of the mill consists of three sawing

gangs, three turning and two polishing lathes and a rubbing bed, all driven

by a 25-horse power engine. The marble is made chiefly into monuments,

but is also manufactured to a small extent into table tops and mantel-pieces,

and is used in public buildings for decoration.

Half-way down Echo lake, on the north side, a point of banded marble

Garden River runs out. It is composed in places of alternate thin bands of pure white
and Echo Lake ^

_ _
'

marble. and colored stone, much twisted. The colored portions being harder are

weathered out more prominently, and show the structure very plainly. Sir

William Logan describes its appearance very fully in his report on this dis-

trict. As a rule the marble is tinted. This is especially the case behind

Garden River, where the same series of marbles are again tapped ; but at

Echo lake there is an immense quantity of the banded marble with pure

white streaks. Where again accessible in the bluff about two miles north of

Garden River village, on St. Mary river, the band is about a mile wide. The

sti'ike is about east and west and the dip about 50° north. The marble is quar-

ried at this location by a Chicago company, and a railroad is being constructed

into it from the river. It is a very close-grained and hard stone, and is said to

take an excellent polish. The colors are shades of green and pink in different

parts of the bed, blending by very soft gradations into white. It is quai-ried

against the north and south joints, and may be got out in very large layers.

II
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CEMENT CLAY AND WORKS.

The mill at Thorold which manufactures the well-known Thorold cement

was not visited; neither were the works at Limehouse in the county of Halton, Cement.

on the line of the Grand Trunk railway; nor at Keppel, in the county of Grey.

No evidence was offered respecting any of these. They are all in the Niagara

formation, forming one of its lowest beds. Neither was evidence forthcoming in

regard to the cement rock in the Eurypterus beds which crop out near Cayuga,

and from which formation most of the celebrated Buffalo cement is manufac-

tured. The Commission, however, visited the cement quarry at Napanee and

the mills in connection therewith, the property of the E-athbun company of Napanee

Deseronto. The rock here seems to belong to the Trenton formation, and is

worked as an open quarry very cheaply. Fig. 3 represents a section of the

formation and quarry. The kilns for burning the rock have chambers 26 feet

by 8 feet, each having a capacity of 90 barrels per day. They are drawn every

eight hours. The cement mill in connection with the quarry has a capacity of

400 barrels per day, which may be enlarged to 600 barrels. It has now three

run of four-feet mill stones, each of which grinds 130 barrels per day. The

burnt cement is brought from the kilns by a self-dumping car and emptied into

an inclined plane which shakes the charge gradually into a cracker or coffee

mill, and thence it runs through the millstones. After being ground the cement cement mill,

is bolted through a screen of 45-mesh to the inch. The cement is said to be slow

or medium setting, and tests of strain given by the manager are as follows :

24 hours, 25 to 30 ft to square inch.

7 days, 50 ft to square inch.

30 days, 125 to 140 ft to square inch.

60 days, 180 to 220 ft to square inch.

CLAYS, BRICK AND TERRA COTTA.

The clays obtained by the Rathbun company at Napanee for their large

works at Deseronto, referred to in Mr. Eathbun's evidence, are used to .
JSapanee nulls

make terra ootta, red and white brick and tiles. It is also claimed that a cia.vs.

species of fire clay is obtained from the same deposits. The beds lie just

below the cement formation on the flats, and alongside the railway, and are

an alluvial deposit. The formation dips very slightly to the north, being

almost horizontal.

The Commission also visited the large new porous terra cotta and brick

works of the Eathbun company at Deseronto, which are described in the evi-

dence. The clay is mixed with sawdust, the latter being entirely consumed works,

in the burning. The process is very satisfactory, the product being light, yet

strong, and with all the advantages of porosity. It is made into various

forms, according to the use for which it is intended. The brick for lining

the inside walls of buildings is about 8 inches wide, 12 long and 2 in thick-

ness, and is deeply grooved on one side so as to form a series of upright

ventilating shafts when placed in the wall. It would appear to be well suited

for economy in the heating of dwelling-houses, churches and public buildings,

as well as for purposes of sanitation, and the superior acoustic properties of

public halls in which it has been used are said to be very noticeable. The
brick used for deafening and fire-proofing is made into sets, each of which
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Cotta company.

Clay-bed at

Hamilton.

makes a complete arch between the beams or joists of a floor, and is getting

in demand for banks and public buildings.

Mr. Hynes of Toronto makes excellent terra cotta ornaments and
building material from a clay obtained in Peel county, about which his

evidence gives information.

Near Milton, as at the Forks of the Credit, a thick bed of red clay

BHckincfTen^'^
Underlies the freestone at the base of the escarpment. Fig. 3 shows its

position at Milton. The works

for the manufacture of pressed

brick are situated on a switch

of the Credit Valley railway
Fia. 3.—Section of formation at Milton briclcyard.

e. Limestone, f. Freestone, k. Red clay. and beside a bank of the clay,

which is excavated by an open cut, and the material is run directly into the

works at a very low cost. In this bed there are occasional layers of greenish

clay, which are carefully sorted out when the finest quality of brick or terra

cotta is required. The greenish layers are not numerous, and the sorting is

not attended with difficulty, although it requires careful attention. Fig. 4

shows a section of the excavation close to the mill. The

clay is very hard and is excavated by pick, and also by

the use of dynamite. In the latter case a hole is bored

with an auger to a depth of three or four feet and the

charge inserted. The clay is then wheeled in barrows to

the crusher, a dry grinding pan with a capacity of 40,000

After being crushed it is elevated and ruu

thence it is run into a large

sized hopper and falls into a pressing machine. The press in use is

the A'^ictoria dry press machine, patented by Smith Bros, of Gait, and

manufactured by Goldie & McCulloch of that town. Each machine,

of which there are two in operation here, has four moulds, and can

turn out from 20,000 to 24,000 pressed bricks in ten hours. As the

clay is pressed dry it may be carried to the kilns at once. Four kilns have

been erected, each 20 x 32 feet inside and 12 feet 6 inches high from the

top of the fire-places, which are 2 feet 6 inches from the floor. Each kiln has

a holding capacity of 120,000 bricks, uses from three to four tons of coal per

day and requires eight days firing to finish a charge, it is estimated that

70 per cent, of the product will make marketable brick of good color for

housework, the balance being used for inside walls and sewers. The inferior

bricks are chiefly from the lower part of the kiln, and though harder they are

not so evenly colored as the upper layers. A few bricks are vitrified by the

intense heat. The brick is of a rich dark color, and is very hard and compact.

The bed of clay underneath the mountain, at the rear of Dr. Springer's

residence in Hamilton, was visited by the Commission in December. A
surface excavation had been made, but being partly filled with water it could

not be properly examined. There appears, however, to be a large deposit of

clay of a very fine grained texture and of brown color. A burnt specimen

shown us was very hard, and of dark i-ed color.

Pig. 4.—k. Med clay, bricks per day.
I. Greenish layer of
clay. m. Bark red clay, through a 3-1 6th mesh screen

^ 1

I
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ROOFING MATERIALS.

Fibrous serpentine, called " actinolite," is found near Bridscewater, in

the county of Hastings. No member of the Commission visited the places ^J^ous
^ serpentine.

or production, but the process of manufacture at the mill in Bridgewater

was witnessed. This consists simply in breaking the rock in a Blake crusher

and then grinding the crushed material in Taylor's disintegrator, after which
it is bagged and shipped. The rock is similar to what is called fibrous talc

in New York state, where it is ground for-a like purpose.

A fissile shale has been opened upon in the north-west corner of lot 5,

con. 6, in the township of Madoc
; the strike is nearly 60'' east and the dip

^'^^^'

80° to the south. It is a very strong shale, and in places cleaves nearly as thin

as ordinary slate
; color, grey. It has been opened to a depth of 35 or 40 feet.

Dr. Alexander Pattullo—I reside in Toronto, but am interested in property at
the Forks of the Credit, ou which there are several quarries. The property is just Forks of the

a,loug3ide the mountain anl near the railway. The stone is a red and a grey free- '^^on^
^^^^

stone. We supplied a good deal of stone in Hamilton, and I think some to the
government buildings there. During the last eight years we have supplied a great
deal of stone to people in the city of Toronto, and it has been used in many
buildings here, amongst others in MacMaster Hall. We began to work our
quarries in 1881, and we are now supplying some of the stone for the Par-
liament buildings. On the east half of lot 7, in the 3rd concession of Ciiledon,
is the Elliot quarry, contnining botli grey nnd red sandstone. On 9 in the same
•coucassion we have 200 acres containing red and grey. Mr. Yorke has part of 9 on
the same concession, on the east side. Mr. Chisholm has 10 and 11 in the 4th.
On lot 12 there is excellent grey stone. That appears to be the northern limit of
the freestone region. The grey and red occur in the same bed, in seams. There is

no difference in the quality of the stone except that the grey has no coloring
matter. The quantity is practically without limit, but there is a limit to the
profitable development, as in other parts of the country it is covered by an enormous
depth of limestone. The entire length of the outcrops iollowing the sinuosities of
the mountain is about S\ miles. The average depth of the quarry is about 17 feet.

There are three persons in our company, and I suppose we have about $20,000
invested. VVe have sometimes had as many as 00 or 70 men on our pay roll.

Wages of quLU-rymen range from f1.50 to $2 a day. We never had more than one
team, so we do not require to use teamsters at all. Our laboring men get from
§1.25 to .$1.45 a day. I suppose that about 3^5,000 worth of stone from our quarries
has been sold this year. We have very large deposits of deep red clay at our sand-

^^^^j j .
^ th

stone quarries, at the Forks of the Credit. It appears to be very pure and free Forks of the
from lime ; it crops out on the escarpment and could be easily worked. I cannot ^''^'^i*-

tell you the depth of that clay exactly. We have 100 feet of the Niagara limestone,
then 15 or 20 feet of water lime, and below that layers of clay and sandstone mixed,
I suppose for about 100 feet, than a sort of yellow clay, then the freestone, then
about a foot of blue clay, and then we come to the red clay ; it extends fcO feet
a.bove the railway and continues uiider I don't know how far. It breaks into
cubes about half an inch in diameter when dried. It has not been tested by burning.
We have also the same kind of clays they use for making tire-proof paints at Lime-
house.

Thomas Marks—At Verte island there is a quarry that has been worked for
three years. Large shipments have been made to Chicago, and it is considered by Verte island and

the best architects to be the finest stone in the market ; it is better than the best ^''*V?®
island

brown stone used in New York. Some of the finest buildings in Chicago are
erected with that stone. It quarries out in large blocks of five and six tons. I was
told in Chicago that it stands as great pressure as granite, or even more, and they
say it cannot be excelled for withstanding frost and fire. The only places where 1
have seen that stone are on Verte island and ftrange island ; it is convenient for
shipping to all the great cities of the States situated on the lakes. There are
11,000 acres on Grange island ; on Verte island thequarrymen have gone below the
water line, and there appears to be any amount of it. The formation extends about
100 to 150 feet above the water, and seems to run that thickness across the islands.
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Potsdam
sandstone.

:^^arble in the
north of

Frontenae.

Madoc and
HuDgerford
marble quarries.

Hungerford
Marble
company.

Hastings, Kew
York and Ver-
mont marbles
compared.

W. J. Morris—There is a fine potsdam sandstone fit for building purposes in

the township of Bastard, county of Leeds, which in some places is colored with

yellow ochre. It is also found in the toAvnship of Elmsley. In Miller, Clarendon,

Barrie and Palmerston, in Frontenae, there is marble as good as anything in-

Yermont—pure white, dove color and pink. The trouble is that it is too far from

a railway, about 17 miles. Barrie is the marble township of Canada. Sir William

Logan showed me specimens he got there which he said were equal to the best

Italian statuary marble. The country has never been properly examined ; the

six northern townships of Frontenae are a terra incognita.

A. A. McDonald—I am interested in four quarries, two in North Hastings,

one in Hungerford and one in the tOwnshij) of Madoc. We obtain from all the

quarries valuable stone for build ng and other purposes. The quarry in the town-

ship of Madoc is commonly known as the Victoria or McKinnon. It extends over

40 acres and contains excellent building stone fi'om 3 to 14 inches in thickness,

and in some parts of the quarry in layers of two feet in thickness. The stone is

easy to take out, is hard and firm, and partakes somewhat of the nature of a

lithographic stone ; part of it might be used for that purjiose. The propertj' is

quite convenient to the North Hastings railway, and some 300 or 400 carloads were
shipped this year, part being used for the foundation of the new Parliament

buildings at Toronto. It has also been used in many of the principal buildings of

that city and has given satisfaction. The Hungerford quarry is on lot 10, in the

9tli concession and quite near to the Crook>ton station of the North Hastings

railway. The quarry was opened last summer. The stone is a firm and fine grained

limestone, and occurs in layers from 16 inches to 4 feet in thickness. It is well

adapted for heavy buildings, railway bridges, etc. Messrs. Manning and McDonald,
the contractors, are getting the stone from this quarry for the bridges across the

Don. Our object in getting so many quarries was to be in a position to fill any
order. There are at present about 40 men employed, and it is the intention to

double that number if the demand will justify it. The Crookston quarrj? is equipped
with machmery for the loading of heavj' blucks on the cars. The machinery for the

other quarries will be in position in a short time.

E. J. Whitney—My residence and home is at Gouveraeur, in the state of
New York. I am acting here as superintendent of the Hungerford Marble com-
pany's quarries. The capital of the company is $100,000. The jnarble at Gou-
veraeur is very similar to the marble here, as is also the country rock, which is

principally granite, gneiss and crystalline limestone. That marble sells well, in fact

the demand is greater than the supply. The St. Lawrence Marble companj have
to run night and day to fill orders, and then cannot keep up. These crystalline

marbles will stand the weather better than the metamorphic marbles of Yermont,
and generally they work as easily. The quarries at Rutland, Yt., have dark stocks,

and they always have orders in excess of their output, the dark being in great
demand for outside work. The St. Lawrence company's marbles stand the weathei-
better, polish as well and look as well. The Gonverneur quarries produce a blue
stock that cannot be produced in the Rutland. There are a great many bands of

that kind of marble here, and speaking generally all through the country there is

any quantity of marble ; all that is required is to go down far enough to where it is

sound. Under similar circumstances on the other side of the line marble of
satisfactory character is produced, and I am satisfied that as good can be found here,-

and that there is an enormous quantity of it ; in fact I think there is no limit to-

the quantity. Yery little of the Rutland marbles is used for outside work ou
buildings ; it is not good for that purpose. The marbles here are good for either
inside or outside work. Almost all colors are found, white, salmon, grey, black.,

mottled, drab, with black veins, with white veins, verde-antique and dove blue.

All through St. Lawrence county, in New York, there are gravestones of crystalline
marble that have been up 70 years, and thej^ are perfect yet though they were cut
out of the surface rock. It will stand next best to granite, but will not moss like
granite, and will stand fire better than any other stone. The old Fowler mansion,
at Gouverneur, was built over 50 years ago out of just such stone ; in 1874 it was.
burned down, and in 1875 some of the stone was taken to build an hotel. The
only efi"ect the fire had upon the stone was where it had gone out through the
windows

; there it crumbled the corners a little. In the academy at Gouverneur
there is a slab that has been up since 1839, and it is as clean as when new. I had
a marble shop burned down ; the Italian marble all broke into little pieces, the
granite also cracked to pieces, while the comers of the crystalline limestone
just crumbled. There is no doubt that it makes the best building stone. Whereve_
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marble takes a turn or bend it is never sound, but where it straightens out again it

is good. I think the black nuirble here will turn out to be good, it is only a

(luestion of depth ; in the Rutland quarries they did not get any that was good

till they got to a depth of 100 feet. Good black marble is scarce, and if it is first Black marUe

class it is worth as much as statuary ; but as a general thing we cannot rely upon
getting any quantity of it without being clouded. The demand is limited ; the

present price of a good fair article is $6 or $7 a foot sawed. The company has

opened up two properties or quarries, one of them in the village of Madoc and the

other about a mile and a half south of Bridgewater, on the Scootamatta river. The
Madoc quarry was opened in the latter part of August, 1887. The band is about

900 feet wide from east to west ; it curves, and I have traced it as far as Hog lake,

a distance of about two miles from north to south. The lower wall on the east is

granite : it dips about 10 degrees to the west. The upper wall is a mixture of

granite and lime rock, but not what can be called a conglomerate. The dip is 10

degrees to the west. Beyond to the west is a slate which in some places is tipped

up 30 or 40 degrees ; in other places it is l early horizontal. It would be good for

rooting, but that it splits a little too thick. At present we have sunk on the Madoc
property to the depth of 38 feet, but it is our intention to drill down 300 feet in

order t > get marble that will do for polishing. The marble is very good, the color

a grey black. Its hardness is greater than that of the Vermont white marble, and

about equal to the Italian marble. We find that the quality gets a good deal better

as we go down. We have not as yet taken out any merchantable marble from that

quarry, though we have taken out blocks part of which would be merchantable.
"'=

At the quarry we have a BO-ton derrick, a diamond drill, a channelling machine, Machinei-Y aH«.j

an Ingersoll gadder, a 35-horse power boiler, two steam pumps, and all the tools '^'»^^*-

required ; we have a full set of quarrying machinery. To run our machinery would

take from eight to ten men, including one machine runner and two foremen
;
the

rest would be quariymen. The average wages here is §2.75 for machine runner and

81. "25 for quarrymen per day of ten hours : the wages are about the same as in New
York state. Besides the Madoc quarry this company is working a white marble quarry

near Bridgewater. The location there is about 40 acres in extent. The band is uridg-ew»ier

about 500 feet wide, and the course is about northwest and south-eist. I have fi'^^'O-

seen where it crops out a couple of miles above Bridgewater, but not below. It

crops out at the surface, whe^e work has been carried on. There are .-everal small

ridtres, each of which shows white marble. The lower wall is granite
;
the upper

wall is gneiss, and is very clearly defined. The marble is white, but has some
cloudings of blue and green . The pitch is about ten degrees from the perpendicular

to the west. There are two thin layers of salmon colored stone, one about 10 inches

and the other 18 inches. At the village of Bridgewater there is similar marble, and

it was quarried twenty-five years ago to build a church and some private buildings.

We worked our quarry there this summer, removed most of the surface ma' erial,

ind got down about 12 or 14 feet; the work was all done by hand. The
quality of the marble is very good and improves as we go down. A large amount
of the surface stone taken out would only answer for building, but good merchant-

able marble is now exposed. We employed ten men there till about the 1st

of August. We intend to test the property with a diamond drill. There is no pro-

perty th .t I know of that could be so cheaply quarried as this one. It could be

worked a good deal cheaper than the Madoc quarrj'. The marble would be suitable

for monumental work ; the low grade would make good trimmings for buildings,

and the higher for monumental and interior purposes. The price at the mill would

be 82 a cub^c foot for the better, and down to 50 cents a foot for the pooler quali-

ties. The shipping facilities are not good ; we can only ship by hauling a distance

of three and a half miles to Tweed. In a direct line we are a mils and a bait from

* The following report on a sample of marble from the Madoc quarry has been made by
Edward J. Chapman, Professor of Mineralogy at Toronto University: "This marble is a

dark grey limestone of uniform crystalline texture, and as a rule of good strength. Its

absorption is very low, averaging only 0.17 per cent. The stone is thus well fitted to withstand

the action of frost, and to resist the disintegrating effects of atmospheric action generally.

Its specific gravity equals 2.744. A cubic foot thus averages 171 lbs. in weight. As regards

composition, the marble consists essentially of calcium carbonate (commonly called carbonate

of Hme) holding a little magnesia, with traces only of ferruginous matter, and under 2 per

cent, of intermixed silicates. The practical absence of iron ensures the stone against change

of color on exposure to the weather ; and as the amount of intermixed siliciuus matter is

exceedingly low, the polished surface IS not likely to become pitted or otherwise impaired.

The stone therefore from this quarry, judged by the sample submitted to me for examination,

is a dark crystalline marble of very good quality."

6 (M. c.)
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the railway. We were talking of putting up a marble mill and running it by water

power, and we could get a head of water of 8 feet, but that has not been decided on
as yet. The company has bought 50 acres from the Canada company, and 10

acres from Mr. Clapp, a mile and a half east of Bridgewater, oa which there is a

blue marble similar to that of Rutland. There is a good band of it from 50 to 100

feet wide ; it is distinct from the other. On the Canada company lot there is a

Serpentine large band of sei'pentine marble. I have examined it once, but have not done ai)y-
marble. thing to it. In serpentine, as a rule, there is a great deal of unsoundness, but this

is fair ; there is some white in it, and that makes it sounder. There are very few
serpentine bands that I have seen as sound as this one. 1 do not know the width
of the band, but, judging from the outcroppings I think it is from 300 to GOO feet

wide.

J. E. Harrisoti—The white marble at Bridgewater is exceeding close-grained,

"Die Bridgewater
I'enderiiig it very suitable for tine work, bearing sharj) edges and undercutting,

marble. F(jr building purposes it has few equals amongst the various kinds of stone now
used, being capable of sustaining any pressure required for masonry, and being non-
absorbent it is free from discoloration when exposed to the weather. This point

of excellence is proved in the walls of buildings, erected from thirty to thirty-five

years ago, which show no sign of becomi g weathered. It has been used for over

Its use in the thirty years for making lime, and the lime business alone could be made very large
manufactnre of .^^i^ proiitable, as has been proved by the experience of those eng^ged in it here-

tofore, notably that ot the Dudswell Marble and Lime Co. of Sherbrooke, in the

province of Quebec. This tirm ship, besides marble stone, an immense quantity of

lime throughout the province of Quebec and New England, reported by them to

have been about 120 car loads per month for 1887. This lime, used for plastering,

with clean sharp sand, is glossit r, harder and whiter than a finish made of the
best plaster of Paris.

A. B. McDonald—I live at Arnprior, and am a member of the firm of E.

Arnprior marble McDonald & Son. I am engaged in the marble manufacturing and 2:>roducing busi-

nuarries and ness. One of our (j^uarries is at the corner of Russell and Elgin streets in this town;
^°'''**- the other is about a mile and a quarter distant, in an easterly direction, on a cove

of the Ottawa river. The marble from that quarry is known as Ottawa Valley
marble, while the other is known as Arnprior marble. We have another quarry
here ac the mill, but it i» the same as the Arnprior. We have three sawing gangs,

live lathes, three turning lathes, two polishing lathes, a rubbing beil, an I a 25 h.p.

boiler and engine. I do not know the total value of the plant. This mill was for-

merly on the south side of the Madawaska, and was owned by Farquharson,
McLaughlin & Hartney ; they ran it for about four years. We acquired the pro-

perty in the fall of 1878 and have been running it since. I cannot tell you what
our output is. Our market is altogether in Ontario. It is used for monumental
purposes^ and to a small extent for ornamental purposes such as table tops and
mantel pieces. It has been us(3d for a number of public buildings, among others
in the House of Commons at Ottawa. [ suppose we make about $4,000 or $5,000

Character of the worth of monumental marble a year. The Arnprior marble has a dark blue ground
marble. with wavy veins ; the Ottawa Valley marble has a grey ground with dark wavy

veins. I do not know any other marble that will take as good a polish
;

it cannot be stained ; it will not absorb moisture at all, and it stands exposure well.

We have not been working this year, one reason being on account of the state of

the market. When we are working we employ from 15 to 25 men. The engineer
gets $1.50 a day, quarrymen $1.25, polishers $1.25 to $1.50, stone cutters $1.25 to

$2.50, and other men $1.20 to $1.25. One of the reasons that we find it difficult to

compete with the American marble is that our stock is very hard and difficult to
American com- ggt out, and then it does not come out in the right shape. American mountain blue
*** ' " is a cheap marble. Southern Falls is a good marble ; it is light in color, and I

think is as good as this ; besides, it can be worked cheaper than ours. The Ottawa
Granite Co. get marble at Renfrew, but they don't sell much of it as monumental
marble; it is mostly the American that is sold for that purpose. The duty on
marble is 35 per cent, sawed on four sides, 25 per cent, on two sides, and in the
rough 15 percent. I am informed that the Americans sell marble here at $2.00
and $2.50, while they sell at $o.50 in their own country. They make a slaughter
market of ours, and it is mostly inferior marble they sell here. That is the reason

Extent of the we are not running now. The marble dips about 30 degrees, and runs north-east
marble bands, and south-west. About a mile and a half from here we have a marble very like the

GfJnverneur marble ; it is light grey with light brown streaks and extends about

i
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tive miles to the south and three miles to the west. There is no granite in this

part of the country ; it is all marble. North-west it extends about twenty miles,

and east of here about 12 or 15 miles. In different places it varies in color and
texture.

W. H. Wylie—On the lot adjoining my iron jjyrites property in Darling, ser-

pentine shows out of the face of the hill in a largo mass. I don't know the width Serpentine and
of it ; the main outcrop is at least 12 feet. White marble occurs in the same marble in Dar-

locality, on the lot adjoining the iron pyrites ; it shows upon the face of the hill.
'"^"

There are several parallel ledges, and one from which I took a specimen showed
about 50 feet long, but I cannot say what the width was. I have not sent specimens
to any dealers. It is a long way from a railway, perhaps ten or more miles.

/. B. Campbell—There is a great deal of very good marble through the
Haliburton country, of the ordinary white crystalline variety. It is both in Marble in Hali-

Sn 'vvdon and Glamorgan, and some variegated has been obtained from 17 in the burton.

1st c-ncession of the latter township. Some has been polished that came from
Galway, and some taken from lot 32 in the 5th of Snowdon has been used for

monumental purj^oses.

Moses Snow—My home is at Bangor, Maine. I am superintendent of the
Warmington Stone and Marble company of Chicago. The stock of the com-
pany is $100,000. The marble properties of the company in <>ntario are near the
St. Mary river. There are two locations on Echo lake, but I do not know their

number ; they formed part of the Indian reserve. Besides the locations on the
lake we have another near Garden river ; all three were on the reserve. The The Garden
nearest point is two miles from the river St. Mary. The projjerty consists of a River marble

mountain the base of which is about 5,OuO feet through, 600 feet high, and 7,000 or i'^^'"'^-

8,000 feet long. Our three locations are about 560 acres altogether. We began
operations here about six weeks ago. During that time we have been engaged
building a boarding house, blacksmith shop, a stable and a railway. At present
we employ twenty-three men ; we have not done any quarrying yet bey .'nd taking
out a few samples. Our market will be in Chicago ; we will ship as building stone,

the duty on manufactured stone being 55 cents a cubic foot. In the spring we will

put in five crews of 25 men each, and will open the quarry here. We will dredge
Echo river to get at the Echo Lake quarrj^ ; it is all the same band. I th:nk in

the land we have taken up we control all the valuable marble there is in this band.
I consider the marble of a very tine quality, tlie best 1 have ever aeen and I have
been m the marble business for over twenty years. We will work it as variegated ;

we do not expect to get any pure white tnarble ; it is for building purposes we intend
to use it. The sizes we quarry are 2 feet by 4, 2 by 6 and by 8. The marble is

very free from cleavages, and there is any amount of it.

Aleraiuier McLean—I live in Ottawa and am president of the Canadian Granite
Co.. which was organised about three years ago with a capital of $50,000, all paid CanadianGranite
up. We have works in Ottawa for manufacturing granite and marble for the company,

wholesale and retail traae. Our plant consists of sawing apparatus, rubbing Ijeds

and turning lathes ; we have also polishing jennies and machiufry of that description
such as is necessary for the purpose of working marble and granite. We employ
about 45 men. We own a granite quarry at Kingston, acquired in 1884, being
about 18 acres. It was opened some three years agi.), seven or eight months after

it was acquired. The shipping facilities are very good indeed ; we ship on the
Rideau canal to our works here, which are on the canal wharf. The color of the
granite is a dark red, varied by dark and black spots ; it is an eruptive granite and is

very hard. There are some particles of mica in it ; some call it a syenite. The
mica is in very small particles. All the granite down the St. Lawrence is dark red,

and that on the American side is very much darker than ours. There are a great
many natural seams, and that is the difficulty

;
perhaps if we get down to a con-

sidterable depth that may improve, but we cannot say as yet that there is any
improvement. We have got out some very large blocks, but the waste is very
considerable. This granite takes a beautiful polish, better than any I ever saw. It

is worth from 15 to 20 per cent, more than the ordinary granite to cut. It is used
for ornamental purposes, columns for buildings, etc. There is a good demand for
our product, but the price owing to Scotch and New Brunswick competition is very
low. In the old country they have a good deal of surplus stock, and bhe shipping

1
facilities are entirely in their favor. They can ship Aberdeen granite in any
quantity they require from Glasgow, even single orders to gravestone men. They

• --
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although we have very good shipping facilities as far as distribution is concerned.

I cannot tell you the number of tons we have brought down from Kingston. We
have brought a good many barges full, some for ornamental and monumental stock,

some for ])aving blocks, and some for granolithic pavement. The Granolithic

company is mainly made vip of tha sliarehnlders of our company. We have about

150, UOO paving blocks on hand, worth about $80 a thousand. We have sold some
of these granite blocks in Montreal, and some in Ottawa ; the demand for them is

increasing. The polished granite is sold throughout the country. What we sell

around here pays us better than what we ship, as we get the retail price. We have
sent a little to Chicago. Very little of the American granite comes into competition

with us. At the quarry we are about shut down at present. At the mill the number
of men employed is 45. During the summer we have 25 or 30 men at the quarry^ but
in the winter we only keep 3 or 4. We have a marble quarrj' at Renfrew and one in

the ti )wnship of Templeton,Quebec. We have leased the Renfrew property and we get

from it what is commonly known as the Renfrew marble ; it is a crystalline marble.

We leased that about three years ago. Since we have had it we have taken con-

siderable out. We do not work it steadily ; we just take out the quantity that we
require. We use it for monumental material, slabs, copings, window sills, trim-

mings, and for such purpose.s. It is an excellent stone and takes a good polish. It

is a degree harder than the ordinary limestone, and is not as liable to stain as the

ordinary white marble. The other property we are working is a serpentine ; it is

in the province of Q lebec. There is serpentine in this province, but I don't know
of ;<ny that is beiiig worked. In this province the quality is very fine, finer than
anything I have seen ; but the difficulty is to get the sizes, as it is all broken up.

The Templeton quarry is about 18 miles from here, and the cost of bringing the
marble from it is ab )ut the same as bringing the stone from Kingston. There is no
serpentine in Ontario as near to us as that. There is fine serpeiitine between h^e
and Chat's rapids and in other places, but there has been no development done.

W. S. Gihhon—In the town of Little Current, towards the western part, there

is a large quantity of dolomite. Back of my house there is a quarry of it. It is

used for building, and also for making lime of a very fine and strong quality,

which sets like cement. This stone is particularly well adapted for building

purposes, and the supply is unlimited.

S. J. DmcsoH—At Manitoulin island and St. Joseph's island 1 understand
there are magnificent deposits of limestone.

E. TV. Rathbun—At ISTajianee Mills we own a quany in connection with our
cement mills. As far as we have worked yet we find that there are five or six

layers <>f good cement stone, the aggregate thickness of which would be about four

feet, the layers being separated from one another by layers of limestone. The
cement stone commences perhaps about two feet from the surface. We commenced
work there about ten years ago. In connection with the cement works we employ
about 30 men, as regulated by the demand. Some parts of the work are going on
constantly, such as the taking out of the rock, burning or grinding. The rock is

broken to a uniform size, and then put into the kiln and burned ; it next passes

through the crushers antl grinders, and finally through screens of a certain mesh,
when it is fit for the market. Our output last year was about 9,000 barrels, valued

at as many dollars. The market is in Ontario, to the Grand Trunk railway com-
pany, for public works, etc. Our capacity is equal to 400 or 500 ban-els a day.

There is no doubt that the cement is first class, for by actual test it stands ahead of

the Akron cement. It sets as hard, but not as quickly, as the Portland. The
demand for it is increasing ; it works well with our terra cotta, making a firm and
solid wall bj' the cement rooting into the porous character of the terracotta material.

We expect it wull come more and more into use. Our contracts for 1889 aggregate

already three times the output of 1888. About a year ago we started the manu-
facture of poious terra cotta for building and fire-proof purposes. It i- manufac-
tured under American and Canadian patents which we control ; we have made great

improvements. The clay is mixed wuth sawdust to an extent governed bj' the

weight and strength we wish to produce. What we find the most useful is a mix-
ture that gives a product about one-third the weight of brick ; that is to say a pro-

duct a square foot of which will not weigh above one-third as much as a square

foot of brick. In the process of the manufacture the sawdust is wholly consumed,
leaving neither charcoal nor ash. In the burning it forms a chemical combination

with lime, etc. The sawdust is altogether consumed, leaving little air spaces

therein. The object of having open sj'aces is for the sake of lightness, di-yness
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and uniformity of temperature. It also deadens sound. After the brick comes
out of the mould it is dried and at this season of the year we apply artificial heat.

The length of time it takes to dry depends upon the temperature and other c<ilidi-

tiuns. We have tunnels for drying, in which we put through a charge a day ; on the
diying floors, to which heat is conveyed by steam pipes, it requires several days.

We make the terra cotta for several different purposes, such as ceilings, floors,

pirtitions furring, roofing, etc. When used for roofing it deadens all sound, so Use of the terra

that the falling of rain or hail cannot be heard underneath. The roof may be "^o***-

covered with tar paper and asjihalt, for nails can be driven into it as firmly as into

lumber. It is also well adapted for churches and assembly chamber:* on account
of its acoustic properties. A material of some similarity was u.«ed in the largest

"building io Chicago, the Auditorium. They make the material there softer than
•our architects would allow it here. The strength required in New York is equal to

a pi-essure of 1,700 lb. to the square foot. A test was recently made in Toronto of

our material when 4,545 lb. of pig iron was put on to a square foot of a four feet

span, and that without any j'ielding or sign of weakness. This «a? perfectly satis-

factory to Mr. Waite, the architect of the Government buildings, the Bank of

Commerce and the Canada Life building, all in Toronto. Another advantage it

possesses is the ease with which it can be handled by workmen. We get the clay

for the terra cotta from the same lot from which we get the cement stone at

Napanee Mills, where we also get building stone, brick clay, and almost a fire clay

from underneath. For this year the value of our product will be about 817,000.
Our market is altogether in Canada, and we are satisfied with the proi^ress we have Market,

mide so far. We hive had some verj- good orders. As our works are at present,

we employ -^0 men. On White lake, along the Napanee, Tamworth and Quebec
railwa}', there are large beds of marl composed of vegetable matter and shells

mixed together ; it is ound in a plastic state. Mixed with the claj^ from the
cement property it makes a pretty fair Portland cement.

Hewsoii Murray—T am the president of the Toronto Pressed Brick and Terra
Cotta Co. Our company was organised within a vear. The amount of the Brick and terra

authorised capital is Si00,000, of which the paid-up is between §30,000 and 840,000. cotta works

The property is on the Canadian Pacific railway two miles west o* Milton. We
have 100 acres. The clay was discovered in the earlj- part of 1H87, and it extends
over 70 acres. We have gone down about 21 feet and find it to inifirove as we go
down. It is just under the mciu tain, and on the same lot there are freestone and
limestone. We consider that the quantity is inexhaustible, being from 70 to 100
feet dtep. The clay is of a reddish cdor; we understand it does not contain any
lime, but there is some magnesia in it. We began work in the spring of this year.

We have an engine, boiler and two machines capable each of turning out 20,000
brick a day. The machines are worth abcut 82,000 each. We use sieel moulds.
At present we can make about 30.000 a day. We have just about completed our
Stationary kilns, each of which contain about 120,000 bricks. We are building a

shed over the whole five kilns, so that we will be able to work in any weather.

The first kiln was lighted in May or June, and the brick was rather light in color.

I think we made 300,000 or 400,000 this year. There are four or five houses being
built with them, and we have orders for some i'or wareh-iuses. We have also got
an order for 800.000 off-cnlor brick for sewers. The face or pick brick we sell at jiachiiierj-.

^20 a thousand. There occur in the deposit beds of white clay thai we have not

been able as vet quite to separate, but we hope to be able to do so. The clay is

crushed, pulverised, and put through our separators so that when it goes into the

mould it is hke fine dust and perfectly dry. The Canadian Pacific railway passes

through the lot and there is a switch to the works. Our su])erintendent is an
Englishman, and he says the clay is as good as any in the States, but he will not
admit that it is as good as the English. Alter the works are up I think a man;xger
and 10 men will run them. The wages are in the neighborhood of 81.25 to 81.50
per day.

M. J. Hynei—I am engaged in the manufacture of terra cotta in the ci'y of

Toronto. We get our raw material from the towns! tip of Toronto, county of ! eel, P'^"*'^^!!!*'

about 20 miles from here. In its natural condition the clay is red and is largely

impregnated with oxide of iron. I do not know the depth of the bed, but think
it will run 100 feet. We have confined ourselves to the manufacture of ornaujental
wurk for the inside and outside of buildings. We commenced work about five

years ago, and since that time our business lias increased very much. Last \ ear
we made about 825,000 worth. Our product has been sold all over Ontario, in

Montreal, and as far as the lower provinces. Our market is increasiiig.
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Terra cotta is coming very much into favor, but I do not know that it has been^

made as yet by anyone except ourselves in Canada. There are pot'eries all over

Canada. The clay they use is imported. The goods we make are protected by a
duty of 30 per cent.

Albert Carpenter—The compam'^ of which I am a member is the Hamilton and
Toronto Sewer Pipe Co. Our stock is 890,000, of which §70,000 is paid up. We are

only manufacturing at Hamilton. Besides the clay we get here we use some
imported clay which we get from New Jersey and Ohio. 'That which we get here
is quite close to the city, on the west side. We mix the clays in different propur-

tions according to the quality of the pipe we want to make. We tliink we can
make as good pipe without mixing the imported at all, but the trade is prej udiced and
requires i& to be done. We have had tests made by an enghieer, and the pipe made
alt igether from our own clay was the stronger. The value of our total output
has inci'eased within the last two or three years, and is now about $70,000 a year.

We employ 40 or .50 men altogether. We pay ordinary laborers $1.50 in summer,
skilled labor 81.75 to $2, and some working bj' the piece make as high as So a day.

We have two factories in the city. In one we burn wood and in the other coal, but
we cannot say yet which is the more economical. The wood we use is pine, and
costs about $3 jjer cord delivered. Our market is in Canada. There is another
factory in St. John's, Quebec, in which I had a half interest till about a year ago,

that supjjlies the pipes used in Montreal. We supply from Kingston west, except
Toronto. We do not supply more than one-third of the Toronto pipe ; all the
rest used in that city comes from Scotland and the States. With that exception we
sell most that is used in Ontario. Our business has had a steady growth. During
the last five years, since I have been connected with the enterprise, operations,

have doubled. The business is quite satisfactory and pays fairly well.

^. S. Mutton—I am interested in a deposit of kaolin at Hamilton. It is just

on the border of the city, a mile and a quarter from the city hall. It was formerly
the property of Dr. Springer. It is at the base of the mountain and a]ipears as if

the pressure of the mountain had driven it out. It is decomposed felspar Last
weelf ten cars of it were sent to some ci'ockery concern in Chicago. There was an
analysis made by the government analyst at Ottawa, and he reported it free from
iron or lime. It is useful for making ornamental articles and crockery. Mr. Plant
of Carleton has tested this clay and pronounces very favorably upon it. I took
some of it to New York and they said it was kaolin and a very good article. A
man from St. Louis said that he had never seen as good except at some place in

Texas.

Charles Taylor—My business is that of engineer. At present I live at Bridge-
water, Ontario. For the last twentj^-five years I have been interested in mining
in Nova Scotia and Ontario. In Nova Scotia I was employed by the London Gold
Mining Co. as superintendent of their works, and I erected the first crusher in

that part of the country. I came to this part of Ontario about six years ago irom
Montreal. Directly or indii'ectly I have been engaged in mining operations for

about twenty-five years, i have been working the actinolite mills at Bridgewater.
I put up the works there, and I have three patents on the process, one for breaking
the stone, one for pulverising, and the other for a composition for roofing. The
actinolite occurs diagonally in the vein, at an angle of about 40 degrees. We get
it sometimes in veins, som-etimes in pockets ; some of the pockets are from 10 to

12 feet broad, and where found in pockets it is generally in risms. It seems to

be associated in an upheaval between the dolomite and the gneiss or trap. On the
east side is a conglomerate of limestone and quartz pebbles, with a matrix of

limestone ; next tlm conglomerate is slate t'len magnesian rock, and then the gneiss
again. There is no trap near the actinolite itself. I have seen actinolite occuiTences
in other parts of the country, but only on the same range of rocks ; I have not
seen them in any other range. This is the only place I have seen it in Ontario. I

have seen it in the province of Quebec ; but there it does n 't occur in the same
manner, being associited with asbestos. We get different kinds of actinolite

; one
kind is long, another comes up in prisms from one-half or five-eighths of an inch to
six inches long. It is all the same when ground. We ha\'e not found any asbestos.

I think the present source of supidy mav become exhausted without regular mining
and a great deal of expense. During the six years I have been in the business we
have sent away from our jilace about 8(i,000 worth a year. The actinolite is first

broken up, then it is pulverised, then it is ground into dust, except that the live

fiber is drawn the same as paper pulp ; that absorbs the tar and it consolidates^
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We mix it up with tar the same as mortar, an I it can be put on the same
as morfcvr. Wliat we ship from the factory we do not mix with tar ; we sell it

iu a pulverised state. It is put up in bags containing 100 pounds ; on-" bag con-

tains enougii for 10 feet square of rooting and the price per bag is 75 cents. It Market for the

t ikes about oO horse-power to drive the machinery for grinding 25 to 30 tons a ^^° "*' '

day. We use water power alto,.^ether. Our mill runs about six or eight weeks in

the year, and we tind a market for our product in Canada and the States. We
always have orders ahead, and this year we could not till all the oi'der.s because
we had not sufficient water. In addition to rooting our product is useii for side-

walks and the foundations of houses. [t does not crack or shi'ink, and it is tire-

proof. The tar will burn a little, but that forms as a crust ; it is a non-conductor.
At our milk we employ sometimes as many as 16 or 17 teams. Five men are

employed in the mill, and at other times the same men work in the mine. We pay
SI. 25 a day to men, and $2.50 for teams. The duty entering the States is 10 per
cent, because it is not a fiuished article ; that amounts to about $1.50 a ton. The
raw material costs us about $3 a ton.

Joseph James—I am in partnershiji with Mr. Taylor in the actinolite

business, which is now in liquidation. The capital invested is about @ 17,000 Roofing ma-

or 818,000. Mr, Taylor's share is about $3,000. The cement we manufacture *^"'''-

is made for roofing. It is altogether different from any other kind of

cement ; it is the only one using actinolite or fiber to make the bond
;

the others use mica for that purpose. We also grind cement in which mica
is used as a further bond, and I think this is an improvement. As the

trade get it, it is ground to about 60-mesh ; it is mixed with coal tar and pitch,

and sometimes asphalt, according to the quality of the roofing desired. It is spread
on the roof while hot, the total thickness including the felt on which it is spread
being half an inch. This rooting never gets hard ; it remains elastic, aud will

bend to a limited extent without cracking. Our patent covers the use of actinolite

with coal tar or its chemical equivalent. The process of laying it is not a patent,

onlj' the materials. The c<.st is about the same as a good gravel roof, and it is

more durable and better in every respect. The coal tar or pitch is hermetically
sealed in the material, and cannot pobsibly evaporate or dry up. The sun or the
frost will not affect it. It is as fireproof as a roof can be ; more so than any metal
roof. Insurance companies take it as a first class roof. It has another advantage
over metal roofs besides being much less expensive ; it is not affected bj' coal gas
in cities, as is the case with metal roofs, particularly in foggy weather. The pro-

portion in mixing is 11 gallons of coal tar or its equivalent to^lOO pounds of actin-

olite. It is infusible ; it can be softened by heat, but cannot burn. I grind some
mica for the Grand Trunk to use as a lubricator. The first cement was made here
in June, 1883, since that time there has been turned out about 50,000 bags of

1 00 lb. each. Last year was our smallest a ear's business, owing t > trouble among
ourselves. It is now four years since any endeavor was made to extend the busi-

ness, but I think it is capable of being extended largely. Our princiijal markets
are Montreal, Chicago and Detroit. 1 am satisfied with Taylor's pulveriser : I

don't know of anything to beat it. I can jDut through 25 tons a day of ordinary
rock, 12 hours work and 2,300 revolutions to the minute. It will grind 20 tons of

phosphate in ten hours. Working easily it will do about li tons of the actinolite

an hour. I would recommend it as the best grinder I know. I have seen it

grinding bones in the Montreal abattoir. It will do about the same amount of

(quartz as of phosphate. The vein on lot 7 in the 1st concession of Kaladar is 10
or 12 inches wide on the surface. We have gone down 23 feet, and it is about from
2 V to 4 feet wide. I think it is a vein there, because I never found it in any place
else to that depth. Our material costs us from $1 to $5 a ton.

E. B. Fralick—I am interested in the slate property on the north-west corner
of lot 5 in the 6th concessicm of Madoc, being about five acres in extent. The Slate,

slate is of a grey color and is like the Scotch and Welsh slate. The cleavage
is very superior and its strength very great. As far as we got, it was too hard to

niHke roofing slate to pay. We were above what is called the waterline ; to get
good slate we would have to go belovv the action of the air and weather. We Avent
down about 40 feet. It would cleave to the thickness of roofing slate, but not so
thin as ihe Rockland slate in the province of Quebec; but ours would stand a test

as io strength better than the Rockland. We made some into flags, and these
stand the weather well without scaling on exposure. 1 think the whole band
could be used in the manu''acture of flagging, mantels, etc. The color is a very

I
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nice grey and is uniform. We have not tried to polish it. We could get cubes as

large as 12 or 14 feet long by 2 wide. We could get ordinary flagging slate 4 by 2t.

The extent of our quarry is about five acres. We have not organised a joint stock

cotni)any, but we began work in June, 1880, and expended from ^500 to ^70U a

month till the c dd weather about the middle of November. We expended about

36,500 upon the work. The opening must be 45 feet long by 30 or 40 feet « ide, and
about 35 feet deep. Our stone was valuable for iiagging from the very top. We found
a market, but could not get machinery to cut our blocks into the proper shape. The
mistake we made was making roofing slate, of which we made considerable quan-
tities. We thought we could control the whole of the marlcet of western Ontario for

roofing slate ; but we could not make proper roofing slate if we had the orders, as

we were not far enough down to get the proper slate. Had we begun by making
flagging we could have got a market in Canada. The duty going into the States is

^15 a ton, and therefore too high to allow of a market being found there.
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CHARCOAL.

The Commission visited the charcoal ovens of the Rathbun company

at Deseronto. These are constructed on the ordinary beehive pattern, with

some modification in the flue arrangement, and they manufacture several

bye-products as well as charcoal. The ovens are eight in number, each

holding 50 to 55 cords of wood, and the yield per cord is stated to be 50

bushels of charcoal, 8,000 to 10,000 cubic feet of gas and 4 barrels of liquid.

The liquid is used in the manufacture of wood alcohol, acetate of lime, su^ar

of lead, dyeing material, etc. The works produced last year 75,000 bushels

of charcoal. The charcoal producing district of Essex was not visited, but it

is understood that the coal made there is used nearly altogether by the Detroit

smelting furnaces.

COPPER AND NICKEL.

The only copper locations visited by the Commission were in the Hnron-

ian formation, occurring either in quartz veins, as at Bruce Mines and Echo

lake, or in large deposits and in strong belts like iron ranges, as in the

vicinity of Sudbury. The occurrences at Michipicoten and JMamainse in the

copper bearing series were not visited, and reference must be made to the

evidence for information concerning these.

In the neighborhood of Sudbury, on the line of the Canadian Pacific rail-

way, very important developments have recently been made to the north-east

and south-west of that town, stretching into and beyond Denison township. The

rocks as a rule consist of quartzites, chloritic, hornblendic and talcose schists

and diorites, both coarse and fine grained, the diorites and schists being especi-

ally prevalent about Sudbury. The copper occurs in a highly pyroxenic

diorite belt, and, as a rule, associated with nickeliferous pyrrhotite, the average

composition of the ore being from 3 to 7 per cent, of copper pyrites, 2J to S^

per cent, nickel, about 63 per cent, pyrrhotite, and 30 per cent. rock. The

ore occurs irregularly in large lenses, dipping south-east, and is also found dis-

seminated through the diorite, with which it has undoubtedly been brought

up. The belts can be traced for a long distance through the country, and

the ore bodies occur at uncertain intervals. The ore deposits are dis-

tinguishable by the red color given to the soil by the decomposed ferruginous

matter. The oie is hard, and the ore-lenses as a rule form hills or mounds.

Examples are seen (as at the Vermilion copper shaft) where chalcopyrite
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forms veins and masses, with breccia of diorite, and associated with which

native copper has lieen found in leaf form. It is possible that this rich copper

ore is due to a secondary action, and has leached or segregated out from the

diorite. Free gold has also been found with the diorite in which the copper

occurs.

As this district has recently been receiving more notice than any other

mining region of the province, it may be of public interest to give a few

notes of some of the principal deposits which are now being opened up.

The copper in shaft No. 1 of Vermilion mine, Denison township, occurs

in a diovitic copper-carrying band running east and west. At the vermilion mine.

point where the shaft has been sunk the rock is highly pyroxenic

and with quartz stringers. Free gold is visible in places. The diorite

carries copper pyrites disseminated through it, but here a fissure has

formed (to what extent not yet determined) running in a north-east and

south-west direction, and dipping 65" to the south-east. This is filled with

a mass of rich copper pyrites, the surface of which is coated with grey copper

sul[)hide somewhat decomposed and soft. Native copper is also found in fern-

like leaves in a thin flucan vein cutting in from the south-east and dipping at

a low angle to the north-west. Native copper also occurs in grains in crystal-

line hornblende rock, but in very small quantities. The copper ore occurs, as

before stated, in a pure mass surrounding rock masses and breccia in the vein,

and also in joints and cracks of the diorite, having apparently been separ-

ated out of the dioi'ite. Iron pyrites occurs, but not to any great extent,

and also some galena and nickeliferous pyrrhotite. The upper part of

the deposit has decomposed to a red gossan, which treated at the stamp

mill is said to yield gold and sperrylite, an alloy of platinum and other metals

of that group with arsenic. A stringer of quartz with copper pyrites runs

into the shaft from the north-west side, while on the south-east side of the

shaft the copper pyrites is fifteen to twenty feet across.

The outcrop of copper on the Krean location, lot 5 on the 5th concession of

Denison, is an example of the established copper belt which can be traced for Krean 'sioofttiou.

a long distance. The hill is stained and covered with red gossan from decom-

posed pyrites, extending for 50 yards across the strike of the belt, which

runs in an easterly and westerly direction. It consists of pyroxenic rock and

breccia of the same, cemented by copper pyrites and some quartz veins. The

pyroxene rock varies in texture from coarsely crystalline (sometimes with

fels[»ar) to a closely grained dioritic rock. A close-grained quartzite or fels-

pathic rock occurs on the north-west side of the deposit.

The Stobie mine is the property of the Canadian Copper company, and is

located in a co[)per belt which runs north-east and ^outh-west through the town- stobie mine,

ships of McKim and Blezard, cutting through the south-east corner of the

latter. The ore occurs in a highly pyroxenic diorite, similiar to that seen

with the copper in Denison township, in great masses of solid ore and dissem-

inated through the diorite. It consists of a mass of nickeliferous pyrrhotite

carrying copper pyrites. An open cut has been run north rC west fort^jr feet
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across ; the bottom is filled with water, but the end is solid ore, as are also

the exposed sides. A hill rises some 75 feet on the west side, from which ore

is being quarried. A level has been run north 70"^ west for 60 feet into this

hill, and on the north side of the level ore is exposed all the way. On the

south t-ide of this level rock was seen for 24 feet,

coming in at about 10 feet from the entrance.

There is therefore more than 100 feet chiefly of

ore exposed across the strike, dipping 45*^ to north-

west. See Fig. 5. It is reported to carry 3| per

cent, nickel, 3 per cent, copper, 40 per cent, iron,

25 per cent, sulphur, and 28.5 per cent, rock mat-

ter, or in other words 71| per cent, metal and

284 per cent. rock. It was stated in evidence that a shipment to London

and New York was dressed up to 7 per cent, copper and contained 3 per

cent, nickel.

Copper-cliflf mine, also the property of the Canadian Copper company, lies to

the south-west of Sudbury, and is therefore probably on the same copper belt

as the Stobie mine. The ore and rock mass form a ferruginous colored hill,

on the southerly side of which a large amount of ore has been excavated,

and a shaft has been sunk at 45° to the north to a depth of 312 feet.*

At each 100 feet levels have been run east and west, the greater mass of ore

being found towards the east. Cross-cuts have been driven at frequent inter-

vals, in one case running into quartzite to the north. Some of the levels are

run in the rock, but a great deal of ore has been opened up, occuring in shoots

or irregular masses. The composition of the ore is the same as that of the

Stobie, with the exception that there is more of a crystalline pyrrhotite which

is said to run higher in nickel than the average. It is broken with a Blake

crusher and then hand-picked. The country rock to the south-east of the

pyroxenic diorite band is a chloritic shale, with brecciated masses and segre-

gated crystals occuring in places through it.

The Evans mine, which is also the property of the Canadian Copper com-

pany, lies a little west of south from Copper-cliff, and about one mil" distant

from it. K ferruginous mound, but of smaller dimensions than the others'

marks its location. A diamond drill was put down a depth of 130 feet in

ore all the way, and a shaft had been sunk 85 feet at the tiin-! of our visit.

Here and there the diorite comes in, dipping south-east across the shaft, but

for the most part the shaft pusses through solid ore. The sijaft i.s 12 by 7

feet inside measurement. A very good ore-bouse for crusher, screens and ore-

pockets has been erected over it. The ore is similar to that of the Stobie

and Copper-cliff mines, being a nickeliferous pynhotite and occurring in like

manner. It may be distinguished fiom that of the other mines, however, in

that it has a spotted appearance, due to che regular dispersion of thf* different

minerals, but the ores of all three mines are apparently of a nearly

uniform richness. The dioritic rock alongside the ore boiies contains

* On the 1st of June, 1889, the shaft had reached a depth of 435 feet.
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pyrites spotted through it, as is the case also for the most part with the

diorite similarly situated in the other mines.

At the Wallace mine location on the north shore of lake Huron, a short

distance west of the mouth of Whitefish river, the strike of the rocks is a little wtiou
north of east and south of west. The location, known as Montalba, consists

of 1,600 acres. The rocks are quartzose shales and diorites, varying in places

from close-grained and compact to shaly. Some copper pyrites and nickel"

ifeious arsenical pyrites occur in the diorite, and in the quartz stringers in it.

Two shafts were sunk many years ago at some 50 yards apart in the diorite.

Both were filled with water, and there is no evidence among the dump piles

of any ore of value. About half a mile to the west on the same property,

around a point of land, another shaft has been sunk in chloritic schists and

diorite. Some particles of copper pyrites are to be .^een in the rock at the

dump, but otherwise no sign of vein or vein matter or ore of any value. It

may be said that at the places visited by us on this property there appeared to

be small masses of copper pyrites and iron pyrites, and in one place some

nickeliferous and arsenical iron pyrites in a quartz stringer in dioritic rocks^

chloritic schist, and to a less extent in quartzite, but we were unable to

detect any satisfactory sign of a permanent vein, or of segregated masses of

mineral matter, although such veins are described in Logan's Geology of

1863. Either information given by interested parties was published in the

report, or we did not visit the right localities.

The quartz veins carrying copper ore which occur in the Huronian forma-

tion are well illustrated at Bruce Mines, where strong ones occur in the Bruce and

greenstone or diorite. These veins are fully reported on in Sir William mfnw!^
°^

Logan's report of 1849, from which the plan of the lodes is taken. (Fig. 6.)

The veins are 6 to 20 feet wide,

and near the crusher mill an

open cut in the vein shows a

width of 15 feet. It is said

they can be traced 2^ miles on

the surface, and that they do

not diminish in width at the

lowest point reached, about

440 feet. They carry 4J per

cent, of yellow copper pyrites,

and a very little iron pyrites.

The property is variously

reported to have yielded

$2,500,000 to $7,000,000 worth of copper. Important evidence relating^

to the history of the Bruce and Wellington mines has been procured by

the Commission.

Another example of a quartz vein carrying copper is seen at Echo lake,

on the property of the Austin mining company. A strong vein 9 feet wide

fRE-NCH
ISLANDS

t"i«. b.— Map of the Bruce Mines region.

R



92

Austin mine.

Copper mining
im the Lake
Superior and
Lake Huron
diatricti.

Early and un-
euccessful ven-
tures of an
English com-
pany.

runs north and south between chloritic schists

on the west side and quartzite on the east

side, the latter of which is replaced by a band

of felspatliic diorite. It would appear as if

the vein hud been formed in a large fault.

A tunnel about 6 feet across and 7 feet high

has b;en diiven upon the north and south

vein, the walls of which appear to be well

defineil. Another vein on the same pro-

perty is seen striking east and west, although

^Captain Williams thinks that the north and

south has in leality twisted to the west. At

the junction of the two veins, or at the

greatest angle of deflection if twisted, a shaft

§.- -., has been sunk

Fig. 7. Map of Austin mine looation.

Fig. S. Contour of Austin mine location.

Chloritic shales. C. Quartzite.

The matter on ohe dump
of this shaft is chiefly quartz vein I'ock

without mineral, but tlien^ are some 20

or 30 tons of ore which could be stamped

carrying yellow copper and iron pyrites.

Several other small exploratory shafts

have also been sunk upon the vein or

veins. Figures 7 and 8 are plan and section of this pi'operty, furnished by

Mr. George F. Austin, C.E.

E. B. Borron—T am stipendiary magistrate for northern Nipissing. My pro-

fession lU'oper is miuing. I had fourteen years exi^erience in Scotland, and sinCe

1850, when I came to America, I have been mostly engaged in mining and explur-

ing. In 1852 I went to the Bruce mines as general manager, and was there till the

latter end of l'^57 ; I then returned to Scotland to take the management of the

mines at Leadhills, with which I had been connected before. 'J here 1 remained
till the mines were sold, shortly after which I returned to Canada (in 18G2) and
spent some time in exploring on the north shore of lake Huron. I was appointed
mining inspector for the Lake Superior mining division under the General Mining
Act of 1809. and retained that position till 187^, when I resigned. From 1874 till

1878 I represented the district of Algoma in the Dominion Hwuse of Commons,
declining renomination in 1878. 1 was appointed stipendiar}^ magistrate for

northern Nipissing in 1879, since which I have been employed in the summer
season chiefly in the exploration of that region, better known as the disputed
territory. It would appear from what are called Indian diggings that the existence

of native copper on both shores of lake Superior must have been known to some of

the inhabitants of this continent in very remote times. The only localities where
these diggings have been found on tlie north shore are, so far a% I know, at cape
Mamainse and upon isle Royal. Although the occurence of native copper on both
sides of Like Superior was mentioned a century before in the narrat'ons of the

Jesuit missionarier., it was not till tlie year 1770 that we hear of any active mining
operations by European*. We learn that some three ytars before that date one
Alexander Henry, an Englishman, engaged in trading with the Indians, had passed
the winter on Michipicoten island and reported the existence of lead at Mamainse
and of the grey ore of copper at that and various other places. In the year follow-

ing, 1708, Captain Carver hazarded the prediction that "in future times an advan-
tageous trade in co^^per will spring up." So far, taking in both shores, the gallant

captain was a prophet ; but in view of tlie magniticent canal and locks since

completed, how primitive were his notions as to the best way of accomplishing this !

For he goes on to say, " The metal will be conveyed in canoes through the falls of

Ste. Marie, and thence in larger ve.'^sels to tha falls of ISiagara, and after being
carried by land across the portage will ea-il}' be transported to Quebec." In 1770
Henry formed a company, in which the Duke of Gloucester and other promineu
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Englishmen weiv partners, to work mines on lake Superior. They had a shipyard,

it is said, at Point aux Fines, a*H)ut six miles aUove 8te. Marie, wliere tliey I'uilt a

sloop ot forty ton-. A party of miner- were in the first instance sent to Ontonagon
river on the south shore, wlierc it would seem to liave met with no success. The
f 'rce was then transferred to the north shore, somewhere it is thought about Poiute

aux Mines (U- Mica biy. Here tliey sank thirty feet in tlie solid rock, but the vein,

whicli at the surface was four feet in breadth, had, it is said, contracted in the

bottom of the shaft to four inches, aiul under these discouraging circumstances

further mining operations were abandoned. In one narrative it is stated that the

shaft caved in and killed some of the miners, and that this, together with the

dithculty and expense of transiiorting supi)lies, led to the abandonment of the

enterprise. From other sources we learn that the drift svhicli tlie miners were

driving in soft ground caved in, owing to their neglecting to timber it properly. It

is nnliktly that such an accident would occur to a sliaft sunk in the solid rock and
not mm-e than thirty feet deep. This circumstance, taken in conjunction with the

fact that many other veins j^resenting a goinl appearance at the surface, in that

section of the country, iiave subsequently been found to fail and become woi t'dess

at a comparatively shallow depth, leads me to think that the tirst account is the

true one. Henry remarks that it was partly in hopes of finding silver in sutticient

abundance to make the .speculation profitable that the works were connnenced. To
Dr. D.'Uglas llouirhton, state geologist of Michigan, belongs the merit of lieing the Exploration of

first to exphn-e. and in his report for 1841 to mike known the le '.ding features of the
Iyi|^.^|]g"n

region on th^' south side of lake Superior, and to give reliable and definite infor-

mation with regard to tlie rich deposits of native ctjpper. With the enterprise so

strongly characteristic of our neighbors, no sooner had the Indian title been
extinguished (1843), than a vast, number of app^cations were made for tracts of

mineral land, and the work for both exploration and develojjment was cirried on
wit • great vigor, and in some instances with remarkable success. From the year

177-3 till 1815 no mining whatever was done, as far as i know, on either the nortli

shore of lake Superior or lake Huron. About the latter date, liowever, tlie atten-

tion of Cana'iiaus having been aroused bv the richne.ss of some of the veins ,, , •

T 1 ..1 ;.T 1 XT 1 i. r -i.! i-u ' . MoiitTeal miniu
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discovered on the south shore, they began to form companies with the view or company.
exploring for and working the mineral deposits on tlie north shore, whicli it was
thought might prove as rich as those on the American side. Among others was
the Mon'^real mining company. The first steps towards the organisation of tliis

enterp)rising company were taken, I believe, in 184'), for I find on reference to a

few rough notes taken fr.:»m the annual reports tliat Mr. Forrest Slie})pard left

Montreal with a small l>arty on May 2nd, 1840, for lake Superior to exjilure for ami
locate mineral land for the cmipany. This was followed by another and lager partj-

on the 8th of tliat month. The whole, when ultimately assembled on lake Superior,
numbered between eighty and ninety jiersons, and were under the charge of ]\Ir.

Shep)pard, who had been highly recommended as well qualified for tlie posiuon.
The coast from Sault Ste. Marie to Pigeon river, upwards of 500 miles in length,

was surveyed and more or less carefully explored. That the company were very
sanguine as to the importance of the results of this costly expedition, and the great
value of the mineral tracts thus acriuired by them, is evident from the first annual E>^pl^^"".? »tie

1 '^
. . north snor6 or

report of tlij trustees, wherein the north shore is described as a "region abounding lake Superior.

in mineral treasures re((uiring only tlie hand of the miner to convert it into a source
of perhaps inexhaustible wealth.' Mr. Sheppard selected eighteen tracts, or

mining locations, as we call them. Each tract was, in terms of the Ciown Lands
regulations of that day. five miles bi depth by two in width, and contained ten
square miles o*^ land. These, with one or two exceptions, were all obtained from
the Government. The price then charged was, 1 believe, £150 Halifax currency
paid down for each location, and 4s. or 80 cents an acre, payable by instalments. I

think, howevei', that the company obtained their land for 20 cents an acre. In 1847 The company

the company's operations were confined to a re-e.\aniinition of the locations on lake 'i>*^HH''ointed.

Superior and to testing the veins upon several of them, in addition to which the
coast of lake Huron was ex])lored from Sault Ste. ^larie to Lacloche, and several

other mining locaticms applied for. which, however, were subset[uently .vbandoned.
The company was greatly disappointed with the results of both tiie re-exaniination
and the work done on their lake Superi<n' locations. They had failed to realise the
hopes raised by tlie explorations of the previous season, and the directors naturally,
but somewliat hastily, as it appears to me, blamed Mr. Sheppard for his selection,

and the men who were employed to test the veins on the l<ications for their sup-

I)03ed incompetence. In justice to Mr. Sheppard it is only right to mention that
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twenty-one years later the celebrated Silver Islet vein was found to be include

within the limits of one of the locations selected by him, and for aught we know
other veins quite as valuable may be found in other locations. It was in this year

that rich copper veins were discovered on what were afterwards known as the Bruce
Mines and Copper Bay locations. The Montreal company, by the advice of their

manager, Captain Roberts, an experienced miner who had been brought out from
the United Kingdom, purchased the Bruce Mines location. So strongly was
Captain Roberts convinced of its value that he recommended the directors to pay
as much as £100,000 sterling if it could not be obtained for a smaller sum. The
amount actually paid was, I believe, about £40,000 Halifax currency. The com-
pany had previous to this completed its organisation and obtained a charter, but

after the purchase of this property the stock was raised from 40.000 to 60,000 shares

of £5 currency each, and the whole energies and means of the company were there-

a,fter concentrated on the Bruce mines. In the three following years, 1848-49-50,

work at the mines, both underground and upon the surface, was prosecuted with

great vigor. Dwelling houses sufficient to accommodate several hundred persons,

with offices, stores, warehouses, wharves, etc., suitable for mining on a very exten-

sive scale, were built; a powerful engine and ore dressing machinery put in place, and
lai'ge copper-smelting and refining works erected. Shafts had been sunk, levels

driven, and a large (quantity of ground stoped, the ore or produce of which was for

the most part lying at the surface at midsummer, 1850. A great sum of money had
been spent and no returns as yet obtained in a tangible form or shape from the

mine. The ore, estimated to cntain 6? per cent, copper as it came from the mine,

owing to the expense of transport, was not marketable until dressed or separated

from a portion at least of the rock with which it was intermixed. In order to do
this a powerful engine and suitable machinery were necessary. These had arrived

at the mines from England, together with an engineering expert, in the fall of 1848.

This man very imprudently built an engine house of rough or imperfectly hewn
stone in the winter, and before spring most of the machinerj^ was in place. The
consequence was that as soon as the spring thaw set in this large and costly building

fell down. This misfortune, and a fevere visitation of cholera in 1849, delayed the

completion of the ore dressing machinery and the possibility of obtaining returns

until the suunner of 1850. The company had now arrved at what may be regarded
as the most critical period of its existence. The stockholders had been led to believe

that the veins were extraordinarily rich, and that there was sufficient rough ore

already mined and at the surface to yield when cleaned some 5,00i) tons of dresscii

ore, worth at least 8200,000 or S2a0,000 net. The opinions estimates and reports

upon which these sanguine beliefs rested were, now that both the ore dressing

machinery and smelting works had been completed, to be tested by practical results.

In order that nothing might be wanting to ensure succl-s-s, the president of the com-
pany, the late Hon. James Ferrier, went to England and brought out a mining
captain, a copper refiner and three furnace men. He also selected a L^entleman for

manager so highly recommended that the board of directors made an agreement
with him for five years. Notwithstanding all these precautions the re=>ult of the

following year's operations were a sad disappointment to all concerned. The ore

dressing machinery was found to be incapable of crushing and cleaning properly
more than one-half the quantity of ore the engineers had said it would do. The ore

on the surface was found to yield when dressed little mure than half the quantity
and value that it had been estimated at, and the smelting of the ore by the ^Velsh

process had proved a complete failure. Under these circumstances the anger of the
unfortunate stockholders would seem to have fallen on their officers, all of whom
either resigned or were dismissed the following year, 1851. In 1852 I was mj-self

appointed manager of the Bruce mines. The mining captains still continued to

report thit the stopes were producing from two to three and in some instances four
tons of 15 per cent, copper ore per fathom. Careful comparison of the total

quantity of ground stoped or otherwise excavated, with the number of cons of

dressed or marketable ore acttially obtained therefrom, convinced me that the veins
had not upon an average yielded more than one and a half tons of 1-5 per cent,

copper ore per fathom. Hitherto the miners had worked under what is known in

Cornwall as the " tut-work " system. <.'nder this system they are paid according
to the quantity of ground cut, but have no interest whatever in the ore. The other
system is that under which the miners are paid so mtich a ton of tlie dressed ore.

In Cornwall it is called working on tribute, and the systetu under other names and
with modifications is adopted in many mines elsewhere. The " tributer " is deeply
concerned in the richness of the veins : and while it is his interest in common with



Uo

his employer to avoid all waste of ore, it is not his interest unnecessarily to excavate
or stope awaj^ the wall rock or barren and unproductive portions of the vein. This
system 1 determined, if possible, to introduce. The miners were accordingly
offered prices which would have enabled them to have earned considerably higher
wages than under the former or tut-work system if the estimates and reports of the
mining captains in reference to the productiveness of the various stopes or pitches
had not been excessive. All except a tew refused to take bargains on the terms
offered, and manj^ left the mine rather than do so, most of them asserting that the
estimates in question were too sanguine, if not greatly exaggerated. Some twenty
miners, however, consented to take contracts in the richer portions of the veins
under a modified form of the tribute system, at prices based upon our own estimates.
By thus reducing the mining expenditure within narrow and safe limits, and at the
same time keepmg the ore dressing machinery fully employed cleaning up the poor
ores and waste, of which there was a consideirble quantity, especially in the form of

skimpings or skimmings thrown off in the process of jigging, it appeared to me quite
feasible to make returns which would for several years at least exceed the ex^jen-

diture. This policj' 1 concluded to carry out with the approbation of the president,
then Mr. Hugh Allan, hop ug that in the meantime some improvement in the mine,
increase in the price of copper, or reduction in the cost of producing and transport-

in,' the ores to market, might enable us to render a favorable balance permanent.
Expectations were so far realised that in 1853 the directors felr, justified in declar- economical*"
ing a sm ill dividend, followed by a larger one in 1854. In this the board, as after- method.

wards appeared, acted precipitately, being moved thereto rather by what was hoped
for and expected than by what had been really accomplished. I was myself sanguine
that the returns in these first years of my management would exceed
the expenditure, and although 1 did not advise that step, my reports
ma unintentionally hdve led in some measure to its being taken. In
1853 and 1854 the price of copper was exceedingly high, and I was strongly
urged by the president to increase the output of the mine to its utmost
capacity. To do this we were obliged to resort to the tut-v/ork system
again, as a limited number of naineis only were willing to work on tribute.

The resnlt was again most unsatisfactory, and a serious loss was sustained in 1854 A reverse of

and 1855. This loss was owing to the necessity we were uniler of working the poorer fortune,

stopes, and to the very high wages we were obliged to pay both miners and laborers
in consequence of the demand for men not only at the mines on the south shore
of lake Superior but at Sault Ste. Marie, where the canal was at that time under
construction. It was however greatly a^'gravated Vjy the total loss of the company's
steamer late in the fall of 1*^54, with nearly all the materials and machineiy required
for mining and ore dressing operations during the winter—a loss which could not be
fully replact-d b,-efore the fnllowine summer. It may be proper to mention tliat in

1853 i began to fear that the veins were becoming poorer, and that if they fell off

generally as much as they had done in several of the deeper shafts they would soon
become uuvrorkable. These opinions were represented to the president, and I urged
him rep-^atedly in the interest of the stockholders to sell the mine if anything like

a reasonable offer could be obtained for it. Tiiis at length he attempted to do, but
the price asked was so high that no one would even look at it. It was perhaps in
anticipation of being placed in a better position to dispose of the mines on good
terms that the president was led to advise the payment of a dividend in 1854. In J^^

property

the summer of 1855 the tribute system was again adopted and the mining operations the West
on a limited scale were thus carried on without much loss I think till about 1864 or Canada

lb65, when the whole location was sold to the We.st Canada mining company, who °o™P^"y-

had for ten years rented the western portion of it. In 1870 the !\iontreai company
J(Jj^ri^ny s'e^i's

sold the whole <>f their immense lake Superior property, inclusive •)f Silver islet, its lake Superior

This unlucky sale was, I believe, brought about partly in the fear that the silver ore, property,

of the existence of which they were fully aware, was a superficial or surface show
only and would not go down to any considerable depth, and partly in the belief

that situated as the vein was below the water of lake S .perior it would be e.'vceed-

ingly difficult if not impos-^ible to work it, and that at any rate a large sum would
have to be raised and expended and might possibly be lost ; in addition to which
they were threatened with law suits in regard to their title. Still if the patience
and the means of the company had not been exhausted by twenty j-ears of unsuc-
cessful etibrt at Bruce Mines they would undoubtedly I think have retained and
worked Silver islet and been, if the reports of the working of that mine are to be
credited, amply compensate d for their previous losses and disappointments. In view silver i»let.

of the fact that its directorate has included many of the shrewdest and most upright



96

Cavises of failure.

Deterioration
of the veins

below the
surface.

The Wellinsfton
mine.

The West
Canada minina
company.

and honorable merchants and professional men in the city of Montreal, and that

its officers have been men of at least average intelligence and experience, results so

disastrous to the stockholders and discouraging to others call for explanation.

There are several reasons why, in my opinion, the Bruce mines failed to realise the

sanguine expectations of the company. The veins on the surface were large and
show}^, containing more or less of the rich grey and purple ores of copper in additiun

to the common yellow ore. The gangue of the veins throughout which the ore was
distributed was a pure white quartz, and the whole doubtless presented a veiy fine

appearance. Captain Roberts on first seeing the location reported as follows :

'' This vast deposit of copper ore at the outcrop of the veins is incalculable ami
almost unparalleled. It exceeds anything I have seen or heard of in Europe."
Whether from a failure in the richness or in the quantity of the ore, or in both, we
find that Captain Roberts one year later had modified or changed his opinions.

There is no doubt that the rich grey and horseflesh ores gave place to the poorer

yellow ore at a % ery insignificant depth, and it is probable even that in this short

time the veins in some of the stopes had become less productive. A very careful

examination of the mine by the late Sir William Logan at this time (1848) went to

show however that the veins were still so rich that on the assumption that there

was no further falling off in their productiveness, and that all the copper could be
obtained in a marketable condition, a large profit might in his opinion still be
realised from the mines. But it was in these very assumptions that the chief

obstacles to the realisation of the profit lay. So intimately blended was the ore

with the matrix of the veins, and so inconsiderable the difference of specific gravity,

that by no ore-dressing machinery or jirocess of separation by water then known
was it practicable to obtain in a marketable state anything like all the copper
contained in the rough ore or vein stuft' as brought from the mine. In att m])tin^

to dress the ore to yield 15 per ce t. of copper or upwards, not less than two-fifths

of it I believe was lost in the deads or skimmings and in the slimes. Again as

regards t!ie deterioration of the veins, there can be no question whatever tint they
became poorer and less productive in depth, and that at a relatively shallow depth
as compared with veins in other mining countries they ran out or became so poor
as to be no longer worth following. Very little work has really been done below
the 3')-fathom level and the deepest shaft at the Bruce mines was only about 50
fathoms. Thus without attributing to the managers and other officers of the

company either incompetence or deliberate misrepresentation, we find in these two
facts, namely, (1) the failure of the veins or lodes in depth, and (2) the impossi-

bility of obtaining in a marketable form much more than thx'oe-fifths of the copper
actually cont:iined in the veins, .'-ufficient explanation of the almost unbruken
succession o over-sanguine reports and estimates on the one hand and of disappointed

hopes and expectations on the other. In 1853 Mr. Sampson Vivian, a miner of

Cornwall, England, who had spent some years in the United States, obtained from
the .Montreal mining company at a roj'alty of one-twentieth of the dressed ore a

fourteen years lease of the western part of the Bruce Min s location. Several veins

had already been discovered, and some little mining done by the Montreal company,
but the ore produced being poorer than that got in the eastern part of the location

they had not been worked for several years. It was doubtless under the impression

th it the Bruce mines had been so named in honor of the Scottish patriot, instead

of the Earl of Elgin, at that time Governor-General of Canada, that Captain
Vivian called his mine the Wellington mine. The ensuing year the lease was
assigned to an English company which he had succeeded in forming. Ic assumed
the name of the West Canada mining company, and the general management was
entrusted to the well known firm of John Taylor & Sons, of London. Had the
companys oj)erations been confined to the lodes or veins of the existence of which
they were aware when they commenced, I am persuaded that they would soon have
abandoned the enterprise. It was not very long after they had started, however,
when a teamster, named George Clarke I think, in searchini; for strayed cattle

accidentally stumbled "n a vein pres'iously unknown. A rece t brish fire had
burned off the moss and vegetable matter, and left the lode exposed at one or two
points where it had previously been hidden from view. When uncovered or stripped,

this vein and another with which it formed a junction some distance from where it

was first discovered pro\ed not only to be much larger and richer than tliose the

company wore then working, but far better than those at the Bruce mines which
the Montreal company ha I retained in their own hands. As the uncovering of th»

veins was proceeded with it became evident to the managers of the West Canada mining
company that they would, if they kept their coarse, cross the western boundary.
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They, accordingly, very judiciously secured a lease of the adjoining Huron Copper-
bay location. I can onlj' say generally in regard to this enterprising company's The Copper-bay

operations that they were, so far as I had an op^jortunity of judging, carried on in a location

minerlike manner ; such engines, machinery and ore-dressing apparatus as the

large experience of the London managers suggested as being calculated to ensure
successful results were sent out and erected at the mines. So great were the
difficulties, and so heavy was the cost of starting and opening up the mines, that

notwitlistanding the richness of the veins no dividends were, I believe, declared for

the tirst six or seven years. In the next seven years, however, under the energetic

and judicious management of their local agents, Mr. James Bennett and Captain
William Plummer, several dividends amounting in the aggregate to a large sum
were paid to the shareholders. In view of the early termination of their lease of

the Wellington mine the company in 1864 or 1865 purchased tHe wh>le location,

inclmiing the Bruce mines, from the Montreal mining comjiany. The same diffi-

culties which had been found insurmountable by the Montreal mining company and
its managers, and under which thej'^ had been obliged to succumb, together with
lower prices for copper, began to tell with increasing severity on the West Canada
company ; and in 1867 or 1868 it would appear that the results had not been
satisfactory, for at that period Mr. John Taylor, jr., of London, was sent out to

examine and report on the property. He spent six weeks at the mines and his

report, which was rendered on the 12th of September, 1868, is remarkable not
merely for its ability, but for its general fairness. Mr. Taylor clearly apprehended
the chief obstacles to the profitable working of the mines when he says :

" It is
^^^fi?f|fie*°

evident that the three main points you have now to contend with are, (I) the very working,

heavy cost of dressing
; (2) the great loss of copper under the present system of

washing ; and (3) the high rate of freight from the mines home to England." He
made two sugestions calculated in his opinion to reduce the expenses and economise
the waste of copper. These were, (1) to smelt the ore on the spot, (2) to reduce
the copper by what is commonly known as the salt process. Qe himself favored
smelting, but as in both the copper would be obtained in a metallic state, he esti-

mated the saving in the item of freight alone would not be less than £7,000 or
£8,003 sterling per annum. In addition, however, to the three points specially

mentioned, another circumstance only slightly alluded to in Mr. Taylor's report
must have begun before this time to exercise an adverse influence on the
returns from the mine. Xo one who saw the size or richness of the veins at or
near the surface in 1855-56 could fail to perceive, on perusing that part of tiie report
which describes their appearance in the bottom of the various shafts and stopes in

1868, that thei'e had been a great falling ofl^ both in the size and the richness of the
veins at the depth of 40 or 50 fathoms. Mining operations continued to be carried
on till 1876, when in consequence I presume of the continued unsatisfactory results

work was suspended and has not since been resumed. During the mining excite-

ment of 1846-47 a number of other locations were taken up on the north shore of

lake Huron. Among them there was one near the mouth of the Whitefish river on
which at least one shaft had been sunk to the depth of 10 or 15 fathoms, so far as
I could judge from the quantity of stuff produced, for I did not see it when open.
It was known as the Wallace mine, and owned by the fpper Canada mining com- The Wallace
pany. The vein contained copper pyrites and ore of nickel, but not in sufficient mine,

quantity apparently to justify further expenditure. I am inclined to think this

company had a location on Michipicoten island, where considerable work was done
on a vein of native copper. Some mining was done at the Emerald mine on the The Emerald
Rankin location, near Sault Ste. Marie. The ore was the yellow ore of cojijier, and mine.

in such quantity that had it been solid, and not so dispersed throughout the gangue
of the vein, it would probably have received a more thorough trial. Several locations p'^^^j^!!^

*"*

were als > taken up by the late Mr. Killaly and others near Echo lake, on which there
were good sized veins. On two of these shatts were sunk, but which I think did
not exceed five fathoms. It was the yellow ore in a gangue of white quartz, but so
far as I can recollect it would not yield more than 2 per cent, of copper. Some
work was also done at the Begley mine on the north side of Batchawana bay,
where the yellow ore of copper was found in good quantity but of low grade. At
none of these mines, so far as knowii to me, was any copper dressed and sent to
market. The Quebec mining company was a bona fide Canadian comi)any. orgtuiised
about the same time as the Montreal mining company. The locations of this com- The Quebec
pany were all situated on the north shore of lake Superi >r, and on Michipicoten miuinor

island, at Point aux Mines or Mica bay. Misled by surface appearances, and to venu^and
«ay the least by the imprudent advice of their manager, they appear to have failur*.

(M. C.)
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location tested.

commenced operations with great sijirit, or rather recklessness ; a large-

number of substantial and comfortable dwellings for officers and men, and
other buildings such as storehouses, offices, blacksmiths' and carpenters' shops were
erected ; a good overshot water wheel and ore dressing machinery were also put
up ; and to complete all one or two copper smelting furnaces were built. From
the large force emj^loyed at the mine 1 should think that a good deal had been done
underground as well a-; on the surface, in the two or three years during which it

was worked. In the fall of 1S49 the mine was taken possession of for a short time
by the Indians, who were dissatisfied because a treaty had not been made with them
for the surrender of their rights ; but a treat}' was concluded in the following year,
and no further trouble was occasioned by them. About this time the company
trie 1 to sell the mine in England, and an expert was sent out to examine it. He
reported, I have been told, unfavorably. At all events the mine was not sold, and
in 1850 or 1851 operations were suspended and have not since been resumed. The
Quebec company must have expended raord than 8100,000, and I have heard that
only enough ore was got out to make three or four tons of copper. It is probable-
that there might be more or less poor ore that would not pay the expense of dressing
and smelting. Be this as it may, for I only speak from hearsay in regard to operations^
prior to 1852, the returns obtained from the mine were unquestionabl}' very small.

Some work was done, I believe, on Michipicoten island, but the result was not
Prince's Bay lo- encouraging and operations were abandoned there also. About the same time a

company called the British Xorth Ameiican, I think, di 1 some mining at Prince's
bay. The object of their search was also copper, but I was told by some of the-

miners who had worked there that it appeared to them more promising for silver

Point Mamainse than copper. It also was abandoned about the year 1850. I omitted to mention
that in 1856-57 the Montreal Mining Co., on my recommendation, made a cautious
trial of their location at point Mamainse, on the north shore of lake Superior. The
veins so far as discovered were neither large, regular, nor well defined, but the dis-

play of ore on the surface was tempting, consisting as it did of native copper, grey
and yellow ores of copper and galena or lead ore. In this last there was some
twelve ounces or more of siJ-ver to the ton, and native silver was found associated
with the native copper. As little as possible was spent on the surface, pending the
result of the contemplated mining operations. Considerable costeaning was done
and five shafts were sunk to depths varying from 14 to 60 feet on the most promis-
ing veins. From one shaft, which was sunk at a point where there had been an
Indian digging, about 1,400 lb. of native copper was obtained. The largest piece
weighed nearly 600 1b., the biggest mass that had been got on the north shore
up to that time, if not since. The vein, from the first small and without regular
walls, r;wi out almost entirely at the depth of 10 fathoms, and as it was costing nearly
^200 a fathom to sink the shaft it was stopped at that point. Three other shafts

were sunk on different veins on the same trap range as that which produced the
native copper, but only grey and yellow copper ores were got, and these not in suffi-

cient quantities to pay, even had there been ore dressing machinery on the spot.

The fifth shaft was on a native copper vein on another range of trap some 150 fathoms
to the east of that last mentioned—a strong bed of conglomerate being interposed
between them. It produced at first some nice pieces of native copper, but at 25
feet in depth the vein was barren of metal, although still ten inches in width and
carrymg good mineral soils and spars. The vein of silver-lead was too small to war-
rant the expense of sinking more than a few feet on it. In view of the company's
financial condition, and of the fact that a large .sum would be necessary to thoroughly
test the mine without assured profitable results, operations were suspended in 1857,
the amount thus expended being about ^5,000. I am under the impression that the
Silver Islet company have, since their acquisition of the Montreal Mining Co.'s

lake Superior property, done some work on this location, but with what results I am
unable to say. Two English companies have engaged in copper mining on the
north shore at a comparatively recent date. One of these properties is situated at

cape Mamainse, upon a location immediately adjoining that I have just described.

The other is on the island of Michipicoten. A large sum of money has been, I

believe, spent on both mines, but esfjecially upon that at Mamainse. The ship-

ments of copper have been relatively insignificant That the results have been
unsatisfactory, to the shareholders at least, may be inferred from the circumstance
that at both these mines operations have now been suspended. Of the copper mines
at Sudbury I am unable to say anything as I have not seen or examined them. This
history of copper mining on lakes Superior and Huron really includes all or nearlj'

all that has been done in the province. At least I am not aware of any other part

Mining at cape
Mamainse and
Micliipicoten
island.

Sudburv.
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of Ontario where copper mining has been carried on to any extent worth mention-

ing. That these enterprises have almost without exception resulted disastrously A histor>- of

cannot be denied, however conflicting may be the reasons given by different parties ^'^^ "'^^•

before the Comission. Nor can it be denied that it would have been very much
better for the stockholders in the various mines if the three million dollars worth

of copper obtained therefrom had still remained buried in the bowels of the earth,

and the four or five millions worth of gold or its equivalent expended in searching

for and mining this copper had remained in their pockets. Other parties may have

benefited, but the men, fcjr the most part Canadians, who furnished the capital

clearly have not. But should anyone infer from the uniformly disastrous results of

these premature mining operations that the mineral resources of Ontario so far as But no cause for

copper is concerned are unimportant, if not worthless, 1 must beg decidedly to differ
touragemen

from him. In the district of Algoma, from the mouth of French river on lake Huron
to Pigeon river on lake Superior, upwards of 400 miles in a straight line and nearly

double that distance following the sinuosities of the coast, and from thence north-

ward to the height of land, there is I believe no considerable area in which copper-

bearing rocks du not occur. All along the coast, wherever these rocks are exposed

to view, strings or veins cariying more or less copper may be found at short inter-

vals. East of Goulais bay the copper, so far as my experience enables me to speak,

is always found in the form of sulphurets, chiefly copper pyrites, commonly known
as the yellow ore. West of Goulais bay we find the same ores, together with more
or less native copper. On almost every considerable lake in the interior indications

of copper may be seen if the copper-bearing rocks on the shores be examined care-

fully, and not unfrequently good sized veins are met with which under more
favorable conditions would be considered if not rich at any rate worthy of trial.

Supposing this belt in which copper-bearing rocks at least predominate to be no Extent of the

more than 50 mUes wide, we have an area of 20,000 square miles of what may be copper-bearing

termed copper-bearing countrv^ in the district of Algoma alone. It is true that many '^o^ii'''7-

of the strings or veins are small and irregular, and contain so little copper as to be
unworthy of attention, that manj' in which the appearance at the surface is promis-

ing fail at a trifling depth, and that even those veins which have been the largest,

most regular and the richest in copper at and near the outcrop have fallen off greatly

both in size and regularity, as well as in the quantity and quality of the ore at a

depth of from two to three hundred feet. Nevertheless we are confronted by the

fact that a small strip of this copper-bearing country, two miles in length by about
half a mile in breadth, or one square mile ni all, has actually produced between
40,000 and 50,000 tons of dressed copper ore, worth in the English market between
two-and-a-half and three million dollars. Nor are the mines on this single section

of land, though of course poorer, by any means as yet nearly exhausted. It is not
pretended that deposits such as those at the Bruce mines, the Wellington mines and
at Sudbury are to be found everywhere in this mineral belt, nor in view of the probability of

extent and depth of the loose matei*ial under which the veins are in most parts further dfscove-

entirely hidden can it be expected that such discoveries will be of very frequent peets^of mining
occurrence ; but it is safe to assert that in all human probability a great number of under more fa-

such veins or deposits of copper ore do exist in this belt quite as rich as, if not arable condi-

richer than, any of those already discovered, and that from time to time as the
country is settled many of them will be found, accidentally or otherwise. I hold
therefore that this field of the mineral resources of Ontario is immensely important
and valuable ; where so much copp'jr in quantity and value has been obtained from
such a limited area, how much may not be reasonably expected from the whole of

this copper-bearing belt. If may be said, and with some show of reason, that

granting many millions of tons of copper ore may be contained in the rocks of this

mineral belt, of what possible importance or value can it be to the province if it is

so distributed and the difficulty and expense of mining be so great that when
obtained the cost of getting the copper shall be found to have exceeded its value.

Now although in a sense this may and doubtless does hold good in regard to the
present value of the copper in this belt, the prospective value to the province may
nevertheless be very great. Were we compelled to mine, dress and send to market
this copper under the unfavorable conditions which have hitherto prevailed in this

country, experience has denionstmted that it could only be done at a loss But
under the more favorable conditions that will surely obtain in the future it is mor-
ally certain that many of these deposits of copper may and will be worked most
profitably, and thus prove a source of incalculable wealth to the province. In order
to make this clear, let us suppose the Bruce and Wellington mines to have been
situated in England, and we shall see how much more favorable the conditions would
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have been. The wages of the miners and the laborers would have been less than
Suppose the one-half, and the cost of mining would have been reduced in like proportion. The

™'Td*''
^^ °'' di'essing of the ores, wliich in England is done aluiost entirely by young women and

cally, as in Eiig- boys, would have not been more than one-third of the cost of that operation in
land. Canada. The expense of transportation to market would not, I consider, have been

more than one-tenth of the sum paid for the freight of the ore from Bruce Mines
to Liverpool or Swansea ; in addition to all which it would not have been necessary

to bring up the ores by dressing to more than 8 or 9 per cent, of copper instead of

from 15 to 20 per cent., thus saving no only expenses but a very large quantity of

copper unavoidably lost in the process. Then again machinery and all kind of stores

and material-!, timber excepted, would have been very much cheaper in England.
From all tliese circumstances I am convinced that had the vein at the Bruce Mines
and the Huron Copper-bay locations or others of the like character and richness

been situated in Cornwall, or almost any other part of Europe, they would unques-
tionably have yielded the fortunate owners very large profits. Now the point I

wish to make is this : if our Canadian cojjper mines be such that if situated in

Eui?op'3 they would have realised very large profits and been considered very valu-

able, it necessarily follows that so soon as those favorable conditions arrive in Ontario,

then at all events if not before will copper- mining in tliis province become profit-

able, and the vast deposits of that metal in the copper-bearing belt north and west
of the great lakes become in the fullest sense of the term valuable. The conditions

Conditions ne- most necessary to profitable mming, whether in respect of labor, of materials or of
cessary to profit- transportation, are being surely if not rapidly evolved in the district in which the

e minin<j.
mines are situated. No one who has noted the growth of the district of Algoma in

population and otherwise during the last 30 or 40 years can fail to perceive that

fact. But on broader grounds 1 hold it to be absolutely certain that sooner or later

all the disabilities under which in the past copper mining has labored will be removed,
and that this country will stand in just as good a position as England herself in

regard to the economical and profitable working of her mines. In addition to

cheai^er labor than was obtainable on the first opening up of the country, much may
be expected from the employment of labor saving machinery in our mines. The use

of rock drills worked by steam or water power, the substitution of dynamite and
other m >re powerful explosives for gunpowder, the employment of galvanic batteries

or electricity to discharge simultaneously a number of blasts so placed as to produce
the greatest possible eflfect, are all calculated to greatly diminish the cost of mining,

even if wages should remain the same. It is p )ssible also that improvements may
be made in the smelting or reduction of cojjper fr >m its ores. In c including my
remarks as to our copper deposits, [ would like to add a word of warning to all

^
word of warn-

gj-jg.^gg^]^ ^,j. about to engage in uiining enterprises, especially in districts where the

character of the veins at a considerable depth has not been proved. Not a dollar

beyond what is absolutely unavoidable should be expended on the surface, however
promising the appearance of the outcrop may be, until one or more shafts have been
sunk to a depth of at least fif y fathoms and levels driven each way. This is espe-

cially necessary where form ^r experience goes to show that the veins frequently

become smaller and poorer, if not altogether barren, at a very trifling dejjth. Sur-

face expemliture is utterly wasted and becomes a dead loss when the mine itself

fails. The fewer failures, and the greater number of dividend-paying jnines, the

more attractive will be the industry to capitalists.

William Plummer—I have been c innected with mining matters in the lake

Superior section for a good many years. I was engaged at the Bruce mines. They
began opei'ations over thirty years ago, and continued for about twelve years. It

Bru 8 and Wei ^^ twenty-one years since I left. There are two mines there, the Bruce and the

•lington mines. Wellington. IBoth are on the same lode, but one is farther west than the other.

The Bruce was worked by the old Montreal company, and the Wellington by an
English company and English capital, the latter afterwards acquiring the former
by purchase. I was sent from England to manage the property. The Montreal
company first commenced operations in 18-lS ; they sold out to our company
in 1864. Ours was organised, I think, in 1854 or 1855. When I took charge

the shafts were only down a few fathoms, and I put down a dozen. We had
two principal veins upon the Wellington and three upon the Bruce, 1 think.

The course of the veins was north-west and south-east. In some places they were
3 or 4 feet wide, in others 20 feet

;
greenstone rock formed the walls on both sides.

The vein matter was mostly quartz. The deepest .shaft was about 500 feet, but some

mining opera- Were not more than 15 fathoms. Some years the aggregate sinking per year of the
tions. several shafts, was about 100 fathoms ; and the driving of the several levels 156
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fathoms, and over 1,500 lineal fathoms of ore sloped out. The average per year of

nine years tY'T-s, of stopings, 1,241 fathoms, sinkings 87 and drivings 113, making an
average per year of the nine years, 1,441 fathoms. That is to say, there was a

section of the vein taken out equal to a depth of 10 fathoms by a length of 144 on
an average for each year. Dykes crossed the veins at different angles, more or less

at right angles. They were, I think, of more recent origin than the veins, and I

think had a great deal to do with the richness of the veins. When we lost

these dykes for a considerable distance the veins were poor. I am quite

sure there is still an abundance of ore in that property ; the veins have
been worked for a mile and a half I think, but there are parts that are still

unworked. I know that district very well, and I know that copper occurs

in paying quantities. There are lots of other veins besides those on the

Wellington property. Diorite greenstone, mostly composed of felspar and
hornblende, in grains, is the copper-bearing rock of the district. We employed
about 200 men in underground mining. Altogether we had about 350 employed, Laborers and
some being boys. The underground men were paid by contract, and made rate of wages,

about $32 or $35 a month. Surface men were paid about $1 a day, and some
got more; wages increased later on—I think about 10 or 15 per cent. Once raised,

wages covild not very well be reduced. We had steam engines for crushing, pump-
ing and hoisting purposes, as well as for dressing. The drills were worl<ed by hand.
Some time after I left reduction works were put up, but I canot tell you the value
of the plant. The capital subscribed was £200,000, and for a number of years the
mines paid very handsomely. I do not think the books <;f the company can be got,

as during my time we had a riot and the men wrecked the offices and destroyed
our books ; that was in 1803 or 1864. For many years the mines were
very productive, and yielded some 2,500 to 3,500 tons of copper ore a year.

At the beginning it went 5 per cent., but later it was only 3 per cent. ;

it grew leaner as we went down. The ore shipped each year would average production and
about 20 or 21 per cent. At first it was shipped to Liverj^ool, but most market,

of it afterwards was sent to the States, where we continued to have a good
market till the war broke out. Then a duty of 5 cents per j)ound was put
on copper, which prevented our selling in the States and injured us materially.

We could only ship through the States in bond, and this caused a great deal of

trouble, anxiety and expense, and we found great difficulty in working it. Up to

that time the American market was better than the English. That lessened the
value of the product, and then the price of copper went down to a very low figure,

so that about the time we closed it would not pay. I think that $0,000,000 to

$7,000,000 A-as taken out altogether. I was in charge twelve years.

Frank Prout—I am the agent in charge of the Wellington company's property
at Bruce Mines. Work was commenced here in 1858. What was known as the

h w i

old Bruce mines were formerly owned by a Montreal company ; that property lino-ton mines,
passed into our hands in 1869. The extent of < ur property is t-^o miles frontage
by five miles deep, 6,400 acres. I cannot from recollection give you the par-
ticulars as to the shafts that have been put down ; the greatest depth is 420 feet.

The vein did not play out at all ; it continued good, in fact improving to the end.
We did not find any native copper. The veins run south-east and north-west,
being quarcz in diorite. They are from 6 to 20 feet wide and were pretty uniform
throughout ; there was very little iron, the gangue being principally quartz and
a little spar. The widest point of the vein we woiked was 26 feet, where it formed
a horse. I cannot say what it cost per ton to mine. We generally paid about $35
a fathom, the ordinary width being 10 or 12 feet ; where wider we paid more. It

would cost about $1.50 for stoping, and then there was the driving and sinking
besides, which cost much more. The directors are John Taylor & Sons, London, Eng.
The capital is £40,000 in 40,000 shares. Some changes were made when the chemical
works were established, so that it is difficult to tell the exact jxisition. The Huron
C< p]jer-bay L cation was leased and worked by our company for a number of years.

D. McDonald was j^resident of that company, but I think he is now dead.

W. H. Plummer—On the Bruce and Wellington copper locations there were
three lodes. The north and west lodes were not far apart ; not more than a
quarter of a mile, and they were tapped at different points. The work closed down Shipments of.

about 1876. In the good times the greater part of the ore was shipped in steamers,
and vessels came direct fi'om Swansea. Some was shipjied in bags, but more
in barrels, as the company had a barrel factorj' of their own. The bags were
for the better class ore, that which was reduced. Three or four shi^js a year
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came from England, and besides that they shipped by the local steamers to

Buftalo, Toronto and Montreal. Afterwards it was shipped from Montreal, being
carried by rail to there ; the company shipped whichever way they got the best

rate.

Edward Norris—I live at Sault Ste. Marie and represent the Lake Superior

Copper company, whose works are at Mamainse and the head office in London,
Eng and. J. A. Hendry was the president when last I heard. Daniel Norris, of

Abchurch chambers, London, is the secretary. I do not know the amount of

capital. The present company acquired possession from the Lake Superior Native
Cojiper company three years ago last winter. The property is 60 miles up the

shore of lake Superior, and consists of (i,400 acres, 640 of which was got from the

Kincaid location. Work was commenced by the Lake Superior Native Copper
company in 1882. Three shafts were put down, the original No. 2 being after-

wards abadoned and made into a ladder-way. The shafts are about 300 yards

apart on the vein. No. 2, the one near the lake, is 320 feet. No. 1 is 280 or 300
feet, and the original No. 2 is 60 feet. There are four levels altogether, but I

cannot give you the distances. We have two hoisting machines, six 30 horse-power
boilers, an air compressor, dressing machinery, a Ball stamp of about 180 tons a

day, column jigs, etc. We have also a saw mill and machine shop. The machinerj^

was put up during the summers of 1882 and 1883. Work was stopped about 1884,

on account of monetary trouble. I cannot tell you the quantity of ore taken out
;

there was not a great deal of dressed ore shipped. The countiy rock at Mamainse
is conglomorate of the Nipigon series. The strike is about 10 degrees west of

north. The walls on our vein are trap, but the rocks are very irregular ; I think

the conglomorate forms one wall of our vein, and the trap the other. The width
of the vein on the surface is 5 or 6 feet, but it widens below to about 18 feet ; that

is speaking from recollection ; I have not been there for about four years. The
percentage of copper varied very much ; the last test made showed seven-eighths of

one per cent, of native copper. It is a dry mine, all things considered. We never
had any difficulty in getting labor ; our miners were principally paid by contract,

and the price was about $20 a foot for the full size of the shaft, 8 by 20 feet. The
price would vary according to the quality of the rock, and thio was about the lowest

price paid. Ordinary laborers got from $1.25 to $ 1.50 a day. The greatest number of

men employed at our mine was 260, including 75 choppers ; that was in the winter

of 1883. Something less than 100 of them were miners. In other years I think

about 160 men were employed, except the first year, when the number was about
100. The failure was mainly due to extravagant work. We were new hands in this

country, and there was too much building in proportion to the amount of mining.

We also lost a great deal of money trying to run a passenger boat. The old com-
pany went into liquidation three years ago. I believe if they had money enough to

go on for three or four months more they would have weathered it. The present

company have done no mining, but they acquii'ed the property with a view to work
it. It is composed I think chiefly of the old men, though I believe a number of

new men were brought into it. All the shares were never issued. The facilities

for shipping are not good, but they could be improved by getting a good boat on
the route. It would be a great advantage if American boats were allowed to call.

H. Tretheivey— I was in charge at Mamainse. We were exploring, and did

not go on with regular developing. The indications were very good, the highest

assays showing 7,000, 15,000 and 20,000 ounces to the ton ; that was selected rock.

We only got a small pocket and took out about $150 worth. There is silver there

in paying quantities. We found native copper, black and red oxide, and grey
ore that assayed 69 per cent, copper ; we did not find that in large quantities. I

believe there is a good property there. The company spent about $26,(X)0 or

$30,000. The deepest shaft was 875 feet and the longest level 350 feet. We sank
seven shafts from 35 feet to 874 feet. The level of 350 feet was driven through a

belt of amygdaloid and conglomorate, and the vein was from 4 to 12 feet wide.

There was about three-quarters of one per cent, of copper. The 87 foot shaft was
on the vein. We traced the vein for half a mile, 12 feet wide. It carried native

copper, red oxide, black oxide, green carbonate and native silver. I know of

quite a number of veins farther in ; they form deep depressions in t'le rock on
the surface. The dykes on the shore run south-east and north-west, and inland

some are east and west. The veins which cut the dykes are almost due north and
south, and the dip is 45° towards the lake. I believe that to be a good country
for grey copper ore and silver.
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J. S. Williams—The Michipicoten mine was originally the property f f the

,>iiebec Land and Mining Co., which did a little prospecting along tlie back of the

vein. About 188"2 it passed into the hands of the Lake Superior Copper Co.

,

whose headquarters were at London, Eng., their cajjital being £100,000. I think

they began work the same year and carried on for about three years. They sank

a main shaft 400 feet—Bonner shaft 400 feet, Batter's shaft 200 feet, Office shaft 65

•or 70 feet. They also did a good deal of drifting. No. 1 at 200 feet level was about
•600 or 700 feet, No. 2 at 280 feet was 500 feet, and No. 3 at 360 feet was 300 or

400 feet. In Bonner shaft tliey cross-cutted and drifted about 600 feet. The vein

runs nearly east and west in amygdaloid and trap the
total depth, dipping south 52*^ from the vertical. It

is composed of quartz, calcite, epidote, iron pyrites

and native copper. The latter occurs in masses of

from 40 to 50 pounds to minute particles of very fine The vein,

shot and leaf copper. The mineralised part of the
vein is principally on the hanging wall, but occasion-

ally runs through it. The vein ranges in width from
three to six feet and is pretty regular as to size, but
varies very considerably as to productiveness—at some Machinery,

places poor, at others well charged with copper. A
considerable lot was taken out, but no portion of it ^
was dressed and none shipped ; it still lies on the ^^^

dump. The company quit work three or four years

ago, owing to exhaustion of funds. The machinery

island\'S"rtoSr'" consisted Of two pai,:s of 24-inch Cornish rolls, four

a. Trap. r. C.uglomerate. r Lode P*"'« ""{ Pl""!^,^' g^^^' f""^' ^^uddles for dressing, all

matter with xpecks of Copper. /. driven by a bO horse-power engine, with four upright
Jasper. (/.Amygdaloid. boilers. The property was purchased by Mr. Matthews,

at that time mayor of Li\'erpool, who carried on the
works about a year and a half. I was superintendent of the works during nine
months of that time. The main shaft was sunk a further distance of 200 feet, we
put down a winze 55 feet, drifted No. 3 level 150 feet west. No. 4 about 100 feet.

About three-quarters of a mile south-east of the old mine a jjarallel vein of con-

glomorate exists, still in the amygdaloid and trap, with an average width of seven
feet. We sank 40 feet on that vein and tested it with a diamond drill 250 feet

;

a considerable cpiantity of native copper was found, and more evenly disseminated
than in the old mine. A band of red sandstone underlies the foot-wall of this vein.

The vein matter resembles the Calumet and Hecla more than any other I have seen.

Mr. Matthews' death occured in June or July, 18y7, and the works were shut down
at the end of July. This summer Mr. Cozens is acting fur the estate and has an
American syndicate examining the property. The total area of property is about
ten square miles.

H. P. aMcIxfos/i.—My residence is Cleveland, Ohio, and I am secretary and treas-

urer of the Canadian Copper Co. The company was organised January 5th, 1886; its The Canadian

capital stock is §2,0(>0,0()0, all subscribed and paid for. The properties of the com- Copper com-

pany are situated in Blezard, Creighton, McKim and Snider townships, district of *
"

'

Algoma, and have a total area of. about 10,000 acres. It is difficult to determine
which of the prospectors made the first discoveries ; at least a dozen diffierent per-

sons vfere upon these properties about the same time, and we do not know who first

found the minerals. The cut through the small deposit on the line of the Canadian
Pacific railway, about three miles west of Sudbury, was perhaps the first thing done
to call attention to the fact that copper ores existed in the country, but not enough
was found there to warrant sufficient expenditures of money to determine its possi-

ble value. The ore occurs in a series of parallel lens-shaped deposits in a formation
that appears to be principally diorite. 'The deposits extend more or less promi-
nently through a tract of several miles. The ore is copper pyrites accompanied by
considerable pyrrhotite, the latter carrying nickel in greater or less quantities, and
the gangue being principally felspar and diorite. It is tlifficult to get miners and
laborers on account of the isolated position occupied by the mines. The men
employed are largely Cornish and Welsh, and they are paid monthly in cash.

Dr. Edward Peters, jr—Openings have been made in the Stobie, Evans and
The Canadian

Copper-cliff mines at Sudbury, and at four or five other openings to prove the veins, copper com-
At Copper-cliff a great deal of work has been done, some §25,000 or 830,000 having pany's works,

•been expended. A shaft has been sunk down about 350 feet on the vein, and
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drifts have been run at right angles to the shaft 500 or GOO feet. A great deal of
surface quarrying has also been done. On the Evans mine the shaft has been sunk
to a depth of 85 feet and two drifts have been commenced, being now about 6 feet.

There has also been a small amount of surface quarrying done. At the Stobie two-

tunnels, each of 30 or 40 feet, have been run in and work has been done as seen
by the members of the Commission. At this mine we have a three-drill com-
pressor to work three air drills, a large stone breaker, the necessary pumps, etc.

At the Copper-cliff we have a six-drill compressor, a large hoisting engine, a rock
breaker, a rock house for separating ore, various pumps and all necessary
machinery. At th -. Evans a thi'ee-drill compressor will be put up in about a week,
also a breaker, and there will be a very large rock house, one of the finest in the
country when it is finished. I think we can dress a good deal of our ore to 20 per cent.

Speaking in a wholesale way I think it will show about 2i per cent, nickel and 3 per
cent, copper. The Newfoundland ore is something similar to ours, but does
not contain any nickel that I am aware of. It seems to me that the mineral
deposits here run through tl-e country something like a string of sausages, with a
long space of string between each sausage. As we go down it seems to narrow and
then widen out again. There seems to be some connection between the deposits,

but I do not think they could be properly called fissure veins ; I would call it a
mineralised belt, with minerals concentrated in it at certain points. It is a hard
region to prospect on account of the broken nature of the country, and owing to-

the fact that the rocks do uot crop up well. If this were in the United States
thousands of prospectors would be here on the strength of what has already been
done.

Francia Sperry—We have had 10 per cent, nickel in special samples of the
Canadian Copper company's mines; that was the highest in the pure pyrrohtite ; the
average would be per cent. The average in the general body of ore is I think 4
to 5 per cent, copper and 8 to 4 per cent, nickel. In making a shipment we make
an analysis ; in the shipment to New York it showed 7 per cent, copper and 3 per

cent, nickel. That was a shipment of about 3,000 tons. We have on the dumps
now about 5,000 tons.

F. Andrews—I have been izr the Sudbury district since the beginning of April.

I have been more or less ac([uainted with mining since I was 13 years of age, both in

mining schools and elsewhere. I received my education in Cornwall and Devon,
England. I was also at the Royal School of Mines, London. I have had expe-
rience in the west, in Mexico, South Africa and Australia. I have been in almost
all kinds of mines, except coal mines. I think it is too early yet to give an c>pinion

as to the prospects for mining in the Sudbury district. I cannot say what minerals
are in paying quantities, but I am pleased with some parts of the district. The
surface deposits are splendid, but there is no deep mine yet to prove how it is

below. At the Evans mine they stai'ted with the diamond drill at a depth of 130
feet with very satisfactory results, though I do not think the drill is at all a fair

test of a mine. At the Copper-clift' they have tested down to about 300 feet,

and we will shortly know more about it ; it may improve, but I cannot say that it

will. I do not know of any other companies besides the Canada Copper
Co. and the Vermilion Co. that have done any real work. Pr(ispectors do
nothing more than put in a few shots to test the nature of the veins. It is a very
hard country to prospect. We employ 32 miners at the Copper-cliff and I'i at the
Evans ; we work night and day and t!ie shift is ten hours. We have not had any
difficultj' in getting a supply of skilled labor. We pay outside men $1.40, miners
ab ut $1.75, and machinists S2. The shafts and drifts are sunk by contract. Some of

those working by contract make as high as $2.75 and $3 per day. The lock, j^arti-

cularly at the Evans, is diorite and is very hard to blast. At the Copper-cliff the
angle of incline is 45 d' grees.

James Stobie— In Denison there appears to be more schist acconq^anying the
diorite than at Sudbury. In the No. 1 shaft of the Vermilion the vein is between
schist and diorite. Where copper and galena have been found, more or less gold
and silver have been found. The course is generally north-east and south-west :

there are exceptions however to that, the Lady Macdonald and the Copper-clifl".

In these the course is north and south. There is a considerable distance between
them, but I think they are a continuation of the same deposit. In some places in

the belt the diorite itself is rich enough to be worked ; in other places it is not ; it

varies very much. There seems to be any number of places where, if handled with
economy, mining should pay.
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Eobert Hedley—The specimens of copper I examined have not been repre-

sentative, but I tiiink picked specimens ; some have gone very high, as high as 23 Composition of

and 24 per cent., some 15 and 17 per cent., and some lower. In ahnost all cases I
Sudburj ores.

found nickel associated with the copper, either intimately or lying side by side. I

have assayed for nickel and have found from 1 to 25 per cent. ; but only as high as

25 per cent, in one case, and that was from the Vermilion shaft No. 1 ; there was
6 per cent, copper. I have tested for cobalt and found it existed with nickel.

With some copper ores I have found gold and silver in small quantities, and a trace of

other metals. Ores ai-e largely mixed with iron pyrites, and pyrrhotite which
appears to carry nickel.

John Bahcock—I discovered copper with nickel on lot 10 in the 5th concession

of Denison. I think it carries gold too. Most of the work was done by myself and Ores in Denison,

McCormack, whom I had to get to take it up. The vein runs north-east and south-
ald'Fairbank^'^'

west ; the country rock is hornblende and a kind of micaceous slate. I have but a very
common knowledge of rocks. In Waters I discovered what I think is copper and
nickel, but it has not been assayed as yet ; I have not taken up the lot. In Snider
I found two deposits of nickel and coj^per close to each other, on lots 3 and 4 in

the 1st concession. Those lots have been taken up and we have done some explo-

ratory work. There are two veins, both about 10 feet wide, their course being
north-east and south-west. In Fairbank I found pyrites with little specks of galena.

I don't think it is rich, but it might pay if a man were able to work it.

Robert McCormack—I live at Sudbury and have been engaged for the last two
years prospecting in this district from Snider to Denison. I have a copper loca- Locations in

tion on lot 10 in the 5th of Denison; it is something like the Krean location, of gnj^'er"^"
which I think it is a continuation. There is copper on lot 4 of the 1st of Snider

;

it is of the same kind but not so lai'ge as the deposit on the Krean location.

Copper occurs in the green rock. In Snider it is a kind of green rock on one side

and grey upon the other.

George Shaw—In the township of Graham, on lot 6 in the 3rd concession, we
find some very good lodes that the mining engineer says in his report form a con- Locations in

tinuation of the Vermilion. We are about stocking that for $100,000. On 5 in the ^^i^^^^™-

3rd we have alluvial gold. On 12 in the 5th, which we also hold, there is copper,

an assay of which by Mr. Heys of Toronto shows 27 per cent, copper and $96.40
of gold per ton. The vein I understand is live feet wide. It is supposed to be
a continuation of the McConnell lode, and goes across this location into the next.

There is very little doing because each man is waiting for his neighbor to develop,
and then hopes to make something out of his own.

D. W. Butterfield—I think from the indications, as far as we have gone, that
copper exists in paying quantities at the Vermilion location. Our ore runs 25 to The Vermilion

30 per cent, copper, besides other metals. I have been told it contains nickel and mmmsr works.

j)latinum, or other metal of the platinum group. As to the copper on the hill, I

cannot yet say whether it is a vein or not. I think, however, there is a large body
of ore there, and I am satisfied with the development so far. I think as we get
deeper dt)wn we will get more water, as the rock is not as close grained as at the gold
vein. I do not expect we will have any trouble till we get down 100 feet, and then I

think we can handle it with a pump. I do not think there will be any serious difficulty.

In our mine here we have the copper in difterent forms—blue, grey and yellow
copper, and also some native copper. There is some iron pyrites with the copper,
some gold, some quartz and some arsenical pyi'ites I think, quartzite that carries

gold and a small amount of silver mixed up with the vein matter, hornblende,
platinum and nickel. No copper ore has been shipped as yet, and it is not deter-

mined where we will send it for reduction.

Joseph Eiopelle—I am interested in about 1,200 acres of mining property in

the township of Denison ; our lots are in ranges 4 and 5. The owners of the Copper and

property are Tough, McDonald and myself. We discovered minerals on the i)ro- V^^^^^ locations

perty in 1S86 and 1887 ; we discovered mineral on every lot we purchased, the
principal minerals being copper and nickel. We discovered gold on lot 9 in the 5th.

The copper shows generally on the surface and is in veins. We have openings on
all the lots, but have not sunk a shaft to anv depth. We found some copper
associated with and some without nickel. The only gold was that on lot 9,

and I cannot say that was a vein ; it was only a little native gold picked up when
we were opening for copper. I place no value upun the gold at all. I have visited

the copper regions of lake Superior, and I believe this to be the best co]iper section

in tlie world. We have had some of the copper ores analysed bj' Mr. Donald of
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Montreal ; it was an analysis of the lot we disposed of to a copper company since,
and showed 34 per cent. That was in the township of Snider. The veins vary
very much

; in some places we can hardly call them veins. We found ore going
right across the township from north to south and cropping up. Wherever the
vein croi^ped up we purchased as soon as we had developed enough to show that we
were right. I do not know that there is a vein as the word is generally used ; it

usually occurs as an overflow, sometimes showing pretty well on top. We are
perfectly satisfied with the appearance of the copper and hardly deem it necessary
to have any analysis.

Henry Ranger— I have discovered copper on lot 12 in the 4th concession of
Denison, on lots 9 and 1 1 in the 5th, on 8 in the 5th, on 8 in the 4th, and on 1

and 6 in the 5th. In Snider, on 12 in the Cth, I found copper. In Graham I

discovered iron pyrites on 12 in the 3rd and on 12 in the 4th I found a quartz vein
containing copper pyrites and galena.

James Miller—The copper in the township of Drury is a mountain and extends
about two or three thousand feet. About a mile further to the north-west it crops
out again ; there is any amount of copper there. It appears to be decomposed as
far as can be seen. The rock is diorite.

Edtnard Moore—I am a lumber merchant and am interested in mining proper-
ties at Straight lake, west of the township of Moncrief and 46 miles west of

Sudbury. Copj)er was first discovered there a year ago last fall, and about
two or three weeks ago galena was discovered. I cannot say whether the galena
occurs near the copper, but it cannot be a mile away. 1 am speaking froni what
my brother told me.

GOLD.

Of the localities in which gold has been found in Ontario, the Commission

Gold regions. visited gold carrying veins in the Madoc or Marmora, Denison and Lake-of-

the-Woods districts. Evidence was obtained in addition to the above in rela-

tion to the Huronian mine in Moss township, west of Port Arthur, and to

many veins in the region of Sault Ste. Marie which are said to carry gold in

paying quantities. All these are in the Huronian formation, if the first

mentioned can be so included.

The Richardson gold mine is situated in the township of Madoc, in the

Richardson gold countv of Hastings, near the line of the Ontario Central railway. No work
«»une.

-^ °
. -,11

is now going on, but recently some parties have been exploring the old

workings and opening new ground. Very promising looking rock had been

taken out and was lying on the dump. The vein stuff consists of quartz with

some iron pyrites ; dolomite and calcspar also occur in patches, and form a

considerable part of the excavated matter. Talcose schist appears to form one

side, and strikes with the greenstone and gneissoid rocks in an easterly and

westerly direction, the dip being at some places 70°. The vein is not

visible at the surface. A very interesting account by Mr. Vennor of the

discovery of gold at this place is given in the Geological Survey report of

1869, together with a great many analyses and tests of ores in this district.

Fig 10. is a section of that country drawn by Mr. Vennor :

Canada Consoli-
dated gold
mining
company.

Fig. 10.— (^ Indications of iron. e. Crystalliiie limestone with graphite, syenite and gneiss, i. Diorite

rock with iron ores. t. Calc schists, inica schists and conglomerate; limestones and dolomites with gold.

The property of the Canada Consolidated gold mining company at

Deloro, in the township of Marmora, was visited by the Commission, but the

mine is now idle and full of water. Some extracts taken from a paper by
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E. P. Rothwell, editor of the New York Engineering and Mining Journal,

read before the American Institute of Mining Engineers, may be given as

descriptive of it

:

About thirty miles north of the city of Belleville, in the township of Marmora,
Ontario, there is found a belt of gold-bearing quartz veins which present geological,

mineralogical and economic features of great interest to the profession. The district

in which these veins are found is characterised as a rollmg country, with low
rounded hills of syenitic granite, overlain on the flanks of the hills by Silurian

limestone which lies in nearly horizontal beds, and in some places is so fine in

texture as to afi"ord lithographic stone of a fair quality. The gold-beiring veins

run north and south through this belt of syenitic granite and are quartz-filled, true

fissures, with micaceous or talcoid slates forming the walls of and horses in the veins.

This talcose slaty rock is evidently the product of the chemical decomposition of

the syenie along the fissures, the quartz being segregated from the country rock
into the veins, and the hornblende of the syenite furnishing the magnesia of the

talcoid slates. The veins, besides quartz, contain also as gangue crystallised

calcspar and occasionally crystallised bhxck mica. The ore scattered through this

gangue, in heavy bands in some places and in detached, well formed crystals at

other points, is an arsenical snlplm rpt^ of iron (mispickel) haximc-aL-Composition of

about 55 per cent, of iron and 25 per cent of arsenic, and jjerhaps Sff'pfer cent, of

sulphur. This mispickel contains the greater part of the gold for which the mines
are worked, but free gold is also found scattered through the quartz in small leaves

and grains, and it is also found showing freely at times in the mispickel itself . . .

Some four or five parallel veins have been proved to exist in a belt of 500 or

600 feet in width, running through the property of this company for a length of

over three-quarters of a mile, while the main vein has been opened on adjoining

properties, making a total proved length of this great fissure of about three miles on
the vein, a fact which, next to actual sinking, may be considered the best proof of

the co'itinuance in depth of the veins. . . . They have shown this vein to have a

thickness exceeding 20 feet in many places, and averaging probably 8 or 10 feet,

while the middle and west veins, though smaller, have still apparently a thickness

of 3 feet and upwards.

Average of 108 samples, 515 tons (latling ore, assayed by A. Tliies, $13.37 gold per ton.

Check assays by Prof. Richards of Boston, and Giflord of New York, $14.75.

Average value GatUng ore, east vein, $14.06 per ton.

Average samples, aggregating 63 tons, Tuttle shaft, east vein, $24.88.

Average samples, aggregating 12 tons, middle vein, $30.82.

Some of the washed ore was treated by chlorination under pressui'e (Mears'

process) and practically nearly the full fire assay was obtained. Even including the

loss in flue dust in roasting in the revolving hearth, an ore which assayed less than
$14 per ton yielded net in the bullion 91 per cent, of the fire assay, so that it is

thought that by care in roasting from 93 to 95 per cent, of the gold in the concen-
trates can be regularly obtained.

The accompanying sections of the Gatling mines (Fig. 11) are by Mr.

Description of

the property.

R. H. Stretch, M.E. Since Mr. Rothwell's report large chlorination works, chionnation
.,, , , p n i- j^i

works erected.
With chambers for collecting the

irsenic, have been erected. It

is stated that they could put forty

tons per day through a Blake

orusher. The ore was next

broken by Cornish rolls, con-

centrated, and the concentrates

i^roundby mill-stones, after which

che material was roasted and the

PiQ ^1 arsenic caught in chambers. The

roasted concentrates were put into a barrel with free chlorine gas and revolved

then washed and the gold deposited from the solution. The process is described
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more fully by Charles "W. Wilmot in his report in the Geological Survey

publication for 1882-3-4, Part 4. The tailings from this process are now
being run over a table containing mercury in the riffles and oscillating 90 per

minute. Sodium amalgam and nitrate of mercury are put in with the

mercury, and also a few grains of copper filings after the nitrate of mercury

is added. The filings keep the mercury from flowering. It is found that either

by the action of chlorine or the ordinary action of the atmosphere—for in

the case of all these veins free gold is found for a certain depth down—the

gold has been liberated, and by the process just described they get from

$.3.50 to BQ per ton from the refuse tailings. The local opinion is that the

concentrates have not been ground fine enough to let the chlorine have full

action.

The only gold-bearing quartz veins visited by the Commission in Denison

Deuison town- township were those at the Vermilion mine and on the Vermilion river. At

the former place the vein runs east and west in a close grained quartzose

dioritic rock, with a small quantity of iron pyrites scattered through the quartz.

The vein matter appears intimately mixed with the wall rock in stringers,.

Tenniiion mine, without having clearly defined walls. The gold occurs apparently indifierently

in the quartz and wall rock, specimens of the diorite being found interlaced

with the gold wire. It is found in the quartz in the usual manner, imbedded

in branch-like pieces where visible, but in the wall rock it seems generally in

wire formation. The gold also is found in the iron pyrites in places, and

where visible it appears in specks. The vein is nearly perpendicular, an<l a

shaft has been sunk upon it about 40 feet in depth, showing a vein varying

from two to four feet in width.

The vein on the Vermilion river is on lot 1, 4th con. of Denison. It

Vermilion River strikes north GO'' east, and seems to be about perpendicular. It is a strong
location.

vein, 12 feet wide, consisting of white quartz with reddish tints in places. lb

carries a little iron pyrites, copper pyrites and plumbago, and is reported to-

have a paying quantity of gold. This vein occurs in a grey dioritic rock,.

which forms both walls.

As yet it may be said that no mining has been carried on in Lake-of-the-

Lake-of-the- "Woods district other than of a preliminary and development character, and
Woods district.

^^ ^^^ ^^^ shafts are filled with water it is impossible to say what they have

proved. It may be said, however, that the prospects of paying gold mines

in this district are singularly good, but great care will have to be taken

owing to the broken and uncertain character of many of the veins or quartz,

infiltrations and the refractory character of the ore. As a rule the quartz is

intimately mixed and connected with talcose schist, which seems to occur

chiefly as a lining to the vein and which may be the result of decomposition

of the country rock. Much of the quartz also is iron-stained, but sometimes

it is quite white and does not appear to carry any mineral. Other varieties

of quartz again are sugary, and sometimes with a pinkish tint. Where the

quartz carries mineral it is chiefly iron or copper pyrites, and in places free

gold is visible. It is stated that the free gold is only found near the surface,

and that in depth most of the veins carry arsenical pyrites or mispickel,

which makes it difficult to treat. Very rich specimens containing free gold
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were shown to the Commission, which are stated to have been taken from

this region. As no mining is being carried on, we shall give a few brief notes

of some veins visited, and the evidence must be looked to for further infor-

mation regarding the district.

A number of veins are being opened at the Sultana property, which in

many places appear to be quartz segregations in local joints or cracks in the Suitana

strata, which run into the country rock at different angles and disappear,
^^°^^ ""

and many of which carry minerals. The uncertain character of many veins is

a common feature of this district, so far as we have seen. For example, in

four out of some half-dozen places where quartz is exposed

—

(1) A quartz vein or "splash" strikes in a north 20° west direction

and dips at a steep angle to the east; it is two to three feet wide and
intimately mixed with talcose schist. It is said to carry gold, but cannot be

traced along the surface.

(2) A quartz vein occurs in a grey porphyritic syenite wath large crystals

of felspar and some quartz and pyroxene. It seeftis to be a local impregna-

tion of quartz some three feet across in places,

(3) Ophir Jack opening is on a three foot quartz vein. It runs north 30°

east with the shales, underlies to the west, and is visible for some distance up the

side of a hill. It has the appearance of a true vein, and therefore constant.

(4) Another opening striking north 80° west is three feet across. It

underlies to the north and cannot be traced on .the surface. There are reported

to be a large number of quartz veins carrying gold on this property which we
did not visit.

On the Gold Hill property a strong reef of quartz and talcose schists 33

feet wide strikes north-west and south-east and dips south-west. A shaft Gold mu
has been sunk upon it, but it is filled with water. It is said to be solid quartz

^''^P®'^-

below. On the surface it can be traced some distance and is found on the

other side of a suiall lake. Other veins are reported to exist on this property

and to be rich in gold, as is set forth in the evidence.

The Winnipeg Consolidated property shows a vein about two feet wide
at the surface, striking north-west and south-east through diorite and \Vinnipeg Con-

intimately connected with a talcose schist as lining to the vein. It is a close-

grained sugary quartz carrying mineral, and is said to widen below to four

feet. A stamp mill was at work for some time on this property, concernino-

which the evidence gives infornation.

North of Little Current the Huronian formation comes in on the north

end of Lacloche island, replacing the Silurian. Several islands between North shore of

Lacloche and the main shore on which we landed are composed of diorite
^^'^^ Huron,

quartzite, chloritic and hornblendic schist, sometimes considerably altered.

The strike is nearly east and west and the dip about 80'' north. As a

general thing there are quartz veins, stringers and infiltrations of quartz in

joints in these rocks on the islands, and especially in the schists, some of

which carry minerals. At Edgeward island iron and copper pyrites and
mispickel occur in the infiltrated quartz, and the asays are also said to have
given gold and silver. The rocks of this island are compact chloritic schists,
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highly altered and running into a close grained and hard greenstone or greatly-

altered schist at the north end. Quartzite also occurs on the island.

At two places pointed out on timber berth 110, on the mainland, mineral

is found in quartz veins or stringers. In one of these it occurs in conjunction

with chloritic schist and quartzite, and in the other, a mile inland, in trap.

The first contains galena, and is said to carry gold. In both cases the quartz,

stringers run with the rocks easterly and westerly. The prevailing rock

here is a schistose quartzite.

D. E. K. Stewart—I am a solicitor living at Belleville. I have been interested'

The Feigle and iu mineral lands since 1866, but did not attempt regular gold mining until 187t!-

Gladstone mines In the latter part of that year I leased the Feigle mine in Malone ; afterwards I

purchased the Gladstone in the same vicinity. The Feigle is, I think, on 18 in the

11th of Marmora, and the Gladstone on 17. I think I took about $20,000 in gold

from there ; the gold was sent to the mint. The vein is quartz in syenite, cai'ries-

considerable iron pyrites and is very irregular in width, varying from one to four-

teen feet. It has been traced some 1,200 or 1,400 feet, and a great number of

openings have been made upon it. There are two shafts, one of 50 feet and the

other 80 feet. The rock on both sides is syenite, the vein matter chiefly quartz,

with mispickel and some country rock through it ; the country rock is granite. I

simplj' treated the ore for the free gold. We did not consider the sulphurets rich.

I cannot say how much free gold there was to the ton. Some of it was very rich

and some v'ery poor. I think we saved pretty much all the free gold. Analyses

have been made of the tailings, and they carry very little. I think the quantity

put through the mill gave from $3 to $50 a ton. The mine had been worked for

years before I got it, and I worked it about 13 or 14 months. I treated a quantity

of ore from the Gatling or Consolidated at Malone, and it went about $14 to the

ton. I believe it was just the -average ore. It was crushed, concentrated and
amalgamated. The rock was sect to us to make a test of it, and it was admitted
that we saved 80 per cent of the gold the rock contained. They afterwards put in

the chlorination process to look after the other 20 per cent. , and that, J think, was
the cause of their failure. Fourteen dollars a ton should pay very well. 1 think

the rock at the Gatling would average about $14. The vein is from 8 to 12 or 14

feet wide, and carries a large amount of mispickel. We put through about 70 or

80 tons of it. Mispickel ore can be treated satisfactorily by roasting and amalga-
mating, and by working it that way I- think the mine could be made to pay hand-
somely. This would apply to all these arsenical sulphuret ores from the nunes in

that vicinity. I think veins of this kind occur for a distance of about two or three

niiles. As a rule gold-bearing quartz varies in richness, but in this section the
veins are uniformly rich. I think they run about $14 a ton as the ore comes out
of the mines ; it is worth that to mill. When it can be made to yield $14 jjer ton
by roasting and amalgamating I think that trying to save more by the chlorination

process would only entail loss. The Richardson mine is a quartz vein carrying

copper sulphuret ; it is quite rich. At first the Richardson carried a great deal of

gold, and some of the finest specimens ever got in the world were from that mine.

I would not call the Richardson ore mispickel ; it carries no white arsenical pyrites.

There is any quantity of that in the Williams, Gatling and Hawk-eye. The only
The Consolidat- mine that can be said to have been really developed is the Consolidated, and that

is down 200 feet. Below the Consolidated, on lot 5 in the 9th of Marmora, is a vein

that has been worked a little ; one on 4 in the 8th ; one on 5 in the 8th ; then I

don't think the vein is opened till we reach the Consolidated, where there are four
or five shafts. After that there is the Gatling property, then the Hawk-eye, and
then I don't know of any more till you come to Malone, four miles further up the
river. At Malone there is the Feigle, the Gladstone and Cameron ; across the
river is a cross vein of nearly solid sulphurets. Then north again and east there is

the Richardson, and one on lot 28 in the 5th of Madoc. At the Richardson gold is

found in about every kind of rock. I have washed gold out of earth about half a
mile south of the Gladstone, and got color in the pan ; that would be on 17 in the
10th. The last mine north that I know of is the Craig, in Tudor. The Richard-

Character of the gQn vein runs east and west and dips to the north ; the cross vein at Malone runs
^""^'

the same way. The mispickel veins run north and south. They are generally in

syenite. I never saw a vein that could be properly called a contact vein. The
Gladstone was chiefly quartz and iron pyrites, scarcely any copper pyrites ; on one

Treatinsr mispic
kel ore.

Richardson
mine.

ed mine.

Various loca
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•occasion only I found a piece of native copper in that vein. I found a quantity of

mispickel in one ^haft of the Gladstone. I was working in too many places, and Working- with-

had no capital to speak of ; it I ha i sufficient capital I think I could make the °"' capital.

Gladstone j^ay handsomely. The vein was iiTegular. I think there are a number
of properties that would pay if properly worked, and if the owners would put their

property in against the capital to develop it. One great trouble has been that

owners have been holding undeveloped j)roperties at too high a figure. However,
that evil has to a certain extent cured itself, and at present owners are more
reasonable. I do not consider that mispickel is a very hard ore to treat if the
proper svstem is adopted. A considerable quantity of gold was taken out by
Osier, some So(>,000 or 840,000, I think. He had a 20-stamp mill, but I do not
know that he worked all the stamps, I think he only worked live. There is a gold Kaladar.

mine at Kaladar, and I have it on good authority that it yielded $7.50 to the ton.

I have seen some of the rock from there showing good specimens of free gold.

John Stewart—The Richardson-hill is the property adjoining the old Richard-
son property on the west. I shipped ore from there, and was superintending around Richardson-hill

at different times. On the foot wall it was sj^enite ; I cannot say what it was upon ^''cation,

the other. The vein matter was micaceous, and there was some diorite. It carried

pyrites, gold, copper pyrites, magaetic iron and a little hematite, a good deal of

dolomite and spar, and a great deal of liine matter associated with the ore—a mix-
ture of everything.

Charles Taylor.—We are at present taking the gold out of the tailings of

the Consolidated mine by amalgamation. Our process is a simple one and is The Consoli-

not patented ; it simply consists in using a sodium amalgam. When our mercury dated mine,

flowers we use a copper amalgam. [ do not think we get all the gold. In every
ton we put through I think we leave .$2-5 or S30 ; if assayed it will show that. By
the first process the company adopted I do not think they got more than 87 or 88 a
ton of concentrates, though it assiyed from 860 to 870 to the ton. The first process
was to pass it through Cornish rolls, then it went through a large screen, then Extracting ore

through jigs, then it was put in a revolving cylinder and fired, the arsenic being ™™ * '°^'

condensed in a large chamber. The average gold in the ore was 815 to the ton, and
in the concentrates 8(J0 to 830, but it is seldom that more than one-half the amount
of the assay is got. "We take about 84.50 a ton out of thetailin2;s ; we put through
about eight tons a day, and with two men we take out from 810J to 8150 a week.
We began working about the latter part of June, but water was scarce ; now water
is plenty, but the weather is gettin^^ too cold. This ore was treated by the chlorina-
tion process, but the article treated was not half burned, and all the gold was got „
out of the small part that was calcined. The dust on the beams of the wall assays ment!^^

°' ^^^ '

820 to the ton. Tae oxide of iron, if outside the gold, prevents the mercury from
touching it, but by using caustic soda the oxide of iron is cut from the surface. In
a building 40 feet square I can do twice as much as they can do with all their works
at Deloro, which cover half an acre. My pulveriser can be placed in position with-
out foundation or anything of that kind. After crushing the ore I would burn it

and take out the arsenic, and then it would be in a state to take out the gold by my
process. If you were to stamp as fine as my pulveriser does you would not be able
to do more than a ton a day, while I can pulverise from 8 to 10 tons a day. This
machine occupies but a small space, and I am prepared to enter into a contract to
crush from 8 to 12 tons a day, and put it through 6 J mesh. These refractory ores
should be calcined in all cases. I have not as yet treated any arsenical ore here
that was not treated before, but we treated arsenical ore in Nova Scotia. Except
my process, I do not know of any by which it can be successfully treated ; no one has
treated it with caustic soda but myself. The proportion of caustic soda used is about
two pounds to the ton of water. We keep the water up to blood heat an 1 oxidise
the mercury with acids ; we als) use a little muriatic acid and a little sulphur some-
timss. The caustic soda will clear grease from the mei'cury.

E. B. Fralick—l have been interested in mining affairs a considerable time.
In 1866 I was interested in a gold property adjoining the Richardson mine, to the The Fox location
south and also to the west. Openings were made and we prospected, but not with in Madoc.

a great deal of success. Our property was considered very valuable—it was known
as the Fox property—and subsequently there was a great chancery suit about it.

A shaft was sunk on the vein and we found colors of gold, but not in payino-
quantities. On the Moira property to the south there was a vein like a spur run°
ning from the main Richardson vein. The rock was chiefly dolomite. Those were
the only gold properties I was interested in.
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Beroche and Burrows—We have a mine situated on lot 25 in the 6th conces-

?'?''?i?-^*^'"^
'" ^^^^ °^ ^^^® township of Kaladar, in Lennox and Addington, and about 6 miles from

the Kaladar station on the Ontario and Quebec railway. It was discovered in
1881. Many assays were made showing it to be good "pay rock." In 1887 the
owners sent about three tons of the ore to the gold mill at Malone, where the free
gold alone yielded a bar valued at $65. The sulphurets, which are known to be rich
in gold, were not treated owing to lack of proper apparatus. Last year two shafts,
each 30 feet, were sunk exposing the vein ands'aowing it to be a true fissure vein.
The matrix is quartz. One of the wall rocks is a chloritic slate ; the other is a
very hard conglomerate, which appears to have been tilted. The general direction
of the vein is aorth-east and south-west. It varies in width from five to twelve
feet, and can be traced on the adjoining lots. This property is well situated, there
is an abundance of timber, and excellent water power on the Scootamatta river
which flows through the adjacent lot.

Wm. Hicks—I am interested in a gold property on the north-east half of 12
in the 2nd concession of Sherbrooke. It was discovered in 1880 and I bought it

in 1881. 1 cannot tell if it occurs in a vein. I spent about §120 on the property
and it has remained that way since. The analysis showed 825.10 silver and §128.32
gold. I was offered .$30,000, but I thought I should have got half a million. The
vein matter was very hard, a kind of reddish green rock. To satisfy myself I got
three more analyses—one of which, made at Denver, gave from 860 to 830. There
is a great deal of pyrites in quartz, and wherever we get pyrites there is sure to be
some free gold. I should have said the three analyses I got made were 860, 880
and 812S. The location is about 16 miles from Perth.

Charles Dohson—On the north shore of lake Wahnapitae there is a vein 46
inches in width that carries gold. It can be traced by the outcrcppings for about
2,000 feet, and runs north 45° east. It is 300 or 400 feet back in the woods from
the edge of the lake. The hanging wall contains mispickel, that part being about
three feet wide ; it lies under the granite. On the foot wall there is gneiss. The
mispickel averages 8860 to the ton, and the quartz vein matter 840 to the ton. I

saw gold on another location that Mr. Sheppard is interested in on the same lake.
It looked very well. I saw a good deal of free gold, and from present indications I
would imagine that it will be rich. The wall rock appears to be especially rich in
gold. In the township of May, on the Algoma branch, there are quartz veins which
vary in width from 6 inches to 4 feet 6 inches, traceable for two miles. They run
west 20° north. The aggregate width of the vein^, which run parallel, is 41 feet

;

there are six or seven veins I suppose. Assays made at Chicago showed from 8120
to 8134 to the ton. Assays by Professor Heys, of Toronto, showed within 4 dwt.
of the same.

George Shaic—On lot 9 in the 1st concession of Graham we found gold that
Gold in Graham, went as high as 81,100 a ton ; there was a little free gold in that. It appeared to

be a good straight vein.

James Stobie—^Schist seems to be intimately connected with gold ; it seems to
be the casing. I have seen gold in the diorite near shaft No. 1 of the Vermilion
mine. Gold his also been found on lot 9 in the 5th of Denison.

Francis Sjjerry—Gold as far as I know has been restricted to the Vermilion
mine. I have made numerous assays, but cannot find as much gold as other chem-
ists.

Charles Kettijle—I have a gold claim in the township of Waters, on lots 5 and
6 in the 6th concession. The vein can be traced 200 yards, and is from 20 to 28
inches wide. The first assay from the surface showed 828 to the ton, the next at
2feet down 832, and at 6 feet down 876. These were not picked specimens. A
large part of the gold was in sulphurets. The rock is hornblende slate on both
sides.

P. C. Campbell—I am interested in a location in the township of Waters that
yields gold, silver and galena. There are two veins upon it. We sank six feet on
the galena vein and three feet on the quartz vein. An assay from the surface
showed 42 oz. of silver to the ton, and 1.2 oz. gold. The location was discovered
by C. J. Kettyle. No work has been done upon it more than putting in a few shots.
Openings have been made about six feet in the galena vein and about three feet in
the quartz vein.

B. McGormtck—In Snider, on lot 3 in the 2nd concession, there is a quartz
vein carrying 8^3.50 gold and 82.50 silver ; also some copper, but I do not know
how much. The vein is from 2 to 2\ feet wide.

Gold in May
township.
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The Vermilion
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Gold in Waters
township.

Gold vein in

Snider.



113

Henry Ranger—I was the first to discover gold in this part of the country ; it was
on the 3rd of September, 1887, on h)t G in the 4th of Denison. I found free gold Discovery ofroM
in two veins in Denison ; it was in quartz, in the country rock, the same as at Ver- ^n l>enison towft.

niilion mine. 1 really found free gold in four places on lot G ; in one place there was
no quartz, just a splash of free gold upon the common country rock. y

B. Ctuirlton—I am president of the Vermilion Gold Mining company, which

has been organised about a year. The capital stock is $240,000, of which 60 Vermilion Gold

per cent, is paid up. About a quarter of the stock is Canadian, and three-quarters «oiupanjr.

American. Our property is in the township of Denison, in the district of Algoma
;

we have nine lots of about 320 acres each, altogether between 2,700 and 2,800

acres. We liave carried on active operations since the first of May, but have now
stopped work for the winter. We have only done prospecting work as yet, and are

not deep enough to protect the men working in the winter. We have one sliaft of

40 feet, another of 30 feet, and another of about 20 feet ; the shafts are all within

a radius of 500 or GOO yards. We have been looking principally for gold, but

have got a good deal of platinum, copper and nickel. The nickel is combined with

the copper, but I cannot tell you in Avhat percentage. It would be impossible to

give the average, it varies so much. One shaft is all gold and no copper ; the next

shaft shows a large quantity of copper and some gold, and considerable platinum.

In the vein that contains nothing but gold we have not gone far enough to deter-

mine whether it is a clearly defined vein. It is a quartz vein and appears to be
well defined. So far Ave have been exploring, and not working with a view of getting

a large return. We have got a good deal of gold already, which we have sent to the

mint and disposed of—several thousand dollars worth of gold. The machinery we
have there is simply for exploring, a small prospecting three-stamp mill. Besides

the veins we are working, there are other very rich indications. 1 cannot tell you
how much we have spent so far in the development, nor the amount of gold to the

ton of vein matter. The vein where the copper is found is widening out very
much of late ; it is very irregular, and therefore it is a very difficult matter to tell

the actual width. The shaft in the gold vein is about 40 feet down. It has been
enlarged since the members of the Commission were there, and I think is now 10

by G feet. Free gold is found at the bottom of the shaft . We got out very rich

specimens at the very last. In shaft No. 1 we found arsenic, but only one assay

showed it. The platinum was got in this shaft. The property can hardly be said

to have been prospected at all, still some 15 or 20 veins have been discovered

upon it.

A. G. Duncan—My home is at St. Joseph's island, and I am vice-president of

the A^ermilion mining company. The company was organised last fall, and got its Vermilion min-

charter this sprhig. B. Charlton of Hamilton is president and John Oliver of ingeompany.

Chicago is secretary. The capital stock is $240,000—55 cents on the dollar paid

up and 24.000 shares issued. Americans hold the majority of the stock ; they are

Chicago ca])italists.

D. W. BiiMerJield—'My home is at Waukeegan, 111. I have had six or seven
years experience in gold mining and milling, particularly in the Black Hills district. Vermilion gold

I have held the position of superintendent of the Vermilion company since the "^'"®-

1st of April, 1888. My experience has been principally in connection with gold

mining, and till I came here I never had anything to do with copper ; my experi-

ence has been all along with free milling gold ores. I have not seen enough of this

country to give an opinion as to the minerals it contains. What properties I have
seen are not developed, but as far as I have seeti the indications are very good as to

gold existing in paying quantities. The gold-bearing vein at No. 2 shaft here strikes

north-east and south-west. The width of that vein where we have worked it is

from 12 to 30 inches ; it is traceable on the surface for, I t'link, about 150 feet to

the east, \\ hen it seemingly runs into the swamp. We traced it west of the shaft

for some distance. The vein matter is quartz, carrying gold ; there is some iron

pyrites, and perhaps a little copper pyrites. I think it carries other metals, but Minerals in the

what they are has not been determined yet. I think I have seen a little galena, but vein,

very little. Occasionally we find a little spar, but hardly enough to be worth men-
tioning. There is no resemblance between the veins here and in Dakota ; the
quartz there is mostly darker, being stained with iron and of a softer nature ; it is

not sharp wiiite quartz such as is here. As far as we have gone we Consider the
vein encouraging for gold. The water does not trouble us to any extent ; during
the spring we had some water, but not enough to interfere with our working. In
this district there is plenty of timber and water for working. The timber, of

IL.
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course, is not of the first quality ; it will answer our purpose till we get into deep
Jjabor and trans- mining, when we will have to get green timber. As to the labor market here, wages

are reasonable. There are 27 men on our pay roll now, and we have a light three-

stamp prospecting mill. I think we will find the facilities for transport satisfactory;

we are well situated for that, being only two and a half miles from the railway.

Thomas Frood—I have obtained samples ef gold from five or six places between
the township of May and east to Neelon, a distance uf about sixty miles. The gold
was in small quantities only, and the rock from which it was obtained was quartz
and schist ; the best I got was from a little bit of schist in the township of Neelon.
If it c uld be got of the same quality as the specimen it would go about f8,000 to

the ton.

Williani Ward—The locations IP and 2P, on the north shore of lake Huron,
are on the main land and contain about 330 aci*es. I was there last summer and
we discovered two veins of (juartz. An assay from one showed 24 dwt. of gold to

the ton, and from the other 12 dwt. 1 ft el confident the veins run through both
locations.

James Proctor—T am interested in Flat Point island, IP, 2P, 3P and 4P. I

have never been upon the properties, but I have seen specimens. The averages of

the tests we have had made ran from flU to nearly $0,000 a ton. Some of the
veins have 30 per cent, copper.

J. 1). Deivar—I reside in the city of Toronto and am a metallurgist. I have
made tests fur the Pine Portage people, for Sudbury people, and for ])eople all

around. I have assayed several specimens for Dobie & (Gordon, of the Pine Port-

age. The vein m ateruf that mine is white quartz, in places carrying notliing but
free gold : there are many veins, some of which carry silver, lead and gold ; others
silver and sulphur. I was never on the ground, but have had some of their stufi'.

I treat specimens by a process which brings the gold to the surface, and receive a

great many specimens to treat in that way. I have visited some locations on the
nurth shore of lake Huron. There is one location on Flat Point island, another
location called IP, and another called 2P. Hat Point island is norLli-eai>t of La-
cloche island, close to the main land, and is about seven acres in extent. Some
development work has been done upon it and good samples obtained. The whole
island is a body of veins from an inch to ten inches wide on top, but they get a

little wider as we go down. We only examined one corner of the island, on the
lake side. There was one shaft down ten or twelve feet. Another ojjening five or

six feet deep w as made ou the west side of the island, and some very rich gold was
found. There is really no division between the veins ; they are stringers running
all over. A vein of about two feet runs from ^100 to $300 to the ton. When we
get down a little way there are vughs full of little nodules which carry heavy free

gold. These vughs occur frequently in veins over a foot wide. If we do not find

the nodules we find yellow or brown dust containing gold. 'J he gold occurs in the
rock as well as in the nodules. There are about a dozen openings made on the
island, but all are not equally rich. In addition to the gold there is a vein of cop-
per on the island, from three to six inches wide, on which is an opening of about
ten feet. The country rock is all of a crystalline limestone formation and is easy to

work. The whoie island is really a vein, and every bit of the rock that we have
assayed shows gold. There is nothing one can really call wall rock. About one
hundred yards from the shore on the mainland is a vein four or five feet wide which
contains gold. There is a white quartz vein with sjoecular iron cariyir.g $24 a ton
of gold on IP. The vein on 2P is two or three feet wide, but none of it has been
analysed

.

E. B. Borro'io—The first to make known the existerce of gold on the north
shore of like Superior was, I believe, Professor ( hapiuan of Toronto, upwards of

twenty years ago. If I remember correctly its presence was detected by him in the
ore of a vein at Black bay, where it was associated with galena, copper ore and some
silver. Shortly afterwards gold was found a little beyond the height of land m est

of lake Superior, at Ja^ kfish lake. As far back as 1660 it was reported by the
Jesuit missionaries to have been found on St. Josejjh's island. In 1852-53 one of

the men employed by the late Mr. Molesworth in making a survey of the island

stated that he had found gold. At the request of the late Sir Hugh Allan, who
heard of it, I spent cwo days lookmg for it, and it is needless to say I did not find

it. There may have been some foundation for the rumor ; the gold may have been
found in boukUrs transpoited from some point on the north shore. Gold had been
found cm the Chaudiere river, Quebec, a few years before ; a few years later it was
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Superior.

St. Joseph's
island.
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discovered in Nova Scotia, and subsequently it was found at Mddoc, in Hastings
county, on lake Supei'ior, Lake-of-the- Woods, and still more recently on the north Various dis-

shore of lake Huron. It would thus appear as if there was an almost uninterrupted coveries showing:

belt of gold-bearing rocks extending entirely across the province of Ontario, if not ^old belt, but

from the Atlantic to the Pacific ocean. Were I otherwise competent, so little has poor veins pre-

been done in the way of exploring and development that I am not in a position to P°" erate.

give an opinion as to the importance of these deposits to the province. Gold is

found in alm)st all parts of the world, but in too small quantities to be worked
profitably. In the neighborhood of Leadhills and Wanlockhead, Scotland, it has
been kn wn for over three hundred years that gold exists in every little stream,
but not in paying quantities. As recently as If-tiO a lew of the old lead miners
would go occasionally and wash gold, being induced to do so by the fact that the
neighboring gentry would give tliem from three to six times its commercial value
because it was Scottish gold. From a commercial point of view the payment of

such prices might be described as idiotic. Yet there are not a few of our cautious

and intelligent fellow citizens who have paid as much for every grain of Canadian
gold obtained from the mining locations and mines in which they have been induced
to inve--t. As elsewhere, so in Ontario, the j^oor veins, whether of copper, silver

•or gold, outnumber those which can be worked profitably. There can hardly be
any doubt but that in a gold-bearing district of such extent there are some good
veins. But till there has been a demonstration of that fact by at least one good
paying mine. I do not anticipate that our deposits of gold will attract much atten-

tion outside the province.

Auhbrose Cijretfe—-On the Heron bay property on Pic river, 180 miles from
Port Arthur, a shaft was sunk 5.5 feet. There is gold there, and an assay showed Heron Bay

$5,332 to the ton, but I suppose that was a picked specimen. The vein is quartz, "'^^ '°°'

the country rock blue slate ; the vein proper is about two feet, and there is about
8 feet of vein matter. The walls ara clearly defined, and there is both gold and
silver. The property consists of 3,500 acres, but is not being worked now as the
owners quarrelled over it. I have an interest in the property, but never got any-
thing out of it.

Peter McKellar—For gold there are the Huronian mine and a few locations at

Lake-of-the-Woods. At the Huronian about GOO or 700 tons of vein matter was Huronian gold

put through the mill, slate and quartz ; it turned out $(300 of bullion, and about 40 ™'"®'

tons of concentrate worth about $150 a ton. I sent 4j tons and was only allowed
SlOO a ton for the concentrate. At the rate they allowed me it would have been
about $7 a ton f.)r the ore, but according to the analysis of Hoftman it should have
been $10 to the ton. If the mine were properly opened and worked it could be
raised to $15 a ton, but I think to work it at $10 or $12 a ton would be the most
profitable way and would give the best return for the capital invested. The vein
we worked was about 6 feet and very regular. There are other beds alongside that
carry as high as $133 to the ton of concentrate.^ ; they are very large and would
keep immense mills going if they carried that right along, but oidy a few tests

have been made. I think the Huronian will pay well when a good road is built to it.

There are other promising deposits there ; in one place there is a 16 foot vein in

which one can see a few nuggets, but it does not appear to continue like the ^'""'P^^

Huronian. I examined the Winnipeg Consolidated in the Lake-of-the Woods
;

the vein was about three feet Avide and they wei-e down about 70 feet. The qua'tz
proper of the vein was G or 8 inches on the foot wall, and 4 or 5 inches on the
hanging wall, the centre part being schist. I did not test it and cannot say what
it assa\ ed ; they claimed it was high. Near Jackfish bay in the Huronian slates jackfish bay.
there is a vein carrying free gold. It is three miles back and carries gold as high
as $27 to the ton in selected samples ; it is a strong fissure vein. The other vein
there is in red granite. Gold has been found near Poplar river not far Irom Nipigon I'oplar river,

bay ; it was in a silicious bed of rock, but it did not look to be a regular vein. The
gold veins are more in the Huronian formation, but one of t'lem is in the syenite

;

the others are all in the slate. The slates are largely chloritic, the vein being quartz, gold chieflv in

There is very little free milling gold ; it is generally combined with sulphurets. In sulphurets".

the Huronian mine there is considerable free gold in places, but it is not more than
one-sixth

; the rest is sulphurets. The veins generally occur in chloritic and
talcose slates. As a rule gold veins run with the formation.

A. J. Gattanach—A railway to the west of Thunder bay would open up the
Shebandowan country, which is a very important country as far as gold is concerned.
I understand from good judges, practical as well as scientific, that the rock there is

I
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the true gold-bearing rock. I sold the property (160 acres) on which the Huronian

mine is located for §50,0JO cash for the owners and I understand the present owners, J

who are Canadians, have spent between 3l( 0,000 and §150,000 upon it. Every-

thing is ready to go on with the work, but the means of communication are so bad

that it practically prevents work at all. It costs about §70 a ton to get material

in, and that renders the expense so high that nothing but very high grade ore can

stand it.

Arthur Harvey—The gold ores in the Lake-of-the-Woods section are refrac

tory, but not to the same extent as the ores of Marmora and Madoc. I have n<>

knowledge of the character of the veins except from the experience gained at the

Pine Portage. The ores there were free smelting on the surface, but down below

they became more and more refractory. They contain arsenic, but not so much as

at Madoc. My opinion is that the gold district will develop even to a greater extent

than the silver district. I understand that fair veins of gold have been found as

far east as Shebandowan. I have seen specimens of gold from north of Port Arthur,

and I have knowledge of gold properties as far as Heron bay, lake Superior. I think

the Lake-of-the-Woods is a better country to explore than almost any other part.

J. F. Latimer—I am engaged in assaying and reside at present in Toronto*

In about twenty of the veins around Lake-of-the-Woods I have found free gold

by crushing the rock and washing it in the pan. Most of those veins were too

narrow to work profitably. Perhaps ft)ur or five of them could be developed with

a fair prospect. These would average from §20 to §40 or §50 a ton, but not all free

gold. I do not know whether they would go deep. The deepest opened there that

I know of is the Pine Portage ; the vein is about 6 feet. They are down about

100 feet, and it carries gold from the surface to the bottom Samples which I got

myself that came from the bottom would go §2,000 or §3,0ii0 to the tmi. From

the top the best went something over §1,300. These would be selected specimens,

of course. I think it would average all through §40 or §50 a ton. There is con-

siderable free gold. A good deal of the ore is so refractory as to require special

trea^m-nt, but I think it could be treated profitably. I do not think the proper

methods have been tried. In the first place, the ore requires thorough roasting

a partial roasting will not do. I think the best process would be to concentrate,

and then treat it b/ the fnrnace process; that w )uld expel the sulphur, arsenic,

antiiinony, eto. I have experimented with the furnace process and have got nearly

as good results as I did by assiy. The process is partly calcining a-id pardy che-

mical. The gold region of the Lake-of-the-Woods extends over a large area of coun-

try. I have taken free gold from places over an area of 40 miles in length by nearly

as much in widtli. I have seen specimens said to have been taken l)eyond that.

50 or 60 miles to the east, and some little distance further west. The principal

developments are at the Winnipeg Consolidated, where they are down 115 feet, >

and the Pine Portage where they have reached 100 feet. In the Winnipeg Con-

solidated there is not much arsenic, but there is considerable sulphur. Gold there

is generally found in a quartz vein with slate on both sides, or slate on one side

and trap on the other. In the case of the Pine Portage there is a great deal of

iron pyrites, and there may be some arsenic, but there is not much. The arsenic

occurs in patches, but speaking in a general way there is not muah of it. The
Kewaydin location contaius a good deil of arsenic mixed all through it ;

one can

smell it on striking the rock with a pick . Mo<t of the ores have not got arsenic,

but they are refractory ; they contain a great deal of sulphur and a little antimony

and copper.

John K. Wright—I am a resident of Rat Portage and have been for the past

three years. I have had experience in mining for the precious metals in the western

states and territories. I own, in company with D. B. Burdette of Belleville, eight

locations on the Lake-of-the-Woods known as the Gold-hill mining property, and

consisting of 906 acres. I have made careful surface prospecting upon it and have

found two well defined fissure veins. We have seven openin,'?, one a shaft 5 by .

and o6 feet deep, another 5 by 7 and 33 feet deep, the others 5 by 7 and averaging

about 10 feet deep—three upon the Ada G. vein and four upon the Combination.

The Ada G. runs north of west and dips south abi:.ut 45^, about 16 inches wide

on the surface and 3 feet at 10 feet. The hanging wall is trap and the foot wall

appears to be granit.e. The gangue consists of talcose slate and gossan matter next

the w^alls, and it is auriferous from wall to wall, being equally distributed through-

out. The Combination is a mile south of the Ada G. and parallel to it, occurs

similarly to it, and dips at the surface about 30' south. It shows more coarse or free
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gold at the sui'face than the Ada G., but the free disappears lower down and the

gold is found in the form of sulphurets. At one point, a mile nnrth of the pits, the

vein opens to a much tjreater width. This is known as the Judge Mills location,

and it has been tested to a depth of 33 feet without any closinij of the walls. The
Ada G. \ras prospected and surveyed in 18 -sS, and the Ct)mbinatiun lead in January,

188 5, and all the development; work was carried on during the summer of 1886. One
shaft on the C Jinbuiation is within a mile of Lake-of-the-Woods, and another

one and three-quarter miles. Those on the Ada G. are about two miles from the

lake. Work was discontinued owing to a disputed claim. The Combination vein

has been traced from the neck of the peninsula north of Moore bay in a so ith-

easterly direction by Cedar and Gold lakes to the contact with the granite, a dis-

tance of three miles. The Ada G. has been traced from an inlet in the south-east

part of Big Stoue biy, parallel with the Combination, north of Islet lake to Hollow
lake on the contact. I think both veins run together on the contact, but a sufficient

examination to determine this point has not yet been made. A large number of ore.

assays h ive been made, the lowest of which from the Ada G. yielded $52 a ton.

The Combination juelded a little higher, and the average from both is about $05
a ton. A mill test of 2| tons made at London, Pittsburg, Chicago and Denver
yielded §20J jjer tf)n, but this was from picked ore and cannot be considered as a

reliable test of the veins. At the surface it appears as free gold, the vein rock being
as I think partially decomposed by weather exposure. At a lower depth the gold is

found as a sulphuret, and I think this is the fact below the line of permanent
saturation. I consider the whole a free milling ore, and ihat the sulphides can be
collected and treated economically. All veins that 1 have seen in this district have yeius
a general course of 10^ north of west, but they vary on striking the line of contact.

There are a great many cross veins, but I do not think they are at all valuable
;

they are feeders to the main veins pointing to the line of contact.

Alexander Matheson—I am chief trader of the Hudson Bay Co. at Rat Portage,

and have resided here eight years. I have taken a general interest in mining affairs The Winnipeg

here, having purchased several ^jroperties from prospectors and held shares in the Consolidated

Winnipeg Consolidated and the Canada gold mining companies. The Winnipeg
'"'"®-

Consolidated was stocked for .$1,000,000, but I do not know how much was sub-
scribed. I ac'i aired the property in 1881 and sold it to the company in 18-i3

; it

consisted (^f 69 acres in F 22 and 160 in X 85 on the south-eastern side of Big Stone
bay. All the directors were residents of Winnipeg. Work was commenced on the

property in 1883, a five-stamp mill was erected, a shaft house, mill house, boarding
house, assay house, blacksmith's shop and other necessary buildings. Work was
continued for part of two years ; a large quantity of ore was milled, but 1 do not
know what it yielded. Operations ceased, I think, in the early part of 1884, in the
winter, owing to the want of funds. Thirty to forty men were employed and about
^15,000 was expended. The mill was not well suited for its work, and the managers
had not a sufficient knowledge of milling gold ore to make proi)er use of the equip-
ment they had. The miners employed in the shaft were so well satisfied with the
showing that they proposed t i work it themselves, paying their wages out of the
output, and they worked on this understanding for a week or so when they quar-
relled with the managers. It was the general opinion that under good management
the mine would be a paying investment, and the miners had no doubt that, had
they been allowed to go on, they would get their arrears of wages out of it.

Giiorge Mitchell—I am a conveyancer and mining broker, and reside at Rat
Portage. I have had practical experience in mining development in this section. Tests of the

particularly in connection with the Winnipeg Consolidated. I think this district ^^}.'\"'P*f "^P""

should be placed in the front rank of gold yielding districts on the con'inent. I
have seen free gold taken from at least twenty ditferent veins here. On the Winni-
peg Consolidated our mill run gave •$48.60 clear across the vein from five tons of

rock carefully crushed. There was also a good deal of slaty matter in the gangue,
and a good deal of gold found its way into the tailings. The test referred to was
made from ore taken at a depth of 60 feet, and assays from average specimens of
the same ore gave $111. A great quantity of ore was milled, the average yield of
which was $43 per ton as near as it could bo calculated ; the amalgam found in the
tailings gave $16 per ton. The ore contained a good deal of arsenical pyrites of
iron, a little sulphate of copper, very little argentiferous galena ; sulphurets of iron
are common in gold veins throughout the district. I have seen arsenic in the
Winnipeg Consolidated, George Heenan and Keywadin veins a- shown by surface
assays. The Winnipeg Consolidated vein was discovered by Geor^^e MoVicar, of
Port Arthur, in 18:Sl. It showed about eight inches on the surface, where the
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shaft was sunk ; at a depth of 20 feet it pinched to one inch and then widened out
to two feet, which width it carried down to 70 feet ; it then took in several smail

stringers, and at its present depth (about 108 feet) it is four feet between the w Jls.

It is nearly vertic il, but dips slightly to the south. The hanging wall is, I think,

talcose slate, which also cai'ries g -Id in small quantities next the vein ; the foot wall

is trap. The vein appears in str»ggling form at the bay, and has been traced about
600 feet 10° to 15° south of east of the shaft.

Robert Bunting—1 live at Rat Portage, and own the Woodchuck gold location

in company with John Little of Selkirk. The property is on Clear Water bay, Lake-
of-the- \Voods, being 71P, and consisting of 33J acres. The vein was discovered in

1883 by Little and Joseph Thompson. I acquired an intere^^t in the property

about four years ago. The vein is about eight inches wide at the top, and at the depth
of 16 feet it widens to four feet. Two pits were sunk about three years ago, one 8
feet deep and the other 16 feet. The ore shows free milling gold, and is easily

extracted by burning and pounding. I have never had an assay made an 1 do not

know what it woild yield, but it is well distributed throughout the vein matter.

Dr. Henson—-I have resided at Rat Portage about nine years and am a medical
practitioner. I was one of the first to explore for g >ld in this region, commencing
in 1879. Along with William Gibbons I made the second discovery of gold, which
was on Boulder island in Lake-of-the-Woods. The first was made a few weeks
before on Hay island. I also discovered the Manitoba Consolidated on the north
side of Clear Water bay, being on the Argyle lead. A half interest in the Boulder
island location was given to Alexander Manning and others of Toronto on c 'ndition

of erecting a five-stamp mill and opening the vein. The vein was stripped abnut
75 feet and a lot of fine free gold taken out, but the mill was run only four days

;

work tlien ceased, but for what cause I do not know. The mill was taken away
and the property has reverted to Gibbons and myself. It consists of oh acres

which was purchased from the Crown Lands department for $1 per acre. The
patent has not issued because the island is in the Keewaydin Lumber Co.'s

limit. The Manitoba Consolidated was opened about six years ago by the Manitoba
Consolidated Co., of which Hugh Sutherland was president. The nominal cajjital

was .^2,000,000. I got for my share a certiticate of $20,000 stock, non-asst ssable.

I do not know how much of the stock was paidujj. A shaft was put down beside

the le id a depth of about 75 feet. The vein is nearly north-east and southwest,
is four feet wide, and nearly vertical ; it consists of white quartz containing free

gold and a little silver. As the vein is at the water's edge it was intended to sink

the shaft alongside it to a point below the water level, the cliff being 75 feet high,

but just when ilie proper depth was reached the work was discontinued ; I do not
know for what cause, but think it was for want of funds. I saw specimens of gold
taken from a location on Seine river, Canadian side, in the possession of Mr. Pither,

Indian agent at Fort Francis ; it was quite rich in free gold.

S. J. Dawson—The Lake-of-the-Woods discoveries are something wonderful.

The Lake-of-the I have followed the vein in one case over half a mile, and in pieces broken off' with
a hammer specks of visible gold were shown. The vein was three or four feet

wide ; the character of the gangue was quartzife, very hard but in some parts

decomposed. A good deal of development work has been done at the Sultana mine
and at the Pine Portage mine.

George Heenan^l have lived at Rat Portage since 1878, and have been more
or less occupied in exploring for miner ils since that time. 1 have seen various
kinds of minerals on Lake-of-the-Woods, such as gold, gal-na, antimony, native

copper, and I am satisfied that plumbago exists in considerable (j^uantity, but I have
been interested onty in gold. I am provisional director of the Ontario Mining Co.,

The Sultana wiiich owns nearly the whole of Sultana island and its extension on the main land,

island location, ab >ut 670 acres, part owner of the Keewaydin location and of the George Heenan,
both on Hay island, of a location on Shoal lake, and several others on wliich no
development has been made. The Ontario company is not yet incorporated, but
about 15 persons are interested in it, mostly residents of Winnipeg and St. Paul.

Some 45 veins have been found on the Sultana location, but openings have been
made on not more than 15 of them. The location is veined like a checker board
with east and west and north and south courses ; the courses are not regular.

The width varies from 4 to 7 feet and the dip is nearly vertical. The veins occur
in granitoid rock, and are quartz, containing free gold in the western part of the
island. On the eastern side the veins do not appear to contain as much free gold.

Woods
discoveries.
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but I think the east sde is equally rich. No assays have yet been made, but we
find gold m all washings of decomposed vein rock.

F. Miller—I have visited every location in the vicinity of Lake-of-the-Woods,and some of them 1 think will turn out very well. The Pine Portage I look upon Pine Porta^^e
as ttie best, ihere is an enormous vein there, over 20 feet wide. On that pronertv specimens,
there are not less than seven veins. I took average specimens weighing about 1.50pounds and by pounding, amalga-uating and crushing I got not less than S143 aton Iheore is refractory upon the surface, containing antimony, lead, coni.er
zincblende and arsenical iron pyrites. I detected erne or two little specks ofplatinum. By concentrating the ore and then treating it as refractory alona with
lead, IS in my opinion the best plan of workhig it.

GYPSUM.
The gypsum beds of Ontario are found in the Onondaga formation

and almost altogether in the valley of the Grand river from Paris in Brant Location of the:

county to a point a few miles below Cayuga in Haldimand. It is found so
'''^""'•

abundantly near Paris, in France, that it is commonly known as plaster of
Paris, both in the ground and the calcined state. It is composed of
lime and sulphuric acid, and hence is called also sulphate of lime. These
elements make it valuable as a fertiliser, and the greater part of what
has hitherto been produced in Ontario has been used for this purpose.
Within the last two or three years, however, calcining works have been Uses of gypsum
started at Paris and in the vicinity of Cayuga, where the manufacture of
calcined plaster and alabastine is carried on. The calcined plaster used in
Ontario has up to the present been supplied almost wholly by Nova Scotia
and New Brunswick; but.as an excellent article is now being made on the
Grand river, at points convenient for shipment by railway, the manufact.irers
believe that they soon will be in a position to displace the Maritime provinces
plaster in the Ontario markets. Two grades of gypsum are found in the white and grey
district, the white and the grey ; the latter occurs at Paris, and both in the

''"'"''

beds lower down the river. The grey gypsum is used chiefly as a fertiliser, it
bemg unsuitable in color for alabastine, stucco or any kind of ornamental work

;

the white answers for any purpose, but should the demand increase it will
doubtless be used chiefly in the arts hereafter. Large quantities are so used
in the United States, the greater part being manufactured from imported stone.
In 1886 the product of calcined plaster in that country was 72,200 short Production i.
tons, of which 46,000 tons was made from imported stone, and in 1887 it stlt^^"''"
reached 81,000 tons, of which 54,000 tons was from imported stone. The
total product of land plaster in 1887 was 106,000 short tons, of which 61,000
tons was made from imported stone. The chief sources of supply in the Un'ited
States are the deposits in Michigan and Ohio

; but gypsum has also been
found in Dakota, Colorado, Wyoming and California. Owing to the distance
of the western quarries from market, however, it is only in California that the
industry has developed to any extent. Gypsum will not bear long trans-
portation, either in the crude, ground or calcined state, especially in the
crude.

The gypsum deposits on the Grand river occur with layers of dolomite
and shale, and ore usually in the form of mounds or hillocks of diameters Occurrence of
ranging from a few yards to half a mile, from three to seven feet in thickness * v^fuT'

"''"

at the centre and gradually thinning off towards the circumference. The
"
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overlying strata rest conformably upon these mounds, so that the presence of

a gypsum deposit in a locality may be determined by the mound-form of the

surface. The beds are never continuous for long distances, the gypsum being

found almost always in lenticular masses.

Various theories of the origin of gypsum are entertained by geologists.

By some it is supposed that it has been produced by the action of acid waters

upon the calcareous strata through which they pass, forming a sulphate of

lime which might be deposited in dome-shaped masses at the surface like the

cone of a volcano ; but in the opinion of Sir William Logan the beds on the

Grand river seem to have been in all cases contemporaneous with the shales

and dolomites in which they are interstratified, and to have no connection

with the acid springs of the present time. The hillocks in which the gypsum

occurs, he thought, appear to be due to the fact that the masses of gypsum, or

hard beds immediately overlying them, have resisted the denudation to a

greater extent than the softer argillaceous strata, which seem elsewhere to

make up a great portion of the formation. The fact that dolomites, magnesian

marls and limestones are invariably found associated with rock salt, gypsum

and anhydrite (the waterless form of sulphate of lime), have led some

geologists to suppose that they are the conjoint products of chemical reactions

in which they have severally had part. The rock salt and gypsum form

lenticular masses, or else appear through the enveloping strata in strings or

veins. In a salt lake or enclosed sea subject to excessive evaporation the

reaction of bicarbonate of lime on sulphate of magnesia may produce gypsum,

and the gypsum and salt readily separate from highly saturated waters. The

layer of gypsum near Sandusky, in Ohio, is believed by the Ohio geologists

to have been deposited in a closed and shallow sea, and they reject the theory

of spring formation as untenable. Prof. Prestwich also leans to the theory

of separation and deposit in an enclosed sea, and mentions the remarkable

case of the artesian well at Sperenberg where the bore-hole passed through

283 feet of gypsum and anhydrite and 3,769 feet of rock salt. But he adds

that while we may form some notion of the chemical reactions which led to

the deposition of those beds, it would seem that the conditions under which

they were eifected must have been very different from anything of which we
have any experience. In explaining how the dome-shape of gypsum may have

been caused. Prof. Prestwich describes what takes place by the action of under-

ground wateis on anhydrite—the waterless form of gypsum. " As the water

of hydration in gypsum amounts to more than 20 per cent., when the

anhydrous sulphate of lime passes into the hydrated sulphate a great increase

of bulk takes place, and this is effected with a force analogous to tliat of

freezing water. Such is the underground force that the anhydrite will under

these circumstances lift masses of strata into dome-shaped hillocks, sometimes

of considerable size. Some instances have been described in which the

enclosing strata are thrown up vertically, or are even reversed, by the sides

of the mass of gypsum."* Assuming the Grand river gypsum to have been

deposited as an anhydrite, the hillock form is readily understood upon this

theory.

Prof. Prestwich's Geology, Vol. I, p. 116.
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David Brown—The Alabastine Co. of which T am president was organised about

three years ago with a capital of 328,000. The shareholders are partly Americans The Alabastine

and partly Canadians, but the greater part of the stock is held in Canada. There p°"]^'*"-^ °^

is a company of the same name in the United States ; they own the patent there

and we control it in Canada. We manufacture land plaster, calcined plaster and
alabastine ; we have also just commenced the manufacture of plastico under another

pate it. We have 05 acres about two and one-half or three miles below Cayuga,

which yields white gypsum. We are mining there but are manufacturing at Paris.

The bed of gj'psum is about four feet thick, but more in some places and less in

others. We mine from a shaft sunk on an incline. The gypsum is brought from

there to Paris, where it is manufactured into calcined plaster, alabastine and land

plaster. We have not yet had time to devote to the land plaster trade. The object

of the company is more for the manufacturing of alabastine, and we have been ^^"^g*^**
*

pushing that. The calcined plaster has given satisfaction as far as it has gone ; there

is no reason why it should not, as the material is all right. Nova Scotia supplies

most of the plaster that is used, and it is somewhat difficult to replace it. Plastico

is for mouldings and such work, about the same as stucco, but I cann(jt say much
about it as we have only just commenced to make it. To make ababastine we select

the gypsum, screen and calcine it, then mix it with several ingredients that are

secret. The quantities are measured, gi'ound and mixed by machinery, so that it

is exact and uniform. It is put up in packMges of about five pounds each, and twenty
in a box, and is sold that way to tlie trade. Alabastine will cover twice the space

that the same amount of calsomine will. It can also be used as a primer for paint.

T)uring the list two years we have sold about 75 tons a season, and we expect to The Pans

sell 100 tons this year. The gyjisum of the Paris mines ia grey. It is about 100 gypsum,

feet uuiler the surface, and we mine by striking it from the foot of the hill. The
bed is from four and one-half to six feet in thickness. We make our land

plaster altogether from the matei'ixl found here. Our sales of plaster for the

last three or four years have been about 1,500 tons. We don't make more than 400

or 500 tons of white land plaster. About 2,500 tons would be the total gypsum we
use in a year. The land plaster is sold as a fertiliser, and we contend that th*^ grey

plast^^r is the better for that purpose. I don't think there is any fertiliser that is

•so good and costs so little. All our sales are made in Canada ; we have not shipped "
*""

any gv'psum to the States for a number of years. Our land plaster trade is limited

to Ontario, but the alabastine goes all over the Dominion. The calcined plaster is

sold only in Ontario and Manitoba.

Alexander Gill—I have been engaged in the plaster business for twenty-four
years. When I went into the business in 1864 it was altogether a retail business. Early productio»

In 1865 we shipped 1,200 tons of gypsum. In 1866 we ran it up to 4,200 tons, °u*rri°?'P^^
about 2,000 tons bt ing retail. In 1867 we ran up to 8.500 tons, the retail trade

going down to 1,600 tons. Next year the business went to 10,400 tons, and after

-fchat it kept going down till in 1875 it was only 4,300 tons. I went out of the
business then, but after various changes myself and Mr. Brown acquired the
property. Land plaster does not sell as well as it used to ; twenty-three years ago
I loaded teams from Owen Sound, but to-day we cannot send it there at all. Then
the price at the mills was the same as now, $4.50 a ton. When a person takes ten
or twelve tons we sell it at $4 a ton. The wholesale price on the cars is $3.75. If

Tve sold the same quantity as formerly we could make more money, under the
improved way we have of handling it. Formerly it took thirteen men to run the Economic

mill night and day, but now we can run it with three men. We use water power
^altogether. We used to pay 8i and 90 cents for mining here. At Cayuga it costs

us about $1.10. AVe claim that our gypsum makes as good alabastine as the
American.

Robert Glenny—I have been engaged in mining plaster for twelve years.

Within the last four years T have been engaged in the manufacture of the plaster. Our Grand River

works and mine are about four miles from Cayuga. I think it must have been forty piaster work*,

years since that mine was first opened. The bed of gypsum is about four feet thick,

or perhaps a little more. The Grand River Plaster Works company have two mines
here, the lower being the Merritt mine ; the upper was mine till I sold out to them.
The Merritt mine is worked on a level drift without any incline ; the Glenny is on
.an incline of 1 in 10 for about 100 yards. The gypsum at the Glenny is about 42 or
43 feet from the surface ; at the Merritt it is not so much. The roof is supported
with timber, and the whole face is taken as we go ; sometimes we leave a pillar. I
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think the production is upon the decrease. In the last four years about 1,500 tons a

year have been taken out and disposed of. The Glenny mine was opened

about ten years ago, and it was the only one shipping from here then. I understand

that many yeat s ago, before the discovery of gypsum in the States, thousands of ton*

were exported from here. We started calcining and the systematic manufacture of

stucct) last year ; before that some had been done on a small scale. We have one

kettle, with a cajjacity of about 40 barrels, a crusher and a disintegrator, besides a
set of stones. '1 he weight of the barrel is about "250 jjounds. Our intention is to

have it set about the same as the New Brunswick plaster. What we have manu-
factured has been as white as that made in New Brunswick and Nova Scotia, and it

is finer ground. Our land jjlasti-r is sold in bulk, barrels and bags. It goes as far

as Brockville to the east and Windsor to the west. I do not know the cause, but I

think the demand for land plaster is rather upon the decrease. I have been over a

good deal f Ontario, and never heard it said that it was not a good fertiliser. It

is used sometime- in stables to fix liquid manure. I know of land plaster being

imported from Oswego only. It is grey, and I do not think it ip as good as ours.

The number of men employed during the last three years ranges from 3 to 20.

For the last year from the middle <.f June to October we did not employ any at all,,

but for the rest of the year we had about 10 men, two of whom are skilled men and

the rest laborers. The engineer gets about $1.55 a day, the laboring men about

$1.25 and the calciner over $2. There is no gypsum below the Merritt mine,.

Three miles above is the Alabastine Co.'s mine. There is gj'psum on the Anthony-

farm beside the Alabastine Co. 's property, but it is pretty thin there. The next

above is at Mount Healy a mile below York ; that property was worked last yeac,

and is I presume in working order ; it has been worked about twenty years. Next
above thrit is a mine at York ; I think Mr. Martindale works it regularly. His.

mining is principally done in the winter, and I think he does not do as much as

formerly. He used to calcine some, but has not done so lately. His plaster is of

fair quality, and he has a water mill for grinding it. The next is about three miles

from Caledonia, and I believe there is none again till we get to Paris. The one near

Caledonia is c died the Garland mine. I am told that for part of 1887 and 1888,.

which would be the busy time, about 700 or 800 tuns were mined there. We take

out the gypsum by blasting with powder, and it is a poor shot that would not fetch

a ton. I understand that $50,000 is the capital of our company. Warren Ackerman
is the president, and the headquarters of the company is at New York ;

E. W.
Dodd is the secretary. We have sent some of our gypsum to Newburg, N. Y. Out>

of the 1,50;) tons we ship about 600 tons in the rock. The price last year was $3.76

f.o.b. the cars at Cayuga for ground land plaster. We sell at $3 f.o.b. the boat on

the river. The rock gypsum sells at about $1.5C a ton. We ship some to Cleveland

and Erie. There are several points f>n the American side of the lakes where tliey

grind plaster. There is a duty on manufactured plaster coming into this country,

but I don't know what it is. In the States there is a duty on manufactured land

plast r of 50 cents a ton. The rock gypsum is free. If the Welland canal

feeder that comes up to the works were made deeper, or a lock put in at Dunnville^

it would do a great deal to develop the business. As it now is, it costs too much to-

get to Lake Erie.

L. J. Johnston— I am a merchant in Caledonia and have been working a
gy]isum bed in the township of Oneida, three miles south of Caledonia, for six years.

Garland worked it twelve or fifteen years before I got it. It Iims been worked
pretty much continuously. I got out last year about 800 tons ; the year before I did

not get out any ; before that 60(^ or 700 tons a year. We take the gypsvnn out
mostly in the winter and stop in the spring when the roads are not good. The bed
averages abovit five and one-half feet thick. In the bed there are little streaks of

blue, but the ^'lain is finer than that of the Me-ritt mine. Where I am now
working it is solid white gypsum. Under tlie jjypsum there is rock, and over it

rock also—a shaly clay rock. We grind with stones like wheat ; the power is water
power. We sell all over the western country, west of Toronto. I have shipp d to

the States. The first year I had the mine I calcined some and made a first class

plaster ; I made only ten or twelve t' ns as an experiment. I generally emjiloy

about two or three miners, une man drawing out, and three or four men teaming.

The miner gets 70 cents a ton delivered at the mouth ; he furnislies his powder, light,

and fools ; the rest of the laborers are paid a dollar a day. I jmy 40 cents a ton for

the drawing, and the teamsters make about $2.50 a day. Land plaster is good in

stables, is a good fertiliser and would be good for country water closets.
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IRON.

During the trip of the Commission only one iron mine was seen in Ontario

pi'oducing ore, viz., the Wilbur mine on the Kingston and Pembroke railway, iron locations.

All the other deposits visited were either undeveloped or lying idle and full

of water. At the Coe Hill mine in Madoc, some 30,000 tons of ore were

lying waiting for a market. The iron carrying districts visited by the Com-

mission were : (1) On the north shore of lake Huron, where an extremely fine

quality of specular and micaceous hematite is found in places from Killarney

to Sault Ste. Marie, in the Huronian formation. No large deposits have yet

been opened up in this district, but the indications and prospects seem to be

very favorable. (2) The McKellar location on Antler or Attic-Okan river,

south-west of lake Shebandowan. (3) The Vermilion iron range in Minne-

sota, which extends northward into Canadian territory. (4) The Madoc

district. (5) The Kingston district. (6) The Perth district. The last three

are in eastern Ontario, and form parts of the same iron-bearing formatio».

A few locations are alluded to briefly, particulars being fully entered into in

the evidence.

Some valuable contributions on the iron ores of Ontario are to be found in

the publications of the Geological Survey, among.st which may be mentioned. Geological
' a Jf o J Survey reports

Iron and its Ores, Sir William Logan's Report of 1863 ;
Studies upon the Ores on iron,

of the Dominion and the best Modes of Working them, by Dr. Sterry Hunt,

in the Report of Progress, 1866-69, and Iron Ores and their Development, by

Dr. Harrington, in the Report of Progress, 1873-4.

In the north-west corner of the Wallace mine location, on the north shore

of lake Huron, a vein or bed of iron ore occurs in quartzite. It consists of j^^^'J^°„
™'"*

about eight feet of banded ore and quartzite. The ore varies from crystalline

to compact specular. The bed may be traced some 200 or 300 yards west-

ward, and is but two fset across where last visible. Towards the east a mass

of debris and a steep declivity prevent its being followed without exploration

work. Where the ore is solid it is of an excellent quality. In going out to

this location from the lake shore, diorites, quartzites, chloritic and talcose

schists and a light grey quartzose felsite are crossed.

MINNESOTA VERMILION EANGE.

The Vermilion iron range in northern Minnesota was visited by three

members of the Commission in the latter part of the month of August, to Vermilion

••ii'i T • /-\ • mi ^ton range.
examine its character, because it is believed to extend into Ontario, ihe

specimens obtained and evidence collected give good grounds for little or no

doubt that this is the fact. The Vermilion and parallel ranges have been

traced for some distance on American territory, running north-easterly towards it« probable
•> ' '^ •' extension into

the Ontario boundary. In this direction from the Vermilion range many Ontario,

locations have been taken up on our side of the boundary, principally by

Americans who are interested in iron mining. Ore was shown us by respon-

sible people which was said to have been taken from the Ontario side, and

some of which was of very good quality. Iron ore in various grades of quality

has been found in places, extending from the boundary past the Kakabeka

Falls district. It is altogether probable that valuable deposits will be

I
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developed on the Ontario side, and it is of the utmost importance that informa-

tion should be obtained regarding the ores in this region. The small samples

\vhich have been seen are chiefly of magnetic ore, but comparatively little

exploration and practically no development has yet been carried on. No iron

mining can be successfully undertaken without a railroad, and if prospectors or

the holders of lands thought a railroad was sure to come if they showed

development enough to warrant it there is reason to believe that they would

at once begin work upon their claims. The government of Minnesota has by

grants of lands largely assisted a railroad which is now pushing northward

toward our boundary. The iron development in the northern part of the state

justifies the building of this road, which is now carrying to lake Superior ports

about 400,000 tons of ore per annum from the mines in its vicinity. The ore

Iron develop- deposits are very large and exceptionally rich, being of the red specular

MijHiesota. Variety, and as a rule of a Bessemer grade. The present centre of this iron

region is the town of Tower, on Vermilion lake. Two ranges of iron are found

here, the Vermilion, which practically yields all the ore at present, and the

Fig. 12. Theoretical folding of the Vermilion series of schists.

m. Granite, n. Gneiss. I. Mica and hornblende nchists. o. Greywacke. p. Argillite. r. Sericitic and
chloritic schistii and iron ores.

Parallel ranges
of ores.

The Tower
mines.

Mesabi, twenty miles further south. The ore in the latter is said to be more

magnetic, and is found in a blanket or flat formation. Possibly another

parallel range o scars to the north of Tower, in Hunter's island in Ontario,

where iron ore is found. The deposits at Tower have been opened up in

several places, and are in a position to turn out 40,000 tons a month. They

are known respectively as the Brighton, Tower, Ely, Stone and Stuntz mines.

The ore dips 70" north, and strikes about east-north-east and west-south-west.

It varies from 100 feet in thickness at the Tower mine to ore bodies of 20 to

50 feet in thickness as worked at some of the other openings, and occurs with

jasper to the north, dipping to the north, and talcose or chloritic shales on the

south side. It is stated that the ore always dips to the jasper and under it,

that is, the jasper is found over the ore. Fig. 12 shows a theoretical cross-

section of the Vermilion range, taken from the report of the Minnesota

Geological Survey for 1887. From this it would seem that the strata of the

formation have been folded to the form of a synclinal trough, in the middle

of which the ore is found. If this be a true section it may be inferred that

the ore body is of limited depth, being circumscribed by the folds of the

formation.
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Dip of the Off-

At the Xorth Lee mine, half a mile south of the Tower miiu; range of

deposits, a body of ore varying from '20 to 50 feet wide runs east-north-east .\.>rih Lee

and west-south-west, and dips to the south. It lies with jasper on tlie south

side, and " soap rock '" or a elose grained chloritio diorite, partly decomposed

near the ore, on tlie north side. The ore is worked in an open cut by stopes

50 to 60 feet high, clianging to a jaspery rock at the end of the cut ; but at

«J this mine the ore has too much pliospliorus for Bessemer

iron. Fig. 13 represents the run of the tuo ore bands

half a mile apart. The northern ore band dips to tlie

nortli, and the southern at the Xorth Lee mine dips to

the soutli, although the formation, as exposfd before

reaching the excavation on the ore, dips to the north. t"J>^''es-

tcit/i tina streak--, 0/ jayn'r Ihe lomiation close to the Xorth J^ee mine consists of
and qiiartzite. c. Clilnrilii: 1,41 : •

, , ,1
sha'e/. /.Jasper, j. D'un-it,-. alternate layers ot jasper, grey qiiartzose rock, quartz and

specular iron ore, making a very handsome rock, with white, grey and red

streaks. These ranges come to an abrupt end in a short distance as far as

tracing the ore is concerned, but ^j- - „. _
*—>^

in a north easterly direction they ;
' ,

^
'" ~^ '^^^

,^

extend as far as Ely, a distance
^ :£ r'l

of about "21 miles. A railway Fru. l-l. b.ShuU'. c../us,,cr. f. .Ja<,>fr an l shal..- mix-l.
1 1 j_ ^ 1 j_ j_i 1 ii li. Slialra. !. Dmrilc. j. (Jrr. a. Jd.-^/jcr iritli ore .itrii) i'-r.s,

has been constructed to the latter
j;,. 0/r «/(iO<'-^i'L'/'.

"

point, a distance of 96 miles from Duluth, or 70 miles from Two Harbors

on lake Superior, vvhich is the shipping port for ore. At Ely a large mine The Ely mine.

has been opened np during the year, and considerable quantities of ore have

been shipped.

Statements procured from miners and prospectors at Tower and Ely are

appended, which give important information on the work carried on at this statemems uf

place, as well as of explorations farther north and on the Ontario side of the prospectors.

International line.

D. H. Bacon—I am manager for tlie mining company at Tower. The total

capital of the company is 814,0;JO,000 all paid up, and it owns bcitli the railway and Iron mining at

the mines. The company received from the state of Minnesota a grant of 5o '.(,0.)
J"^'''^'^'

•^^i"'^'^-

acres of swampland besides 2,00.) acres at Two Harbors, its port on la e Su]ieri<ir,

and 12.001) acres of mineral land at Tower. The railway extends from Duluth
through Two Harbours to Tower a distance of 91! miles, and recently has been
extended to Ely a further distance of 21 miles, it was completed from Two
Harbours to Tower in 18S1, (the first cargo being shi])ped in August of tliat year).

and from Tower to Duluth in December 1886. in 18^5 the total sliiiniu'Ut of oro
over the line was 75, Ol) I tons ; in 1886 it increased to 350,0 lO tons and in 1^87 to Shipments an<?

392,000 tons ; while to the end of August, 18ss. it was 25 t.OOO tons. The prices re- ''''''^« o'" ^'^e.

alisedfor the ore have ranged from 82.75 per ton for low grade to 83.50 for highest
in 1887, and from 82.50 for lowest to 83. 25 for highest in 188"^. The com])anv
employs 1,0 K) men in summer and 759 in winter, and its piy-roll for the month of

July last was 851,0)0. Four thousand jieople are depending ujion the industrv
for a living at Tower. On the develoiied mines of the comi)any diamond drill

explorations have been made to depths of 300 to 400 feet, showing widths of ore at

these depths ranging from 38 to 50 feet. The earnings from its mining operations
over and above all expenses to ]May 1st, 1888, were 8473.873.

Mlduiel (fKccfii—1 have explored pait of Hunter's island north of Emerald
lake, and traced a de])osit of iron ore for some distance northward. I think that Fxpiorincr

it passes under a lake about five miles lon<r. as I found outeropp ngs beyiMid the "'i-t-r'* :sl^nd.

lake. I have traced the deposit a total distance. of ei'jjht miles, and the width
varies from 50 to 300 feet. 1 have taken up a location of 80 acres. The specimens
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I have from this location are very hard, and one of them is jaspery. I understand
that at one of the mines at Tower the jaspery ore and rock was 40 to 5U feet in

thickness.

James Sheridan—I have explored Ontario on the north side of Knife lake. I

Exploring- have found iron ore and bought a location there. I consider that it is in the same
Ontario north of Huronian belt as the Vermilion range. The ore is mixed with jasper in the same

manner, and the walls are diorites and chloritic slates. The deposit is 90 feet wide
and assays run from 47 to 56 per cent, of iron. I think it will average about 50
per cent, of iron, and it is low in phosphorus and sulphur. It is a red hematite,
but somewhat hard and silicious. *Tlie bed cm be traced for three miles along the
strike. Only a small part of the country has as yet been looked over.

Mr. Sellwoocl—I am manager of the Chandler mine at Ely. Work commenced
regularly < n our property last winter, but previously it had been well explored by
diamond drilling. An open quarry shows a large extent of crumbled hematite ore,

and a shaft has been sunk 100 feet into the deposit with drifts east and west about -lOU

feet ; 190 miners and about the same number of striji^jers are employed, and the
pay-roll is $12,000 per month. The owners of this jjroperty are the i^rincipal share-

holders of the Minnesota Exploration company and of the Minnesota Mining com-
pany, but the stock has not yet been assi jned. I have explored the country 65
miles to the eastward and found a good quality of black ore.

Mr. Sloan, a Canadian from the vicinity of Montreal, showed a specimen

of magnetic ore of very good quality, found within seven miles of the frontier,

froiitier^

ntano
^^^ ^^^^ ^1^^ Commission that he had seen samples of good ore found on the

Ontario side.

William Sedgwick, superintendent of the Barnum mine at Ishpeming,

Michigan, gave information relating to the occurence of rich iron ore on

Ontario territory, on the north side of Gunflint and North lakes, and pre-

sented specimens taken from these districts. Following is a sketch of the

region furnished by Mr. Sedgwick :

Ore specimens

Rich iron ore
in Ontario
territorj".

Ounflint and
North lakes
district.

Sy_£nite_
.5'

GalSro

Fia. 1-5. Sketch of section of country in Ontario near the boundary. Scale, 120 chains to one inch.

Mr. Sedgwick has supplied the following information respecting the iron

ores in the vicinity of Gunflint and North lakes :

On the north side of Gunflint lake there is a rich magnetic iron ore suitable
for making Bessemer steel. It analyses 68 per cent, iron, .0.^8 per cent, phos-
phorus, no sulphur and verj^ little silica. I satisfied myself that there was at least
25 feet in thickness of this ore, but how much more I did not wait to determine, lest
some one would take advantage of my discovery and purchase the property from the
Government before me. I also obtained specimens from drift boulders and ledges
of good qucility ore at several other places on the north side of the above mentioned
lakes. I visited this locality last summer and had with me an experienced explorer
and a party of miners, but the question of transport is such a serious item that under
present circumstances it is impossible to do any work of development. I consider
that the only possible way to have the iron worked in this locality is to build a rail.
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s.w.

:©:

Fig. 16. Formation at the Blairton iron mines.

road ; and that before work enough was done on the iron ore deposits to prove their

size, and therefore justify the construction of a railroad, means of ingress and egi't ss importance of

is an absolute necessity and should at once be provided. This can be done cheaply by
niJlni^^t^""^"

continuing the road from Silver mountain to Whitefish lake, and making a good
road over the few intervening portages between Whitefish and North lakes.

MINES AND LOCATIONS IN EASTERN ONTARIO.

The Blairton iron mine is on lot 8 in the 1st concession of Belmont, in

the county of Peterborough, and has been fully described in Sir William Blairton iron

jj g Logan's Geology of Canada, 1863, page 676.

-i

—

A large and deep excavation has been made,

150 feet wide by 250 feet long, but it is now
filled with water. A second opening, also

full of water, lies to the south of the first,

but is much smaller in size. On the east

side the deposit is over-capped by Silurian

-,.,.,., , ,
/' limestone, while the west wall is a iasperv

e. Silurian limestone, f. Jaspery quartz- ' J f J

ite. j. Ore and accompanyimj rock matter, quartzite. The Strike of the deposit is to

the west of north. The ore as seen on the dump is a rich magnetite. In the

smaller pit ore of a lean character is seen dipping to the north-east, but else-

where it has been mined away. In the wall, quartz and serpentine matter

predominate.

The Wallbridge mine in the township of Madoc is a well-known ore bed

of excellent hematite. A lense of ore has been worked down to quartz rock, Wallbridge minef

which rock is also thrown up to the north-west side along with crystalline

limestone. This deposit has the character of the Huronian hematites seen in

northern Michigan.

The Coe-hill mine is situated in the township of Wollaston, in the

county of Hastings, at the northern terminus of the Ontario Central railway. Coe-wii mine.

Three shafts have been sunk upon the property along a s.e. n.w.

north-east and south-west line, but as they were filled

with water the ore body could not be examined. Its

apparent width where excavated seems to be about 40

feet. The dip is 45° south-east, with syenite on the

hanging wall and diorite on the foot wall. A large

quantity of ore (about 30,000 tons) lies on the dump.

It seems to be a rich quality of ore, but some of it car-

ries iron pyrites. Fig. 17 is a section of Coe-hill mine, as given by

Mr. Coe.

The rocks north of Kingston, as exposed along the line of the Kingston

and Pembroke railway, are chiefly crystalline limestone, gneiss and syenite. Formation on the

and as a rule no diorite or greenstone dykes or bands are prevalent. An
exception is found, however, nearer to Kingston than the chief ore deposits,

where phosphate of lime is found in pyroxenic rock. The iron occurs with

the crystalline limestone and sometimes enclosed in it ; or more often with

one wall of gneiss or syenite and the other of crystalline limestone. A certain

amount of pyroxene is always found with the magnetic ore. No hematite has

as yet beeen developed along the line of the railway.

Fio. 17. Seciioii of Coe-
liill mine.

i. Diorite, 2Sfeei. j. Ore,
U5 fret. tn. Granite, u.
Syenite.

K. & P. Railway,
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The Glendower mine is situated in the township of Bedford, in the county

«lendowermine. of Frontenac, four miles east of the Kingston and Pembroke railway, with

which it is connected by a switch built in 1884. Crystalline limestone forms

the wall rock on the south side of the ore occurrence, and a coarse-gi ained

grey syenite forms the country rock on the north side, but the limestone forms

the immediate wall rock on both sides next the ore. The ore is a magnetite,

mixed with pyroxene and calcspar masses. The bed seems nearly perpendi-

cular, but dips slightly towards the south. The ore exposed on the dump
carries a considerable percentage of iron pyrites, which however is said tO'

be local ; the shaft is filled with water. Ore has also been mined as an

open cut into the side of a hill, where it occurs as parallel bands in the lime"

stone. It is coarsely crystalline and mixed with hornblende in places, the

latter carrying iron pyrites with it in the rock. Most of the ore at present

visible seems to carry some pyrites. The ore formation strikes nearly north-

east and south-west, and it is stated that the belt is traceable, as indicated by

deposits, for 20 miles to the north-east. The railway cutting along the switch

shows a great many crystals of hornblende in the limestone, running at places

in veins or streaks and dipping and striking at all angles.

The Oalabogie mine is in the township of Bagot, county of Itenfrew, on

Calabogie mine, the line of the Kingston and Pembroke railway. It has been worked for 400 or

500 feet along the strike, and, it is stated, to a depth of 100 feet, but the

^

opening is filled with water. The dip is 35*^ to the south-east and the

strike north-east and south-west. The deposit consists of a banded series of

pyroxene schist and pyroxene rock mixed with much calcspar, micaceous in

places. The ore occurs, especially in the lower part of the series, bedded in

with the rock, but what is visible is low grade. Above the over-lying ore

series is a thick bed of greyish and yellowish limestone. It is the property

of the Calabogie mining company.

Calabogie mine No. 4, also the property of the Oalabogie mining

Calabogie mine company, is on lot 16 in the 8th concession of Bagot, a mile and a half in a
°' ' direct line east of the Kingston and Pembroke railway. The ore bed strikes

north-east and south-west, and dips at a high angle to the south-east. The

opening is about 20 feet wide, but no ore is visible at the outcroppings

excepting some of a low grade. A considerable quantity lies on the dump,

and is a compact, glistening, magnetic ore mixed with some crystalline

limestone or calcspar and a little dolomite and pyroxenic matter, and also

iron pyrites in places. The ore occurs with homblendic schist, a giey

quartzose rock and a micaceous schist. Felspar is present in small crystals.

This ore is said to have too much phosphorus for Bessemer.

On lot 16 in the 9th concession of Bagot is a location owned by Mr. Coe

Coe location ^f Madoc. It is on the same range as the previous mine, and lies about 600

feet to the south-west of it. The ore as here exposed is a magnetite, and has

been shown up by an open cut into the formation, but as it was lull of water

only the outer part could be examined. The ore alternates with pyroxene

rock and calcspar, and is shown to be 20 feet wide by the cut. It occurs in

bunches, the north side of the cut showing a much larger quantity of ore than

the south side. It appears to be a good, rich quality of ore, and it is reported
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that this iron range can be traced for two miles running in a north east and

south-west direction.

The Wdhur mine is in tlie township of Palmerston, in the county of

Frontenac. on the lino of the Kingston and Pembroke railway. Th.-re is an ore- Wilbur mine.

bearing formation with gneissic rock for foot wall, and lying between two

bands of crystalline limestone. The ore occurs as lenses, and is cliiefly

associated with pyroxene in various forms. It is close textured, of greyish

g Tff s.E. color and mixed more or less

"'K)'

with pyroxene. The strike of

the formation is south-east and

north-west, and it dips 3")^
Fig. is. Section of voiintrv at Wilbur mine.

e. Cr^^tamue Ume^toue. i. Oro Mnnalionicilh honMend,c ^^ *ll« SOUth-east. Fig. 18
matter. ,n. Granite hias. n. GneU,. represents a section of country

at the Wilbur mine. Five openings have been made within a distance of a

quarter of a mile, in some of which the ore lenses have l)een worked out. At

the south-west end it is still said to be holding out in the workings, and in the

other direction boT-ings have been carried on with a diamond drill in the hope

of discovering other deposits, x.w. s.e.

Fig. 19 is a section of the ore

formation as seen at one of the
'

openings. Where quartz occurs \

with the ore pyrites comes in,

but as a rule no pyrites is found
f,.;. 19. e. Cr„.taW.ie Uou-.to^,.. ,: MixMUme^tone with

with the ore. The ore lens near ("""-':":'r,;:f'';!f ^'^r"^ Jv^w r'^'.^''-'""'"';^.?^^
[quarts til faaci'x). n. irrni ana reddish rjneiss. .v. Ure tied

the top has been sunk down -<;;''''t'V'*''''lT/ ''f
'''"''//''

'*;f''"r
-^'"7'^

r /. liand (if quartz (til in). «•. llnrnlntrndicsrhtxt and compact

upon to a depth of 180 feet for puroxinicn.ck with ore streaks.

an average width of about 50 feet. The miners are now working out the

ore at the surface, and throwing the refuse rock into the pit from which

they say all the ore has been taken. The diamond drill was occupied in

boring toward the north-east end of the prospected ground, and 40 feet

of ore was reported to have Ijeen crossed, towards which a gang of miners

was commencing to work from the otttcrop. The drill we v/ere informed

goes through 40 feet of crystalline limestone per day.

A number of hematite locations in the township of Darling, county of

Lanark, are held by Mr. Bell of Arnprior. They consist of parts of lots 22, Bell's hematite

23 and 24, and lots 26 and 27 in the 11th concession, and lots 2fj and 27 in

the 12th. Where exposed the ore appears as gash veins or irregular masses

of hematite, varying from six inches to twelve feet wide, and occurring in a

breccia of calcspar with the same as a lime matrix, and the general run of

the ore is with the formation. In places the hematite is the matrix of the

calcspar masses. Openings have been made in several [daces, but very little

work has been done on the property. This hematite carrying formation is

reported to run north to the Ottawa river, near Arnprior, and south to the

Perth district.

At the Arnprior mine, which was opened many years ago, Mr. Bell

states that 10,000 or 15,000 tons of hematite was taken out, when the work Arnpriormin*.

was stopped in consequence of the ore l)eing cut olf by a fault. The run of

9(M.C.)
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the ore at this place is stated to be north-east and south-west, and is 40 feet

wide. The same vein is said to have been traced for five or six miles.

Hematite mixed with a dark-colored shale occurs near the village of

Taniwoith, at the terminus of the Napanee and Tamworth railway, in the

township of Sheffield, county of Addington. Several pits have been sunk at

points from 20 to lUO feet apart, from some of which red ore has been taken

out ; but in every case the pits ran into crystalline limestone, which underlies

the occurrences of ore and crops out about 200 feet off. The quality of the

ore varies from very lean to rich hematite, but there are no signs of the

existence of it in large quantity.

The Commission had not time to visit the Haliburton district, but it

will be seen that much evidence has been given bearing upon it. One of the

Commissioners, however, has visited the district, and from what he has seen

and the information he has gathered he does not doubt that there are a large

number of iron ore occurrences throughout an extensive section of that country-

Some of the ores are of great purity, while others will require calcining to

remove the sulphur; but development is needed to prove the quantity in

which they exist. Some large deposits are reported, the ore of which contains

too much titanium for use. Operations are now being carried on at the How-
land mine, some account of which is given in Mr. Pusey's evidence.

Thomas Ledyard—I have been giving a good deal of attention to mining mat-
ters, mostly in Ontario and not very far from Toronto. We have large quantitieg

of iron ore extending over a considerable space, commencing at Peterborough and
go ng north-east to the Ottawa rivor, and commencing at Haliburton and extendng
up the Alg ma district. I have nob examincJ many of the locations personally,

bub 1 have had many .^iiecimens of ores sent to me from all patts > f Ontario. I

have specimuus of magnetitii from over fifby different places. In some of the cases

I know there are large deposits; in others they require to be investig ited. I

know of twenty-five different deposits of hemitite, some of them no doubt large

and some not sufficiently developed to tell yet. The proportion in which the

samples have come in has been about iwo of magnetite to one heniatite. Thee is

a dej)osit 100 miles east of T(jronto, aboub six miles north of Blairbon station, Cana-
dian Pacific railway. Professor Heys examined it, and reported it was a bed of

m ignetite 40" feet longf and 250 wide in some places. Experts think 300 or 400
tons a day could be got easily. Mr. Heys made an estimate that there were a mil-

lion tons within 100 f et of the surface. We put three pits down and several

or Si-cuts, and it appears to be a solid deposit. The pibs are only 10 or 12 feet

deep, and they seem to get into solid ore. Tlipre is no question but it is a solid

bed of ore. As to the quality, analysis by Professor Chapmin gives iron 64.26,

phosphoris a trace, sulplmr .04 ; titanium none. Broadman's analysis gives iron

65.36, sul|)hur a trac % phosphorus .002, titanium none. Analysis of the Joliet

Steel Co., iron 66.29, manganese .042, phosphorus .024, silica 3.19, titanium

n me, sul hur none. Analysis by the Cambria Iron Co., iron fi-<. 85, phosphorus
.003, sulphur a ti'ace and siiica 1.9(1. To reach the mine would n quire a spur line

of f 'ur miles from Blairbon village. The Snowdon mine is situated on los 25,

26 and 27 in the 4th concession of Snowdon The railway runs through 25 and
26 and m front of 27. On lot 26 there is a shaft down about 80 feet and is said to

bj in go id ore. There are several .diovvs on the three lots. The ore is a magnetite.

Oil 27 thi-re appears to be a vein 40 feet wide by 6JO feet long ; all over there

appear to be simdar shows, jud,<j;ing by the needle. Ana'ysis No. 1 of this ore

sho \s iron 62. •')7, phosphoru < .025 and sulphur a trace. Analy.sis No. 2, iron 63,

ph(jsphorus a trace aid sulphur .023. Analysis No. 3, iron 62, phosphorus a trace,

sulpiur .025. The analyses were made by chemists of different works in Pittsburg.

In two hundred tons of this ore there was hardly any sulphur. There was more
sidphur ill Pusey's mine, but they seem to have got through it there, and down the

shaft they .«<ay the ore is very free. On lot 27 there is only one place where it

shows sul^jhur at all. Professor Chapman made an analysis of the ore from 27 in
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the 13th of Galway as follows : iron 62.87, phosphorus .01, sulphur a s'ighfc trace.

From lot 23 in the 12th, iron 62.60, mano;anese l.'^V, phosphorus .002 and sulphur
a slight trace. There was no titanium in any of those ores. On 26 in the I2th
there appears to be a large vein, 60 feet wide ; it is a difiicult place to commence
working, as tlie vein appears to be at the bottom of a creek Analysis of Profes-or
He\s of ore from 16 in the 16th, iron 6'), phosphorus .04, sulphur .02. There
is an analysis from :he 14th concession, I don't remember the number, iron 70.04,
ph' s])horus a trace and sulphur a trace ; no titanium in either. All these ores
should be laid down in Toronto at a rate not exceeding 60 ( r TO cents a ton.

Charles J. Pusey—I reside at Irondale in the county of Haliburton. and am
engaged in building railways and operating mines. We are building the Irondale, Railway con-

B.tncroft and Ottawa railway, extending fiom Kinmount to Ottawa. It is an inde- struciion.

pendent line and there are ten miles graded and ironed. It is being built lo serve
the mineral interests of the district. I am president of the Toronto Iron company,
which was organised in 1881, and the subscribed capital of which is ^I.")0,000, all paid Properties of the
up, principally in properties. We have five locations, one of which we lease, but Toronro iron

the others are owned in fee simple. Two are situated in Snowdon and three in company.

Glamorgan. There are lOO acres in the leasehold property and 700 in the (jther
four. We have found minerals in each of these five properties ; on the k-asehild
we have magnetic ore, on the next lot brown hematite, and all the others are
magnetic. We have done s )me development on the leasehold property. It is

situated on lot 26, concession 4 of Snowdon, and is known as the Rowland mine.
We began operations there in 1880 and have worked it at intervals since. We are Howland mine,

at pr sent sinking a shaft and have twelve men employed. The surroundino- rock
is crystalline limestone. We have found no walls yet, and therefore cannot give
the width of the vein, for it is a vein unquestionably. We have fimnd an outcrop
ab lut 25 feet in diameter. We sunk a shaft 12 by 24 feet, and are down now about
70 feet. At a depth of 2o feet the work was enlarged by extension towards the

walls in the form of an ellipse, the longer
axis of which is about 65 leet and the
shorter about 35 feet, and this was carried

_^
to a depth of about 25 feet. There was

I /^^T^ '
^~^N, /

'

i^o ^^11' but solid iron ore and accompany-
b

—

k --H 6s'~ Ai--^ i'^g ^o<^k- At the depth of that ronm it

D'-'^
^ j^ was narrowed down to 25 feet, and carried

^,t<--2«-—>/f ?
to a total depth of 65 feet from the

p [
\ surface. We are now 10 feet below that,

r '^, / ^ narrowedtothesizetf the shaft, making 75

^ , ! ,

j

I

or 77 feet from the outcrop. The quality
^"'^-^

" of the ore so far as its freedom from
Fig. '20. Cross-section of Howland mine. phosphorus and sulpliur is concerned is

about the same all the way down, but it
varies m its freedom from rocky matter. The value of the ore has increased as we
have gone down, as there is a decrease in the amount of the less valuable ore. The
best ore ranges from 55 to 60 per cent, of iron, and shows only .005 of phosphorus
and .06 of sulphur. In the lower workings there is a large prop'rtionof yood ore,
but higher up there was about an equal proportion of low grade and high g ade
ores. Analyses of the ore have been made by Prof. Chapman, the Cambria''lron Analyses,

company, Booth & Garrett, and by the Troy Steel and J ron company. The analysis
made hy the last named company gave metallic iron 59.50 and phosphorus .005.
We place the standard of shipping ore at 58 or 60 per cent, of ir .n, and have thrcnvn
out a great deal that did not come up to the standard. We shipped about 1,500
tons in 1881 and 18-12, but have done nothing since then except about 100 tons
last summer. The first named shipments were made to the Cambria Iron company.
It was mixed with their own ore and the smelting Avas very satisfactory. We
have now a contract with a large steel company which will u-e nearly all we can
produce for a while. They will take from 500 to 1,000 tons a month if the ore
will suit their mixture. There is a gooil market for our ores in the United States.
Ouroreisatreer working ore than those of noithern Michicfan, as it contains a t™n
great T proportion of lime, magnesia and aluminum. The Imperial mine is
situated on lot 33, concession 3 of Snowdon, on the south side of Burnt river.
It IS about 400 feet long, 2.0 feet in breadth and about 60 feet high from the water
evel. it IS a deposit of brown hematite. The general course of" the wall is north-
aat and south-west. It occurs on the north in gneiss rock and on the south in a
rystalline limestone formation. On the east side the land is low, sandy and



132

Pine lake loca-

tion.

National loca-

tion.

New York loca-
tion.

Mining proper-
ties discovered.

marsli3% and the west side is a continuation of the range of hills. It at'pears to be
a solid deposit. We have gone no depth into the hill, but have tried the surface
in various places. We bave had an analysis of the ore and it shows 45.82 of metal-
lic iron. Pliosphorus is very low, there is no sulphur or titanium, but a little lime-

and a large amount of silica. The analysis made by the Cambria company
was of ore that would be considered a fair shijjping sample- Prof. Chapman made
an analysis of the poorer ore, so that we might see what its bad qualities were. It

showed 36.17 per cent, of iron. The next property is beyond the railway as
constructed, but is within a quarter of a mile of the line as it will be built. It is-

on lot o5, concession i of Glamorgan, and is known as the Pine Lake mine. It is

a magnetic iron ore, and runs from about a2 to 55 per cent. It is low in phosphorus,
but has a considerable amount of lime and titanium. A g. >od deal of development
work has been done on it. The deposit has been traced about 2,000 feet on the
crested hill, and in some places the vein is 200 feet wide, but it will average
about 100 feet. In the break in the hill where the vein is shown it is about 80
feet wide. It contains about 9 per cent, of titanium, and is practically valueless
unless it can be used with our other ores for home manufacture ; it would not do-

for shipment. An examination of the mine at l^ine lake will satisfy anyone that it

is not a pocket, and if that is not a pocket there will be other deposits of iron that
are not pockets. We have never found it necessary to go more than five feet down
to strike ore. The next is the National mine, lots 30 and 31 on concession 13 of
Glamorgan. No development work has been done on it. The needle attractions
show that it is greater in extent than even the Pine lake property. We have had no
analysis of it. The next property is called the New York mine, and is situated on
lot 27 in concession 15 of Glamorgan. It is the richest ore that can be found. At
one point we sank a pit to get at the extent of the ore. W^e have traced it by the
needle only, and we could follow it 400 feet in length and 30 feet in width. There
is another occurrence on the same lot as shown by the needle, but there were na
outcropping^ and we have done no work on it. This ore was analysed by the Cam-
bria company and Professor Chapman, and gives over 70 per cent, of iron, barely a
trace of phosphorus, no sulphur and no titanium. It is about five miles from the
proposed line of railway.

James B. Campbell—I spend a good deal of my time at Kinmount and have
been engaged examining timber lisnits and exploring a good deal within the last

few years. I have prospected in Peterborough, Victoria, Haliburton, along the
K. & P. railway and along the north shore a good deal. Altogether I have been
about fifteen years in that business, but not constantly. I discovered the Snowdon
mine and most of the deposits in that country, the Paxton mine, and Pusey's mine.
There is one opening at the Snowdon mine of 40 feet, and another of 20 or 25 feet

at the extreme north end The 40 feet opening is about a quarter of a mile to the
south. There has been some stripjiing between the two points. A considerable
amount of ore was taken out, and there is a considerahie quantity lying there yet.

The Paxton mine is situated on lot 5 in the 5th and 5 in the 6th concession of Lutter-
worth and about 2^ miles above Kinmount. A considerable quantity of the ore
was hauled 2\ miles to the railway and shipped ; it has not been working for some
time. The shaft is down about 20 feet. There is a considerable exposure in

sight. Analyses by Professor Chapman show that it is a fine magnetite and to a
great extent self-fluxing. The Pasey mine is composed of lots 26 and 27 in the
4th cncession of Snowdon. There is one shaft down to a depth of 80 feet, and I

am told there is ore all the way down. The vein is not largely exposed, but on the
property there are surface croppings. It appears to be a large bed of magnetite. The
largest deposits are supposed to be on Pine lake, about the boundary line between
Glamorgan and Monmouth. There has been no work done there. One can see
samples and stainings on the surface over an area of 100 acres. There is a dei^osit

on lots 30 and 31 in the 12th of Glamorgan. I think it is a specular ore, but I do not
know the analysis of it. On lot 34 in the 6th of Snowdon there is a little deposit of
hematite. I know of a deposit near Haliburton, but cannot give the lot. I have
seen a great many other deposits, but am only speaking of those I consider
worth looking; after. The Pine lake deposit is about 12 miles from the railway ;

the others are within about two miles of it.

John Stewart—lam a mining engineer and reside at Ottawa. I think, judging
from the amount of development done in Hastings and on the line of the K. and P.
railway, that there is no doubt about the permanence of iron mines in that region. I

worked at the Wallbridge hematite mine. It was a large mass of ore in dolomite^
with no defined walls. I think hematite is likely to occur again in that region.
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The difficulty in exploring for it is that the needle will not lead to it ; one has

to spend time and money to find it. There were outcroppings on the surface at The Wallbridge

the Wallbridge. It had been wm-ked in prehistoric times, but trees had overgrown ™'°®-

the works. Tools were found there, deer horns, bone implements and such like. I

found a human shin bone. In the Old Country I worked in the hematite mines in

the Isle of Man. I visited about all the mines in Cumberland ; they are in large

masses. The ore does not occur in them like bog ore or brown hematite on the sur-

face, but in the rock ; ifc is soft and is mined with a pick.

R. G. Clute—I am a barrister residing in Belleville and am interested in mining

properties. I am interested in the lot immediately adjoining the Coe-hill mine. Various locations

It is called the Station mine, and is composed of lots 17 and 18 in the 8th of Wol- |."^"^^"°^^

laston. I have the property in Marmora known as the Maloney mine ; another in

the township of Lake, known as the Mountain mine, composed of lots 15, 16, 17

and 18 in the 4th ; another lot I think in the 2nd concession of Faraday ; three

locations in the 2ad concession of Wollaston, four mileS south from Coe-hill
;

another in the township of Madoc, in the 5th concession, I think. All those
.pj^^ g^^^j^^^

deposits are magnetic. At the Station inine pits were sunk at different points with location,

the object of ascertaining the surface extent of the mine. The width varies fr.»m

20 t > 6 ) feet, and the length about 1,3 jO feet. The strike is about north-east and
south-west. It has not been explored with a diamond drill. The ore has been
analysed, and it shows a slight trace of sulphur, a slight trace of phosphorus, but
no titanium. The analysis was mnde for Carnegie's establishment in Pittsburg,

and my recollection is that the iron was 60 or 62 per cent. We did not send a

large quantity, just a specimen.

Charles Taylor—Sometimes we get very good shows of copper and iron pyrites

in the actinolite district. There is a large bed of iron pyrites in Hungerford, south 'of Copper and

the Shetiield station. It is from four to six feet wide, and I think it extends over a ^'''^ pyntes.

large area. A pit has been sunk down 30 or 40 feet, and it can be shovelled out.

A gold crusher was built uprin it once, but there is only a show of gold.

H. H. Wallbridge—I reside at Belleville. My sisters and sisters-in-law are

interested in the old hematite mine and other mines near Madoc, but more Waiibridge's

particularly in a lot of 49 acres situated about two and one-half miles from the ™^"®-

village of Madoc, being on lot 10 in the 6th of Madoc. It is between Madoc village

and the hematite mine. About lOO tons have been quarried ; work was begun about
the rime the mines shut down, and nothing has been done since. 1 think it is con-

nected with Seymour's mine, and extends about "200 or 300 feet. It is about a mile

and a half from the Seymour mine in a direct course. I think there is a large

amount of ore, and wa would be working it if there was a market. A good many The Sexsmith

thousand tons have been taken from the Sexsmith mine. It is less than three- n"ie.

quarters of a mile from the railway.

Leaiuird Wager—I think it must be about twenty years since I first noticed ore

on my property at Tamworth. About 1878 I dug out some of the ore and examined Shows of hema-

it. After tbat the railway company put down four pits about ten feet deep. They ,vorth.

cleaned out a pit 10 by 15 feet and the ore went down about three feet till it struck

the white rock. On the surface it is about 10 feet wide, the ore dipping under the
grey ro^k. Afterwards Air. Rathbun set a few men to work for about three weeks.
After that Mr. Bromau, an experienced miner from Minnesota, did some work. He
likes the ore and is prospecting still, but cannot yet say whether there is any large

amount of it. Altogether about 25 tons of the ore has been taken out ; it is a very
good hematite. I can trace tlie ore on the surface for about 80 rods. I do not
know of any other shows of ore about this section.

Joseph Bawden—I have been connected with mining enterprises for at least

twenty years in the county of Frontenac. I have been interested in both iron and The Glendower

phospliate properties. I have been connected with several companits engaged jj^ '"•"'"S''°'"P"^'*J'

actual mining operations— the Glendower, the Zinesville and Bedford companies.
After some yeai's spent in developing the propertv, the Griendower company was
formed in 1873 and mining was continued by them for about seven j^ears, during
which time they took out some 12,000 tons of ore. The capital stock of tjie company
was 350,000, and was altogether held by Americans. They worked the property in

Bedford under a lease at a royalty, and at the end of the seven years they gave up
the lease. The royalty was 20 cents a ton, in addition to which they paid a sum
down at the commencement of the lease. Afterwards a c nnpany was formed by The Zane8>-ille

capitalists in Cleveland and Zanesville, Ohio, under the name of the Zanesville
^"^^^ ^'

company and a branch railway was constructed to one i f the mines formerly worked
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by the Glendower company. A large plant was erected and operations were carried
on upon an extensive scale for four or tive years. The Zanesville company w is formed
in t .e fall of 1882, I think, and was merged into the Kingston and Penibioke < om-
pany in i887. The capital of the Zanesville company was $200,000 paid up stock. I

do n.)t know the amount of ore that was taken out by it. Sulphur occurs in the
mine at a depth of 120 or 130 feet, but none was noticed until that d-pth was-

reached. The Glendower company was composed of furnace owners at Elniira, N.
Y. They to k tae ore there and I have t^eir testimony that they were well pleased
with it, as were also the members of the Zanesville company. The ore ran better
during the mining by the Glendower than during the time of the Zanesville com-
pany. I think the Glendower did not remove any less than GO per cent. ; the
Zanesville company c lok as low as 5 I per cent. The difference might of course be
caused by selection. The ore during the Glendower company's time had to be
hau ed by wagon or sleigh to the Bedford stati )n, a distance of some four miles,

and that had something to do with their giving it up. When the Zane-ville com-
pany commenced they had the railway brought into their mine, and it was shipped
from K ngston to Cleveland. The Glendower couipany took it to Fairhaven. The
Bedford mining c imp my was organised last year and I am the manager. The
capitd stock is .§-'50,0J0 all paid up. Sir Richard Cartwright is the president; I

am manager and secretary. Our properties are altogether in Bedford ; lots 7 to 11
inclusive in the otli ; the north half of 7 and the south half of 9 and lot 8 in the 4th;

lots 2, 3, 4, and the west half of 7 in the 7tli ; lot 2 in the 6th ; lot 1 aiid ihe west
part of 3 in the 5th

;
jjart of 1 and all of 4 in the 4th ; lot 2, the north half of 3, the

south half of 5 and the east part of 6 in the 3rd ; the north half of 2 and the .-^outh

half of • in the "ind. This makes altogether about 3,000 acres. We have pros-

pected red hematite on 2 in the 7th, pkuubago on 2 in the 6th, and also on 1 in the
5th ; magnetic iron ore on 2 in the 3rd, and also on lot 8 in the 4th. We know of

the existence of phosphate of lime on the west half of 7 in the 7th. We have had
phosphate mined for us on the east part of 6 in the 3rd ; also led hematite on 2 in

the 7th. The accompanying rock is a crystalline limestone ; it is on the border of
Birc lake. Tlie magnetic ore is found against crystalline limestone, with horn-
blende or granite on the other side. In one occurrence the hornblende is

on the north and the crystalline lim« stone on the south. At Black lake we
have thfi granite on the north side and I think crysta line limestone on the
south side, but I cannot speak positively as to that as it is under water. The gr.mite

in Bedford is, 1 think, mostly on the north side. . The course of the iron deposits

is north-eist and south-west. Tije width of the red hematite as far as traced is

about 40 feet but I think it is abed and extends further ; I think it extends under
the lake. We have traced it about 300 feet. It has never beeen tested. There is

no titanitun in i , but there may be some sulphur, as there generally is in the red
hematite of this c .untry ; there is no phosph(jrus. The magnetic ores have been
analysed. The ore from the Glendower mine runs all the way from 50 to 60 per
cent. ; the Glendower is just on the border of the Bedford property, and the ores

on our property are I think equally as rich. The Black lake property was under
prosj) ctmg lease (lot 8 in the 4th) to the Bethlehem mining company, and some
50 tons of very rich ore have been taken away. At the time it was under lease

there we e great difliculties in the way of tiansportation ; since that time a canal

has been cut from Thirty Island lake to Black lak'^, which will make it navigable

a'l t e way, and the ore can be brought down to the p-rmanent track at Thirty
Island lake. (Jn the north half of 3 in the 3rd there has been some prospecting
done, but a diamond lirill has not yet been used. We purjDose getting one at work
there Our ore in this section appears to be very rich. The year before last, for

the first time in. thirteen yeirs' mining, they came upon sulphur in the or"', but we
have not c me across any on our property. On the red hematite property we have
done some stripping and such wrk as that, but have not done nnj w<nk of any com-
mercial value. We know of the existence of iron in a north-east direction, in the
5th concession, on the same lead as the magnetite. On lot 2 in the 3rd, some 500
tons of ore were taken out before we got the property, but we have not done any-
thing ourselves. The ore I take to be similar in character to the other -Tes in that

formation. Our company was formed last ye-AV. Some prospecting lias been done by
it at Black lake and the cat al already mentioned was cut ; it is 400 feet long, and
lowered the water in Thir y Island lake ; this was done to i repare for mining, but
beyond that n 'thing has been done. Some prospecting has been done on 3 in the
3rd. We intend to put a diamond drill on 3 in the 3r.l, and also at the Black lake
mine. I am interested equally with Mr. Morris and Sir Richard Cartwright in a
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mine there on lots 12 in the 8th and 9th of Bathiirst. It was first opened twenty
years ago, and a quantity of ore taken out and sent to Cleveland, wht-re it was tested A deposit in

by Chisli(^)lm, and reported upon favorably. The ore was a magnetite, and the deiiosit
^^t^'u^st town-

apjiears to traverse the lengih of the ^th concession from front to rear. About two
yetrs ago a shaft was sunk about 10 feet on the front of the conces-ion, and two
carlo ids of line ore taken out. We tr.iced the ore by showings at different points

from rear to front of ihe concession, the direction being north-east and snuih-west.

It occurs in a gneissoid rock. The limestone is to the south of it, and may have
some relation to it.

B. IV. Folger—I am superintendent of the Kingston and Pembroke railway.

1 have been interested in iron and phdsphate mining operations in tliis Locations on the
K. and P. rail-

way.
part of the country, but mostly iron. We are interested in ps-rliaps 100 ditierent

mining locations. They are in Bedford, Portland, Hinchinbrooke, Uso, Olden,
Pabnerston, Levant, Bagot, Dalhousie, Bathurst and Sherbrooke We are interested jijnjng compan-
in three mining companies—the Mississippi, the Levant and the Kingston and Pern- ies.

broke companies. I am also interested in the Bedford company. The Mississippi

company was orgaidsed about ten years ago. The capital, of which 1 cannot tell

you the amount, was both Ameiican and Canadian. Tne Mississij^pi mine was
opened up by that company, and between 30,U00 and 40,000 tons were taken out

;

all the oie went to the States. The mine is not being, worked now. Tiie Leva t

company was oi'gani.sed about a year later. The location w as leased to people in

Bethleliem, Penn., who must have taken out about 30,000 tons. The Kingston
and Pembr 'ke company was organised about two years ago. The stock of that
company is .$4,000,000. I cannot tell j^ou who are the principal shareholders, but
they are niostly all Americans, seven- eigths of the stock is American. They are now
working the Wilbur or Levant mine, and that is the only one they are now working. '^^® ^-

^V'*
^*

o
. ' . . -

^ *^
.

^ companj^ s
They have taken out of the Williams mine in Bagot perhaps 10,000 tons ; it was .\ good operations.

steel ore. The low price of ore in the States, and the fact that the mine is five miles

from the road, caused the stoppage of work. They worked the Wilbur last year as
well as this year. Ab^ut 12,000 tons has been shipped to Kingston and some of it

is here j'et. From the Calabogie mine they have taken out about 3.00(> or 4,000
tons. From the Glendower they hnve shipped about 2,000 or 3,000 tons, and
from the Mississippi about 2,000 tons. The ore shipped so far has been all

Bessemer ore ; it is magnetic. We have found hema'ite in a number of places,

but never in quantities sufficient to ship. The iron shipped from here runs betAveen
50 and GO p. r cent. It is richer in some of the mines than in others, the richest

we have shipped being from the Mississi^jpi and Glendower. There have been no
impurities n the ore from the Mississippi. Of late in the Glendower they found
some sulphur, but none was found until at a dejith of 180 feet. That was the
reason they stopiied work upon that mine. Since then they have put in drills, and
have drilled about oOO or 400 feet, aid got good ore atrain ; where the sulphur was
it ran from 1 to 3 per cent. There does not se^-m to be a large quantity wita sul-

phur. SVe have not gone as deep as 180 feet in any of the other mines of that dis-

tr ct. In tha Wilbur we have gone doAvn abtut 200 feet, and the ore from that
mine runs about 55 per cent. iron. The Mississippi has no sulphur. At the
Wi liams thej^are down about 100 feet. At present I do not suppose we have m re
than 60 men employed, but we have had as high during the year as 150. I can-
not siy what the proportion of miners would be. We pay from 81.2.5 t $1.75 per
day 1 ow ; the best miners81.75, and laboring men 81.25. I think the Glendower capacity of the-

alone would supi>ly all that would be i-equired for a 50 or 100 ton furnace, as it is Glendower

in a position to take out 400 to 500 tons per day. At the dei th of 200 feet the vein
""°^'

is from 20 to 40 feet wide, and wha*^ ha^ been taken out averaged 60 per cent. It
shows upon the surface for fully half a mile, and tl e foot and hanging vails are
better defined as \v^ get deeper down. The ore in the Levant ran in the first fifty

feet up to 60 per cent., but lower down it is lower in ir< in. The rock is mostly
cry-talliue limestone on one side and granite upon the other. If we could find red
hematite in quantities, lake Superior could not compete with us at all.

Michael Grady—I am a contractor and reside in Kingston. I came here at
the time of building the K. and P. railway. They were then workir g the Glen-
dower mine, ;ind I commen ed to look around and found several locations. Before
coming heie I liad been in the iron districts in York state, which are jiartly in the Glendower

Laurentian rocks. From the Glendower we can trace the ore for about a mile ;

'""'®-

there have been a dozen openings made in that distance, but I cannot say whether
the ore continues all the way. There has been work done in four or five places,
and quite a lot of ore has been taken out. The width of the ore exposed would be
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about 20 feet. It was free from phosphorus and sulphur on the surface, but as

they t{ot down they found sulphur. That was the only case in which there was any
trouble with sulphur. They claun that as they went down further the sulphur disap-

peared. Most of the ore there was mined by Rathbun of Elmira, I supjjose about
75,000 tons were taken from the mine. The hanging wall was limestone, and the foot

wall granite. At the Machar mine in the adjoining lot we did not go very deep—just

shipped 1,000 tons from there. After that we sold out to another company and
nothing has been done with it since. It was considered a pretty pure ore, and I

think it went over 60 per cent. Fro u the Wilbur mine about ")0,000 or 60,000 tons
was taken. The owners first sunk a large pit, but the ore dipped off at an angle
of 45 degrees, and then narrowel ; a good deal of money was spent following it,

but finally work was stopped at a depth of about 100 feet. Since then one of the
owners has died, and nothing more has been done except some exploring ^Yit\\ a
diamo id drill, and they claim to have tapped the ore again within 100 feet of where
it was mined out. It widened out at one place to 30 or 40 feet and then narrowed to 3
or 4 feet. It is stated to has'e been the finest ore for shipping ever got in this part

of the country. I have seen analyses that went over 68 per cent., but of course
that would be of picked specimens. I have been told that it was sold on a guarantee
of 65 per cent. We never found any titanium in that section ; there is none in

the Wilbur deposit. The deposit is in granite and white limestone. About 1,000
feet above the old Wilbur are two shafts on the same lode. One of these is down
about 200 feet, and the other about 180 feet. They have tiken altogether from
that mine about 100,000 tons. Only one shaft is being worked now, but they say-

it is not looking as well as it was before. We find some soapstone on the foot wall
;

on the hanging wall it is principally limestone. In the Wilson mine we are down
aboui: 50 or 60 feet ; it can be traced 500 or 600 feet ; three or four openings have
been made in that distance and about 4,000 or 5,000 tons taken out. The ore is

very good ; I think it runs about 60 per cent. It is very free from sulphur and
phosphorus, and occurs with granite on both sides. At the depth f 50 or 60 feet

the width wa3 about 9 feet. In the Williams mine we opened about 300 feet along
the course, and took out about 10,000 tons ; we went down about 15 or 20 feet.

The vein seemed to be 7 or 8 feet wide, and they say it pinched out some as they
went dovvn deeper. South of that point the rocks seem to dip south-east, but here
thev' turn over and dip the other way. The foot wall is limestone, and the hanging
wall granite. The ore ran about 52 or 53 per cent, as they shipped it. I never
heard that tliere was any sulphur in the ore. These are about the only places where
we did work of any account. Mining when done by contract costs about a dollar a

ton ; when done by the day's work it costs about $1.25 a ton.

J. S. Camphell—I reside at Perth and am interested in mining at Calabogie.

I am president of the Calabogie Mining Co., organised in 1882 ; the principal

shareholders are Edward Elliot, William flicks and Peter McLaren of Perth, Hugh
Ryan of Toronto, and B. W. Folger of Kingston. About $75,000 of the capital

is paid up. We own the east half of 16 in the 11th of Bagot, on Calabogie lake,

the west half of 16 in the 9th, 14 in the 7th, and the south half of 16 in the Hth,

Altogether we have 600 acres. The property at the lake was developed by Ely of

Marquette in 1881. We commenced work in September 1882. The first shaft was
about 100 feet down, at an angle of 30 degrees ; the width is fi'om 8 to 20 feet.

It was abandoned in 1883, and in 1836 we continued the shaft 108 feet further. It

was mixed with rock less or mure. The second opening towards the east we made
two years ago. We went down 30 feet there, and in tint depth we went through 8
feet of iron. We leased to the Kingston and Pembroke company then, and they
worked the next year. In the new shaft they drifted about 75 feet. Where they
were working the width of the vein was from 10 to 12 feet. There has been a con-

siderable amount of iron taken out of the hill. We shipped about 1,000 tons from
Kingston. Last year the K. and P. Co. shipped about 2,000 tons from the same
place. It was sold at Cleveland, and was a satisfactory Bessemer ore. The mine
on lot 16 in the 8th was opened in the fall of 1883, and sank 45 feet ; no drifting

has been done. We had iron all the way down at a width of from 10 to 12 feet.

The iron was analysed and the first showed too much phosphorus, but in the last

the amount was reduced consi'lei-ably. There was no sulphur of any consequence.

We employed from 20 to 25 men, and miners were paid Si. 50 a day, laborers .$1.25.

We had a 25 h.p. engine, and used steam power for drilling and hoisting. We only
operated one steam drill. The value of the plant would be about $5,000. On lot

16 in the 8th we did not have any steam power ; there the ore was hoisted by horse
power. We made a surface opening on the west half of 16 in the 9th in 1882.
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The raiiL'e is the same as 16 in the 8th, and the ore is very piniilar ; the opening

was about 10 teet. This range can be traced a distance of two miles to the lake ; it is

on the same range as the Calabogie pi'operty. The genei'al course is a little south

of west ; the dip is about 30 degrees at the lake. On the south half of lot 16 in

the 10th of Bagot, which is upon the same range, some prospecting has been done.

TV. J Morris—All our minerals, as far as I know, are confined to the Laurentian
formation. The rocks in Bathurst are saccharine hmestone and gneiss. Magnetic iron

ore of veiy high grade occurs in the 8th of Bathurst ; speaking from memory, I think ^lagnetie ore

there is limestone on one side and the other wall is gneiss. Several carloads of this ^ "'* '

ore were sent to Cleveland, Ohio, and they said it was the finest ore they had
iiandled, but no contract could be entered into on account of the want of communi-
cation. The range extends north-east and south-west for a distance of five miles or

more, and the width for that distance is about three-quarters i<f a mile. I do not
mean to say that there is solid ore all that distance. Several years ago Alexander
dowan took out several thousand tons on the same strike in North Cro.sby. I think The Fournier

that not less than 3,000 tons were shipped. It was sent to the States ; that was in ^ '"!'" North

the time of the American war. Except what Mr. Cowan did, no work has been done
on it to any extent. I think that is about eight miles from the point I was speaking
of in Bathurst. Mr. Cowan sold to an American company ; they got out of the
ore, drifted and struck it again, but at the close of the war the price fell, and as

there was so much hauling the ore could not stand it. It was known as the
Fournier mine. They went down about 100 feet altogether, and the ore was
beautiful and solid. The veins are from three to seven feet wide, and evidently
widen as they go down. Where we made some ojjenings the ore was ver_\ fine.

There was no sulphur, but it was cut in one or two places by veins of apatite
;

the apatite was not mixed with the ore. At Bobb's lake, on the McMartin property,

there is magnetic ore. When I saw it the whole country was covered with bush. Bobb's lake

IVIy idea, however, was that there was in all probability a large deposit there.
°'^^*''°°-

Surface specimens were to be found for a long distance, and of very good quality.

It is a very rough country, and I did not examine its occurrence except to see that

it is in gneiss. I do not remember that I noticed any crystalline limestone. The
Tock associated with the phosphate at Bobb's lake is pyroxene. There are great
Tiodulps imbedded in it that are apt to roll down on the men. I cannot state what
the chemical composition of the nodules is ; it appeared to be hornblendic rock,

but m a state of disintegration. In Levant and Darling there are brge surface
showings of magnetic ore. Dr. Wilson and my father bought lands there seventy
years ago for the sake of the ores. Sir William Logan estimated that there was a Deposits in Lev-

bed eighty feet thick on Christie's lake, in the township of South Sherbrooke, but she'rbrooke^nd
I think that is a mistake. It is a parallel deposit to that on the 8th concession of Bathurst.

Bathurst, has the same strike, and is ten miles to the west. There are extensive
^showings in the south-west corner of Darling, in Levant, in South Sherbrooke and
in Bathurst of magnetic iron, and the strike is the same all the way through. They
generally occur in gneiss ; there is generally limestone in proximity, but not in

actual contact. We have bog ores in Ramsay and Drummond. There is plenty of

good magnetic ore in this district. In Levant there is sulphur in some of the veins,
but there is a good deal of the ore that is free from it, and it can be cobbed. In
Bachurst the ore is high grade, and I do not know that there is sulphur ; the only
thing I would fear is that the veins would not turn out as 'arge as in other parts
where the ore does n(U grade as high. I have not seen it more than five or six feet
in width. I do not think veins of that high grade ore will average more than five

or six feet on the surface. The largest deposit of hematite is the well known Plaj^-

fair mine, from which a good many thousand tons of ore were shijiped to ™. p, , .

Cleveland as long ago as twenty years. I think they shipped as much as 3,000 or niine.
^^ *"^

4,000 t lis a year for several years. Torrance of Montreal and others were the
owners. I do not think they worked it below eighty feet, and I think the average
width of the solid hematite was fifteen feet. It widened to that ; on the surface it

was about five feet. The shaft was simply an open pit. The deposit was not fol-

lowed upon the surface for any distance ; it was only worked on part of one lot. It
was very soft on the surface, and became very Jiard as they went down. I think
the wall was diorite U])on one side, and that it was capped with crystalline limestone.
There are two or three small veins, and parallel veins in close proximity. Tliere are
-also parallel veins two miles southwai'd, which never have been opened. The pro-
perty was leased for ninety-nine years. There is a vein of hematite in Arnprior
which I think has the same strike. The belt bearing the hematite is fully three
miles vride, and we can trace it across the rii^er into Quebec. I think that there

i
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are deposits of hematite across McNab, Fackenham, Darling, Dalhousie, Bathurst,

A hematite belt. South Sheibrooke and Crosby. The belt is three miles wide ; that is to say, for

that width we hnd surface indications. It is a very r-ugh coui.try, and lias never
been pi'uperly explored by anyone. I know at least two ranges of hematite. I

think about thirty years ago .-<eveial hundred t'>ns were mined at Sandpoinr, and I

am satisfied that is on the same strike as Bell's property. My opinion is that 'hat

goes through the west corner of Bathuist, where there are extensive superficial

showings. That range has never been proper y explored. I have seen veins at

low water on both sides of Bennet's lake. There are indications of specular ore

through North Burgess and the west half of North Elmsley fur a ilistaiice of ten
miles. No vein or bed of ore has ever been stiuck, but it must occur. 'J"he rocks

there are more disturbed than in any place in Ontario, and I think it is the only
place in t'anada Avhere you can tind silicate of magne ia (meerschaum), but too thin

to be of any value. This section of the country has undergone great volctnic

action, and the formation is extraordiijary. There is iron pj^rites in Daihousie, in

the vicinity of Mr. Browning's p'ace. I think it is both nicki-1 and copper beaiin'j
;

it runs across three 200-acre lots, and will average 15 ' feet wide. It is a magnetic
pyrrohtite and not common pyrites ; it dect>mpuses very rapidly. I think it goes-

down a considerable depth. There is dioiite on one side, but I d not know what
to call the rock on the other. I was told it contained a certain amount of nickel,

and, unless 1 am mistaken, forty per cent, sulphur ; it is very dark in color. There
are many other deposits of iron pyi'ites in South Sherbrouke and the north-west
part of Bathurst.

William Rattle—I live at Cleveland, Ohio, and am a mining engineer and
analytica' chemist. I have had considerable experience with ranges in the Huronian
formation. So far as my observation goes in the Laurentian rocks the strike would
be north-east and south-west, the dip southeast. In the first range we visited near
Perth, in Darling, the accompanying rocks were on the foot wall diorite ;

on the
hanging wall it would be dilRcult to tell as no work has been done, but I think it

is crystalline limestone. Thee are some black slates on the south. The ore is a
hematite ; it is more in the nature of a specular iron ore. At Playfairville there is

a surface showing of red hematite : we tind some slate and some diori e upon the
foot wall and granite under that. The magnetic is the second range ; the hematite
would be the north range. The lower range cuts the crystalline limestone, and I

cannot say what the walls are outside of the limest(me. It is a'most i erpendicular
in the lower raiiEce. South of thab we found hornblendic scliist. The limestone
appears co be a capping over the wh le country ; I think it is «.f volcanic origin : it

is a metamorphosed rock. It is not at all similar to the northern Michigan ranges ;

those are much older. I think that the capping of limestone here is later than the
deposition of tlie iron. I am very well satisfied with the outlook in this country

;

I judge the ores to be of good quality, as fir as one cm tell by looking at them. I

think the prospects are such as would justify reasonable develo|)ment. Thatapplies
both to magnetite and hematite ores. There are five distinc" hematite ranges.
They are not of the soft hematite nature, but of the red siiecular. We were on
three magnetite ranges, one of which had a great deal of sulphur, the < thers had
not. The sulphur in some cases here occurs all through the mass, which is so-

close grained that the gases cannot get away. In Norway 'he ores are of a spongy
nature, and the sulphur occurs in cubes in the spongy mass, so that the sulphur is

enabled to escnpe.

Joshua Gallagher—I live in the township of Bathurst, in Lanark, and am a

Workinn- the miner by occupation. I worked in the Playfair mne upwards of three years.

Playfair'mine. This property is situated on the east half of lot 1, in the 4th concession of Dalliousie.

The mine was worked for five years. The ore is a red specular and was considered
a No. 1 Bessemer steel ore. In addition to the surface work, five shafts were sunk
on the deposit. No 1 shaft was sunk to a depth of 70 feet. The ore on the suiface
was a''Out 3 f'^et wide, while at the bottom of the shaft it was 8 feet wide. No. 2
shaft was located 200 feet from No. 1. The ore on the surface was 2 feet wide.
The shaft was 7^ feet deep and the ore at the bottom was 15 feet wide. No. 3
shaft was located lot' feet from No. 2. It was sunk to a depth of 50 feet and by
drifting showed ore 40 feet Avide. No. 4 shaft (150 feet from No. ',^) was i ot sunk
so deep, sur''ace exploration being made owing t its situation not being convenient
for using machiner}'. The ore was hoistt-d from No. H. No. 5 shaft was situated
about 150 feet from N^o. 4. Surface exjjloration to a depth of 120 feet wa^ made.
This shaft was capped with granite to a depth ot 14 feet. All of i he shafis contained
specular ore of Bessemer quality, being almost entirely fi-ee from phosi)hora&

Ranges of iron-

bearing rocks.
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sulphur and titanium. At the bottom of No. 5, when work was stopped, the ore
was 30 feet wide. The ore from (lie difiereut si atis .-hipped analysed from 65 tu Quality of the

Gs percent , and was principally sold in Cleveland. The foot wall was composed of °''^-

crystalline limestone and the lianging wall of granite. The run of the ore was in a
north-westerly direction. Most
of the ore was drawn to Perth

- ^=^ during tlie winter miaiths by
teaiiis, the distancf being about
15 miles, each team making one
trip a day and avera<.ing four
tons pc' load ; the road being a
ver^' level one this quantity was
taken with ease by tlnj ttams.

ggi^ The ore was shipped from Perth
'°ff;=4^

. „ to Brockviile by rail and thence
by water to Cleveland. The

c ^i""- ^V.
Longitudinal section and plan of Playfalr mine. ^ost of drawing to Perth was

Scale—600 feet to an inch. r-.i i,^ i r-. , •

, , , , . , ,. , ^ ^ ^ 5)1.10 per ton. (Jperatii'ns began
l,-2,3,!t, a and b, aumhert; of shans. ^^ ^i • • i o/r- i a,

at this mine in 186/ by Alex-
ander Cowan of Montreal and were continued for five years. I cannot &ay why
the work was stopped. The original owner of the property was J. J. Playfair,

who 1 think lived on the lot at one time. While the mine was being worked fr m
15 to 25 men were employed. A large amount of ore was shipped from the mine
each year, but I cannot say how many tons. I always understood this oie gave
entire satisfaction at the smelting woiks.

R. C. Sherrett—1 have been interested in mineral d»-velopment for about nine-
teen years. During the whole of tljat time 1 have been at it more or less constantly, iron pyrites in

In Dalbousie there is a very large deposit of iron pyrites ; it seems to he one mass.

I don't know how many acre'* it would cover, but I should say thei e are very many
thousand tons in sight. A little has been blasted and broken but there has been
no shafc puc down. It looks like ordiniry iron pyrites, but after exposure it takes

a yellow brassy appearance. I think it is magnetic iron pyrites, but I have never
held a needle over it. I thought at one time uf tryiug it for copper ; it appeals to

carry a percentage of copper. There is very litt'e lock in it ; it appears to be ab ut
80 or 90 pet- cent, pyrites. It is about 400 or 500 feet one way and "iOO

or 300 feet the other. 1 am satisfied it goes a good deal further than that. It is

about 22 miles from Perth. I was at the PJayfair mine when it was working. "^^^ Playfair

There was a great deal of ore t:-ken out, I think about 16,000 tons altogether.

The vein v ried very much in width ; at times it would be over 20 feet and again
it would be down to 2 or 3 feet within a short disttmce. I think it was a lense of

ore and that there are several other lenses on the same range north and close to it.

I have noticed three deposits

of hematite, but 1 cannot say
whether in th - 3rd or 4fh cm-
cession ; they are near the I lay-

fair mine. Those I saw were
covered, except in places where
they had been opened by some :•';'' :>.

one. I am satisfied they are \'f%
parts of a large deposit below. '';«^

The PJayfair occurs in lime-
stcMie on both sides, and the p|||g ^B ^W ^^ I 1

othe s occur in the same charac- " ^^' W^ ^P .ife^^.i^S.. &.U^,
ter of rocks. I have no doubt

""°" '

hematite could be found to the Fig. 22. Playfair mine, showing cross-sei;tions. Scale—600

north of the Playfair. but I do not ^^"' *" ''" '"'=''

know about the south. There are 1, 2, s, 4and6,mimbei:t o/^haftn.

a good many deposits of hematite to the north of us here, but it would require a
diamond drill to determine their value. I have seen some deposits at Palinerston,
but there has been nothing done at all and I cannot say anytliing about them. I
think the crystalline limestone is intiuiately associated with the hematite « re. The
band that is associated wi h the hematit - is highly ciys-talline a' d coarse. In
Palmerston, where there is hematite, the rocks have something the character of
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r- ^ '* dolomite. It is a different kind of limestone from the Playfair altogether. I saw
very little except what occurred in the bush and I did not disturb it ; I took out

On Adam's lake, some GO pounds. There is some hematite near the Rideau on Adam's lake, in north
Burgess, and some work has been done on it. It is nof a very lartje deposit ; it

would perhaps average three feet at the outside, but it is continuous. On Caldwell's
property in Darling they had indications of a great deposit, but when they opened
up they did not find it ; they may find it yet as there is hematite there in several

places. I have seen good indications in Darling, but there are no large deposits
open. I think large deposits will be found on Mr. Bell's property at Wliite lake.

At Charleston lake, in the county of Leeds, there is hematite. The deposit is 15 or
16 feet wide and is rich. I have seen a piece that was taken out and analysed
something about 70 per cent. The lot belongs to the government and has been covered
with water. Some 300 or 400 tons of it have been taken up and crushed for pigment
by Mr. Ramsay. There is some hematite also on Dog lake, near Kingston. It is

in the si'urian limestone and is lean ore. That is all the hematite I know of. The
Playfair appears to be the most workable location ; there is quantity and quality, and
there has been development to a considerable extent ; the main shaft is dt>wn about
100 or 120 feet. On the 8th of Bathurst there is magnetic ore on several properties.

The ore occurs in very irregular form ; it is not continuous and 12 feet is about
the greatest width. It occurs on tive different lots, and in each case with granite on
both sides. It contains very little sulphur. There has been so little dm'elopment
done that it is not possible to saj^ anything as to the quantity. I do not think there

ought to be any trouble about getting a large supply of magnetic ore, and I think
a considerable amount of hematite could be got from the Playfair. If there were a

demand I think plenty of ore woidd be found. There is a large (juantity of the ore

that carries sulphur as high as 2^ per cent. ; that would have to be calcined before
smelting. The magnetic ores that I have seen are in Palmerston and are unde-
veloped.

William Caldwell.—I am a lumberman and am also interested in mining
depo.sits in the county of Lanark, township of Levant. We can trace the .'surface

shows in one lead cropping up here and there, the width of which is about 300 feet
;

that is with the rock, then ore and
rock again. The ore is a magnetite,
and an analysis shows 61 jier cent.

iron, no phosphorus and no titanium.

In the largest deposit, which crosses

the K. ct P. railway and is about half

a mile from our station, there is 2 per
cent, of sulphur. The strike is about
north-east. We have quite a number
of shows with the needle, perhaps half

a d' zen altogether. The other deposits

appear to be free from sulphur, and as

high in iron as the first mentioned
;

they do not look like titanium ores. I

cannot tell you the cliaracter of the
rock associated with the large deposit ;

there is crystalline limestone in places,

au'l farther south there is some diorite.

I am satisfied there is a considerable amount of iron in this country. Take the
townships of Levant, Darling and B'got and one cannot go on any hundred acres

without finding a strong attraction of the needle.

Thomas Roijce—-I ha e been engaged in prospecting, of which I have done a
good deal. I discovered Mr. Coe's Calabogie property. I have discovered a num-
ber of other properties that we have not secured yet. They are in Darling. Bagot
and Packenham. I am satisfied there is plenty of hematite ore and that it is of

good quality ; all that is wanted is development.

JV. H. Willie— I am interested with other parties in iron properties in the
township of Darling. On the east half of 16 in the 4th we have specular ore. We
have made no development more than sinking two or three pits. The ore occurs
on a hill which runs down to a marsh. I cannot tell the extent of the deposit, but
it seems to be a mas of ore ; we traced it quite a distance, perhaps for 200 or 300

Iron ores in

Levant
township.

Fig. 23. Sketch of Caldwell's location.

A prospector'!
opinion.

Specular ore
in Darling.
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yards. We got specimens in the gravel of the hill for a width of 150 feet, but I

do not say the deposit is that wide. The principal opening is at the foot of the hill.

It h;xs not been stripped to any distance, only a few days' work having been done.

The show was so good that we did not think it necessary to do any more at present,

as there is no market. An aualj'sis made l)y Dr. Ricketts of New York shows 6(3

per cent, iron, .030 ph(jsphoriis and no titanium. The general coui'se of the

deposit is north-east and south-west ; that is the course of the formation generally.

It seems to dip at an angle of about 40°. I cannot tell ycm the wiuth of the deposit.

We have magnetic ore in Darling, on the east half of 22 in the 3rd, and the east

halves of 21 and 22 in the -itli. We have done some development on one or two Magnetic ore.

lots, on the east half of 21 and 22 particulaiiy. In one place we went eight or nine
feet and took out a couple of cai's of ore. It would average about 60 per cent.

;

any we got assaj'ed sln)wed 65 per cent. The deposit seems to be very considerable.

We got it right across all those lots, but never more than four feet wide. It contains no
phosphorus and verj- little sulphur. The analysis shows n"on 65.33, and phosphorus
.017. There is limestone on one side and diorite upon the other, or hornblende
rooks of some kintl. The iron formation would be about half the width of our
lots, I should say. North-west of the iron we have copper rocks, where there is a in Levant.

gulh", and the formation changes. In the township of Levant we have several lots

with iron on the ist and 2nd concessions. That was discovered in 1881 and some
development work has been done ; there is a pit 20 or 30 feet wide and 6 feet deep.
Iron ore vt-as found all over the bottom of the pit ; as far as we could judge with
the needle the vein was from 50 to 60 feet wide. I have been told that it has been
traced for about a mile, but I have not traced it myself. The strike is north-east

and south-west. The surrounding rocks are hornblende; I do not know of any "o 1''°'^ o""^-

limestone. We never shipped any of the ore. At that time we h;id no roads, but
there is a road now built to the station, four miles distant. Mr. Birkinbine, the
engineer, classed it as a good Bessemer ore. He did not think it would require

to be calcined. Bog iron occurs in low ground in the township of Goulbourne.
There is a vein on the same property containing pyrites. I also own an iron pyrites

property on lot 5 in the 4th concession of Darling. It was opened up a little before iron pyrites.

we got it ; the man on the next property had gone down 7 or S feet ; the vein was full

of quartz and ochre. The rock on one side is crystalline limestone and on the other
diorite. I think it is a true vein ; it seems to go straight down. The vein matter
stands out from the rock ; it is about eight feet wide at the top, and it widens out
to about 10 or 12 feet at the bottom of the pit, which is now down about 35 feet.

It has been traced fully a mile I believe. The analysis for sulphur showed 55 per
cent, sulphur and only a trace of gold and silver. The party from whom we got it

had specimens from the surface which he reported as giving $9 gold and .^3. 50 silver.

I should think two-thirds of the whole vein matter is pyrites. Perhaps one-half of

the vein is pure pyrites, and Avould do to make sulphuric acid ; the pyrites is not
magnetic.

C Gliimo—In Darling I worked at an iron pyrites vein for Mr. Wylie. The
vein is three or four feet wide. We took out some very large specimens ; it is all iron pyrites

through the vein. We can trace it for 1,000 yar Is ; it is capped over in i° ^*'"''"&-

places, but I think it is straight all the way. We went down 35 feet, and it looked
as good in the bottom as above. I think it dips a little to the south. I would
take a contract to get the pyrites out of that vein at from $1.50 to $1.75 a tpn.

James Bell—I reside at Arnprior. I am a general agent and have been inter-

ested in mining operations for sixteen years, particularly in iron properties. I own The McNab
properties in the townships of Darling and McN^ab. In McNab the property is lot m'le.

6 in the 13th. It is about three-quarters of a mile west from Arnprior and is

generally known as the McNab mine. It was opened 16 or 17 years ago and
was worked at that time by the Peter Bell Iron Co. of Boston, through their

agent, J. P. Mansfield. They worked it about a year and took out about 10,0ii0 or
15,000 tons. They stopped working because of trouble among themselves. Work
was resumed, and it was found that the ore diminished in quantity ; there was a
fault and they would not «o to the trouble of drifting. An Ohio company put on
a few men to catch the lead about 60 feet from the opening first made, right
opposite the railway track, and went down about 60 feet. They said there was
considerable ore, but the water came in and they had no proper pump. Besides,
just then there was a great fall in the price of ore, and it was a long way to take
it from here to Cleveland, so they dropped it. It lay for a number of years till

finally it was divided into lots, and I purchased them. At the time I acquit ed the
property the original shaft was full of water. I commenced to make openings on
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the vein, went down about 10 feet in each place an<i took out about 300 tons.

After that I did not do anything further with the property. I worked part of one

summer, in 1883. The iron appears to occur in mai^nesian limestone. The same
occurrence can be traced for five or sx mil s on the same course, the indications

beiot; the same. The ore from the mine here is hemaiite. It went 68 per cent,

iron ; there was a small particle of phosphorus, but no titanium or sulphur Mr.

Wallaf^e of the Ohio company said it was the best ore they ever- handled. On the

mine hce there wiS a capping fif cry.-talline limestone ; magnesian limestone is

exposfd for about 40 feet, and then disappears under the crystalline limestone on

the north-west side. I have other pi operty in Darling coiipi'Sed of about 1,(00

acres. The iron thee i- rt^d hematite :ind was first di-sovered about 2o years ago.

No mining h is been done beyond the prospecting of openings. I have aUo an
intcre-t in an iron pr perty in Montague, county of Lanark, ab ut l,i 00

acres ; there is bog ore on that property. I took out about BuO or l,f'00 tons of the

bog ore ; some of it was sold in the United States and was smelted there, and they

told me at the furnace it. turned out 51 ))er cent The country there is full of

springs, and the ore is a ways found where there lias been a flowing spring. I thnik

there was some manganese in tlie iron. I have bog «>re also at Beverage's lake,

on the low.-r Hideau lake ; it is not more than four feet deep. A man to whom I

gave a con r ct took out 180 tons, and that was sold in Montreal. It was exactly

like the other ore.

W. T. Newman—During the last two or three ypars I have been prospecting

in the Nipisung district, particularly ar und hike Nipissing. There is iron on
Grea*-. Manitou island, ".^0 miles from North Bay. On the same locati^ u magnftitc,

hematite and limestone are found. There is no limestone for hundreds of miles

in that coantrv except what is (m that i.sland. From the fact that tlie compass will

not woik at all 1 judge there is a great deal of ore. The hematite is in situ a-d
the magnetite in b )ulde -s. The property is densely wooded. I believe it is on the

same range as Inm island. Oa Iron island iron occurs in great 1 ose pii-ces on the

shore. The only ti'ace of a vein I saw there after considerable investigation was
about three inches wide. I have examined the occurrence on Manitou island and
Newman island, my own properties. The rocks are limestone and sandstcme. I

cannot tell you the rock the ore occurs in. I never saw such rocks elsewhere
;

there are great pieces of h miblende in the formation. It is different from any-

thing I ever saw. It is a reddidi crystalline rock : that on the soutli is bounded by
limestone. Hematite and magnetite occur together on the south shore of lake

Nipissing, about t'lree miles from the Northern rail>vay. in the township of Nipis-

sing. Altogether I have discovered ei.(ht different deposits of iron fire, six of

which I am satisfied are in quantity, three magnetite aiid three hematite. These
six are workable and vary in wiiltli from two to four fet-t.

E. V. Wright —There is iron all through the ake Temiscaming country and in

large quantities, both magnetic and specular. There is also a great d> al i 'f micaceous
' iron through that country. I did not find any red hematite. I think the magnetic

ore is the most plentiful. I have not taken out any specimens or made anj' analysis

of it. There is a fine magnetic ore a little south of the Ontario and Quebec ttoundary

line, at the head of the lake, and the Indians told us it was six miles in width. The
way we came to notice it was on account of all the trees having been struck with

lightning. It is at Quinze river, at the head of the lake. I have not seen specular

ore in large bodies except in one place on the side of the Montreal river. I have
not heard of tne occurence of red hematite in that section. 1 got two specimens

from the Indians, but I don't know where they came from.

Henry Ranger— I have not seen any iron ore of any consequence in the Sud-

bury district, but I found a large deposit of iron pyrites ni the township of (iraham.

It shows to be about 15(1 feet wide, and I think it is solid pyrites. It is br ght

yellow, something like copper pyrites ; I traced it for about 300 yards. It is on
lot 12 ill the 3rd of Graham.

Thomas Frood—Back from lake Huron, on the Wallace mine location, is a detosit

of iron ; it is on the side of the mountain. A shaft has been snnk there to the depth

of about 20 feet. That shaft was cleaned out this spri'g by a Cornish miner whom I

employ <1 for the purpose. The iron is on tde rear of the property, north-east from
the old Wallace mine. The property as originally patented consisted of 2,200

acres, and the Hughes Bros, of Toronto and myself now contrtd 1,6 lO acres of it.

It is on this 1,600 acres that all the work has been done. I cannot exacrly say how
the iron should be classified. It is of steel color, slightly magnetic; part of it is
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red and very soft. The vein is visible for about 200 3-aids ; at the west end on the

su'face it is about six inches wide ; at the east end, where the pit has been sunk,

the width of the vein is about 8 feet. The depth of the pir is about 2(> feet and
the vein seems to increase in width, and the ore to improve in quality as we go
down. There have been no assays made since we liave had pocsession of the
property.

He)tr>i S. Hedges— One of three deposits of hematite iron which I discovered
near the Wallace mine location I believe will List for three generatiiais if worked. Hematite and

It is an enor i ous ma-*s of or.-. The hematite and n'agnetite beds disc veredbvme magnetic iron
ore QGDOSltS

aie quite close toLrether on the same pr.'p^rty ; it croj^s out all over some lO or 15

a 'res It is on high land, near the water, and is handy for shipping. I had to sell

part of this property so as to be able to retain part.

James Stobie—I opened up and worked the iron mine at Desert lake, in the
township of Coftin, f r some years. I opened it up in 1874, and worked it three or Desert lake lo-

f ur years. We forme I a st ck company, but iron fell and we never workt d under cation,

the charter. The width of the vein was from two to eleven feet. It was hill-like,

and the greatest height of ore above the surrounding country was 50 feet. We
drove tw.) adits. It was an outcrop and we could traoe the ore through the centre
of tlie bluff for a couple of miles. We had 160 acres, and there was an adjoining
location taken up by E. B. Birton ; it was henratite. I cannot tell you the num-
ber of tons we shipped to Detroit, but tliere were several vessel loads ; we >hipped
three seasons, and used to h uil to the water during the winter. The location is

ten m les north-west of the Bruce mines. The principal owners live in Detroit.

There is no better ore anywhere thin thit is ; it is free from sulphur, ti anium and
phosphorus, as far as I know. Nu work has b en done since the time I woiked it.

I thiik if we had coutinie I we would have found the greatest quantity of ore in

the low ground. Part of it \vas soft hematite. Had work continued it was our
intention, if we found a large quantity of ore, to smelt it right there. I think our
deposit would prove to be a per anent vein ; it did not appear to be in pockets. The
Lacloche mountain country is very similar to the country at Desert lake. In the The Lacloche

region from Killnrney to the Sault we find ir^n between quartzite and diorite ; the mountain

quality is very good there and important discoveries will, I th-nk, yet be made '^°"""''">'-

there. There is no good iron ore in t e Sudbury region that I have seen ; it has
tj, g ju

too much sulphur, but I have found bouldeis at Sudbury and farther north with region,

good ore.

William Plnmmer—I have examined an iron deposit at Desert lake
; it is in

quite large veins or beds, and occurs in quartzite. I am speaking of tlie loc ition Deseit lake and
thit was worked by Mr. Stobie. The ore was of very good quality, but he h id not other Iccations.

the means to work it. There ar^ at Missisau;j:a three or four mining locations.

I examined them twenty-live years ago, and nothing has been done with them since.

R. E. Bailey—We have an iron property near Echo lake, about three-and-a-
half miles north-east of the point where the river enters into the lake. We have iron properties
uncovered the iron in six or s -ven places and found it of good quality for a width near Echo lake,

of 15 or 20 feet ; we t'-ace I it for about 1,400 feet. It seems to run east
and west, but I am not pos tive as to that. I cannot say whether it is a vein or a
bed. We have had the ore analyued, and it shows 65 per cent. ; it is very free
from posphorus and sulphur. There is a very large quantity of the ore, and it is

handy for shippuij;, beinj; about three miles from tue river and only nine mili-s

from the Canadian Pacific rail vay. 1 cannot say what the country rock is as I did
not examine it ; I was only on t e ground a few minutes. I have heard of several
other iron loca ions around there which are said to be good.

P. G. Campbell— I have the option, from a Milwaukee company, of an iron
deposit north from Echo lake ; it is about thr-e miles north-east of the lake. I
dug a trench in the gossan covering it for some riO feet ; we traced it Mime 400
feet and lound it was capped by a blutf of the count'y rock ; we examined further
an 1 discovered it again beyond the bluff. The ore is hematite, there being 66 per
cent, metallic iron ; it is a very pure ore, and so soft thai one can dig it with a
spade.

Alex. Saivyer—I have done some exploring in the Algoma district, and have
found an iron mine in or near Macdon dd township. I ran across some others, but On the Garden
they were L>cated. Ttie deposit is about fifteen inches vvide where it shows. I River reserve,

followed in the direction I thought it would lead, and found it again at the end of
forty acres. The ore is very pure and heavy. I do not think it is exactly in Mac-
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donald
; it is in what was the old Indian reserve. It is about three-quarters of a.

mile fiom Bailey's location—t) the north-east. I had to get money from Mr.
Plummer to secure the location, and had to give him an interest in it to do so.

William Murdoch—I have sold an interest I had in a very large iron deposit
near Loon lake. Mr. Coste of the geological survey says there is a million tons of

ore in sight. On Ruby Jake there is a dei^osit of very good hematite that will go-

65 per cent.

William Russell—We had many locations to survey this year, particularly in

the iron region west. We will survey this year, counting what is now in progress,
locations west of perhaps seventy locations, the majority being iron locations. Beginning about the

ur.
}iea,c| of Cypress lake, south-west to Carp lake, a distance of about 14 miles,

we have surveyed between thirty-five and forty locations, the total area of which
would be about 4,000 acres. The surveys were almost invariably made for Ameri-
can capitalists. On all these locations, with one exception, there is iron to be seen.

The ore is in general red hematite, but some of it is magnetic. It occurs in con-
nection with jasper. These beds of ore are veins from 10 and 20 to 150 feet in

width. In the Tower region none exceed 200 feet, and the average would be about
the same as ours. I found a vein in which iron occurs with silicious matter, 100
feet wide ; the surrounding rock was green slate.

Thomas Hooper—From what I see in the lake Superior country the iron out-
look is Very promising. I have seen many good s)>ecimens of ore from this district.

I have seen A 1 magnetic ore that would go 60 to 70 per cent. ; that was
from very near t'le boundary line. I have seen some hard hematite of very fair

quality, and I have seen some that carried titanium. The specimens that I saw
fr m both sides of the line were very similar. I have had a good deal of experience
with iron, and have shipped a great many thousand tons.

William Margach—Last season I travelled along the national boundaiy ; I was
Survejins iron examining that country to ascertain what amount of timber had been destroyed by
locations. g^-g j^^ ^.j^g head waters of the Pigeon river I observed here and there large

quantities of iron. I found a survey party laying out a location for iron on South
lake, also on Gun Flint lake, and on Hunter's island. Fifty mile> further west 1

Ore on Hunter's ^otuid two parties of surveyors, one on the American and one on the Canadian side.

I found dozens of parties, principally of Americans, exi)loring for iron. I showed
the Tower miners some specimens that I got from the surveyors, and they mixed
them up with their own and could not pick them out afterwards. It seemed to

be the same color as theirs—a red hematite. Since then thousands of acres of iron

land have been taken up on Hunter's island, and parties are still surveying.

Hunter's island is about (30 miles long and from 15 to 20 wide. It is a very
rocky country ; there has been timber, but it has been burned over ; there is

still some goDd pine there, but I cannot say how much. The whole of the island

seems to be mineral bearing, but the indications on the south are better than on the
north. From the lower end of South lake to the upper end of Gunllint lake, a
distance of twelve miles, it seems to be all hematite iron. We also know from the

water that there is magnetic iron. Immediately across the border from Gunflmt
lake the Americans have put in a diamond drill, resulting in their finding iron to

the depth of forty feet ; they got through it at that depth. Gunflint lake is

70 or 80 miles from Port Arthur, and from that on to Basswood lake is iron

formation.

Peter McKellar—Iron is widely distributed over the lake Superior district.

Iron ores in the and there is a great amount of it ; often it is low grade, as low as twenty-eight or
thirty-six per cent. At Wabagon there is an immense deposit, but though it looks

well the iron only goes about 35 to 40 or 50 per cent. The best grade dis-

covered in this district is at the Atik-okan or Antler river ; it averages 64 per cent.,

and lots have been got that will go 70 per cent. About three hundred samples
have been tested, and there is no deposit on the south shore that is better ; it is

regular magnetic ore. That deposit is about ninety-five miles from Port Arthur
and thirty-two miles from the Canadian Pacific railway. It runs from about sixty

to 125 feet above the level of the plain, and is about 300 to 400 feet through. The
iron is in two runs of thirty and sixty feet each in width. We can follow it four or

five miles and see it crop out here and there, though it is not rich in places. Its

strike is east and west, while that of the Minnesota range is north-east and south-

west. Another body of similar ore has been found at Rainy lake, and is nearly on
a line with the Atik-okan. I understand there is titanium in that, but the percent-

age is good. The Minnesota iron range enters the province of Ontario near Bass-

island.
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hematite ore.
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•wood lake, about 125 miles from Port Arthur. It is hematite, and will yield about
<J5 per cent, right along. In some places there is a great deal of rock in it, The Minnesota

and it is low in grade. It is in very large deposits. At 'junflint it is )nagnetic, r^n^e in Ontario.

is found in tiat beds, ana there may be great quantities of it. On the American
side mines in the same formation are very rich. The magnetic ore assayed over
70 per cent., and there is no higher grade. The ore was tested in Chicago,
and also b}' Professor Chapman. In Chicago they say there is n) better ore in the
world. Tlaere is a little phosphorus, but very little ; there is no titanium or sul-

phur. I am satistied it is in very large quantitie-s, and there are millions of tons
th^t m-iy be quarried. On the Anifrican side operations are being carried on at

Tower, and the mines are producing immensely. It is shipped by railway to

Dnluth, a distance of ninety miles, and thence to Chicago. There are bodies of

iron at the Pic river 60 feet thick. It is magnetic ore, but a great many deposits iron deposits on
are silicious, and some have phosphorus all through, and that ruins it. There are P'c nrer.

other bodies near by that have no phosphorus. There are large bodies of ore
that go 50 per cent., but they are very far from navigation and could not be
worked now; the beds are from thirty to fifty feet thick. At Jackfish bay we
found so ne boilies of magnetic ore, but they did not continue well. There is

*^'

^lematite ore on the Mattawa river, but a great deal of it is too low grade. It has q„ ^j^g jiattawa
not been well explored. Taere is lean ore west of the Kaminisiiquia river, running and Kaministi-

north-east and south-west, and there is also a great deal of lean ore in the township quia rivers,

of Moss. This is in the Huronian formation, similar to that in which the good oi"e in Moss town-

occurs. The walls of the iron ore are sometimes quartzite, sometimes jasper, and * ^^'

sometimes chloritic slate or diorite.

Dr. Henson—I have seen a deposit of magnetic iron ore about 50 miles north Depo-its on

of the Canadian Pacific railway, on Eagle river. It seemed to be a large deposit as ^*°'® "^®'"-

seen from the river.

LEAD.

Many lead veins are found in the province, but none are now being

worked, and it may be said that as yet none have been successfully developed. Ar^'entiferoua

Evidence is given with reference to the argentiferous galena vein near Garden ^^ ''"*'

river, east of Sault Ste. Marie, and also the galena vein in Frontenac near

Kingston. The latter is described by Mr. Vennor in the Geological Survey

report, 1866-69. The silver carrying veins of the Port Arthur district all

carry more or less lead.

The Ramsay lead mine, near Carleton Place, county of Lanark, was the

only location visited by the Commission where galena alone had been worked. Ramsay mine.

Some lead was smelted there, but the enterprise was not a success. A calc-

spar vein cuts the calciferous dolomitic limestone and is said to run into the

Potsdam series below, where it narrows, and into which it has been followed

forty feet without improvement. Its strike is north 40*^ west, and on the

surface is from two to four feet wide. The shaft was put down, we were

informed, to a depth of ninety feet, and at fifty feet, just above the sandstone,

it was two feet in width. Galena crystals occur disseminated in bunches here

and there through the vein. Most of the ore was obtained from open cuts

and surface excavations along the vein, and we were informed that 29 tons of

lead was smelted one summer. The ore was rolled and concentrated, and then

smelted in an open hearth with a cast iron pot below to receive the metallic lead.

Across a field to the east of the Ramsay shaft is another similar and apparently

parallel calcspar vein, carrying galena in the same manner. The vein is four

feet wide and appears well defined in close grained limestone walls. The strike

is north 15*^ west.

J. M. Machar—I am a barrister and live in Kingston. The Frontenac lead
mine location is on the south half of 16 and the north-east 120 acres of 15 in the
0th concession of Loughborough. The vein crosses both of those lots from south-

10 (M.C.)
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The Frontenac
location.

Worked by an
English com-
pany.

Smelting works,

Extent of min-
ing work.

Causes of

failure.

east to north-west, cutting across the strata. The country rock is gneiss. Th&
vein was discovered partly by the out-croppings, and partly by the existence of
sink holes on the course of the vein. It is composed of calcspar, and varies fronx

12 to 15 feet in width. It carries galena pretty much all through, some parts being
richer than others, and 5 oz. of silver to the ton of galena. Taking the whole vein
matter it goes 12 per cent, of galena. Our method was very poor, and we just

about paid our outlay. In 1875 we made a lease to F. Stockwell for ten years at

$1,000 a year and a royalty of five per cent. The rent was paid for the first five

years, and we hold a judgment for the balance of the term. Stockwell organised
an English company with a very large capital. This company worked for about a

year, and I attribute their ill success to bad management. They put up smelting,

works and smelted for a couple of years at intervals. The works were put up in

1879, and the last smelting on account of this mine was in 1881 or 1882. We had
three American hearths at the mine, and did a considerable amount of smelting.

The galena was pretty well distributed all through the vein, which seemed to im-
prove downward and westward. We went down about 100 feet ; the com-
pany went about 28 fathcms before they stopped at the main mine. The last piece

they took out was a cubic foot in size and weighed about 200 pounds. We drifted

into the shaft from the bottom of the hill for about 300 feet along the vein, and the
English company had a level below that. We did some stoping and the English
company did some also. They had another level about 50 feet further down again,

but I don't think they did any stoping between the first and second levels. The
English company was as badly managed as it could be. To begin with, it was stocked
for an absurd amount, and I don't think much was paid in. I have seen th&
captain sjjeechless with drink, so that between mismanagement, dissipation and
general recklessness there could be but one ending—failure. Mr. Stockwell tried

to get a renewal of the lease so as to organise another company in England. He
got an option from us, but it ran out in July last and we declined to extend the
time.

Charles Clymo—I am a miner and was born in Cornwall, England. At present

I live at Carlet(jn Place. I worked in mines from the time I was 13 years old till

I was 27 in England. The old Ramsay mine near Carleton Place was down about
50 feet when I came here. We put in a 12-inch pump to keep down the water,

instead of the two pumps they had before, and which were not suflicient. We
followed the vein till we came to the sandstone. At 50 feet the vein was about
two feet wide, but where we struck the sandstone it got to be very small. We went
down into the sandstone about 40 feet ; it was of a pink color. The vein could be
traced for miles. We did not drift at all ; we could not drift, because we struck

the sandstone too soon. I cannot tell you how many tons were taken out while I

was there, jierhaps between 10 and 20 tons. The mine had been worked some years
before I arrived ; one man had smelted 39 tons. How much was taken before that

I cannot tell. The smelting works were put up before I came, and I have been
told that 29 tons were smelted one summer. I cannot tell what it went in silver to
the ton, 1)ut 1 think it was about 7 or 8 oz. There are other veins to the north-
east I believe, but I did not work on them ; I did on Mr. Wylie's claim to the west.

There is a vein to the west six feet wide, and speckled all over with lead. These
veins are good, I think main lode-, as we call t'lem ; both walls are the .=ame. I

saw barytes in the vein, but the vein stuff is calcspar. There was a good deal of

barytes in places, and some of it very good.

W. H. Willie—I am a woollen manufacturer, residing in Carleton Place, but I
have been interested in mining properties. The first in which I was interested was

Galena veins in a galena mine in the township of Ramsay, on lot 5 of the 4th conce>^sion, I think.
Ramsay. j^; occurs in a vein in crystalline limestone, and the strike is east and west. To-

wards the east it went into the gneiss rock, and after that it piiclied out and we
lost it. On the west we lost it in the gully. We did not trace it any farther, as it

was the edge of the lot. We traced it altogether about half a mile ; it was angling
across the lot. The width of the vein was about four feet, ranging from two to
five feet. The vein matter was calcspar and some barytes. We spent considerable

money in opening it up ; we sank cne pit 13 feet, and another 12 feet. We had
sevei'al analyses made, the first showing lead, gold and silver—f75 gold, $22 sil\ er,

and 00 per cent, lead per ton. The analysis was made hy Dr. Gertwood, of
Montreal. The assay was of selected ore. There were some nuggets of lead. We
did not find any free gold, and I am doubtful about the occurrence of gold, unless

it was in mispickel. We got some mispickel and some copper pyrites in the vein.

We took out considerable, but never shipped any away.

The Ramsay
mine.

Smelting works.

Composition of

the vein.
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John S. Skeices—I live near Echo lake and am at present caretaker of the

A'ictoria mine. I tirst took charge of the Victoria mine in the fall of 1877 ; at that The Victoria

time the shaft was 5 ) feet down and I sank it 410 feet. Ihe vein itself is 49 feet j^|."g<^
atEcha

wide ; the shaft is 12 by 6 feet, and the pay streak is from three feet down to a few
inches. The general course of the vein is about north and south. All that was
shipped was hand-picked and put up in barrels. Some shipments were made before

my titue, and we made three or four shipments in J 878 and 1H80. A very large

shipment was made in 1880, but I cannot tell you the number of tons, neither can
I tell you the total amount shipped ; Mr. Ross of Quebec has a record of that. We
have leadj' for shipment about 40 tons of hrst class ore, and we have about 5,000
tons ready to concentrate from which we could possibly get 1,0('0 tons of dressed
ore of tiO per cent, lead, and perhaps 37 ounces of silver to the ton of lead. Besides
the 410 foot shaft there is one of 100 feet. There are drifts at lijO, 210, 265, and
327 feet Irom the surface, and there are cross-cuts at 50, 100, 150, 237 and 410 r. .^ ^ f^u
feet. We had a steam hoisting engine of 15 h.p. and a second one that we never working,

put in position. We have on hand the machinery for concentrating, crushing etc.

When I took charge there were about 79 men employed, most of them building,

chopping and making roads ; 9 of them were miners. The second year there were
27 miners, the third vear we were idle and the fourth we had 27 ; the highest we
had was 35 I think. The number of surface men was diminished after the first Miners and sur-

year. In the winter we sometimes had iiO or 40 Indians chopping wood, but they face men.

would not work regularly. Our regular surface hands were a blacksmith, a carpen-
ter, teamster and two engine drivers all the year round ; other men were employed
improving the road. The ore was shipped to Swansea and was sold for what it

would bring in the market. Some shipments were made to Baltimore, Wj'andotte
and Kingston the first year. After that it all went to Swansea. We got credit for
the silver. The Hon. J. S. Ross of Quebec is the president of the company ; the
directors are Col. Rhodes and J. J. Scott of New York. The capital stock was stockholders in

§400,001), of which |;95,0a0 is still unsold. There were not many American sharehold- ^^^ company,

ers ; originaly there were only three persons connected with it, Messrs. Rhodes, Ross
and Campbell. Campbell got into financial difficulties and his stock was distributed
among his friends. Our mine is at present filled with water. The Cascade mine is

close to ours and is supposed to be on the same vein. It is owned by a Chicago
compauy. It was worked to a certain extent for about four years and closed down The Cascade

about two years ago. One shaft was put down to a depth ot abont 200 feet ; some ™i"e.

cross-cuts were made, two levels extended about 200 feet, and some stoping done.
The general character of the vein was about the same as ours, the walis being
granite. The mine was shut down on account of the extravagance of the manager.
They had hoisting machinery, a 25-h.p. engine in the mill, .aid a Blake crusher.
Mniers were paid about $2 a day ; surface men from $1.25 to $1.50. Blacksmiths,
engine drivers and carpenters would get the same as the miners. The assay irom
shaft 2 of the Victoria mine shows at 100 feet 13.2 oz. silver and 54 per cent. lead. Assaj's of the

Shaft 1, at the 100 ft. level, 23 oz. silver and 72 per cent, lead ;' at the 150 ft.
J^etoriamine

level, 26 oz. silver and 76 per cent, lead ; at the 265 ft level, 10 oz. silver
and 62 per cent, lead, and at the 327 ft. level, 29 oz. of silver and 54 per
cent. lead.

E. B. Borron—Lead is not as frequently met with on lake Superior or lake
Huron as copper. The most promising vein 1 have seen on either lake was that at The Enterprise-

Black bay. already alluded to as the one in which Prof. Chapman found the tirstgold. '"'"^ ^^ h\a.c.k

This was afterwards called the Enterprise mine, and work was commenced upon it
^^'

s'lortly before I resigned my position as mining inspector. From Mr. Blue's
descrij)tive catalogue of the mineral exhibit of the province at Cincinnati, page 29,
I see that a shaft has been sunk to a depth of over 200 feet, and some 2^*0 tons of
ore taken out, but that it did not pay on account of the ore having to be sent to
Swansea to be smelted, and that in consequence operations suspende<l about twelve
years ago. Two mines on Garden river, near Sault Ste. Marie, have been worked
off and on for several years, and one of them, the Victoria, has produced some good ^
galena, but with what results 1 cannf)t say. I have seen lead ore at the river mine?.
Temagauii, also on the route between lake Temagami and the main Montreal river,
and at various other places in the province, but nowhere in such (quantity as i,, ti,e Tema-
would lead me to believe that the veins could be worked otherwise than at a loss, ganii region,

even under more favorable circumstances as to position, unless the galena was very
rich in silver.

I
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FiQ. 24. Ihe Smith & Laccy luu

MICA.

The Smith & Lacey mica mine is situated in the township of Lough-

borough, county of Frontenac, a few miles from the village of Sydenham. A
zone of enormous mica and pyroxene crystals runs in a north-westerly and

Smith <$! Lacey south-easterly direction through the property, and in this zone there are also

phosphate masses and calcspar in places. There are no signs of vein walls,

nor can it be noticed that the crystallisation is contined within the boundaries

of a certain bed in the formation. It seems rather, as in the case of other

mica-bearing rocks in this district, that in

certain places and along certain lines a larger

development of the component parts of the

rocks has taken place. The same minerals are

visible elsewhere in the formation, constituting

the rock composition, but much smaller in size.

A shaft has been sunk on the mica deposit

which 20 feet below the surface has been opened

out to a large chamber, 130 feet deep by 150

feet long, and about 15 feet wide ; this distance

across the formation may be said to represent

the width of the zone of largest sized crystals. (Fig.

24.) The mica crystals are in places six feet long, the

largest being seven feet square. They are for the

most part more or less twisted, and there is an enormous

Fio. 25. Section of the waste in manufacture, but owirg to the great quantity
Smith tfe Lacey mine. . . .1.1 1 , • • 1 i 111

01 the crystals the production is large, and could be
g. Phosphate and pyrox-

,

'' ^
_ _

ene, A feet. I. Micaceous increased to almost any extent. The mica is dark or
pyroxene rock. m. Mica
rock, 3 feet. n. Pyroxene, amber colored, but does Well for stoves and all the
? feet. o. Large mica . .

crystals with pyioxeiie Other purposes lor which mica IS used in which a

white color is not essential. Fig. 25 represents the

section exposed at the north-west end of the excavation. The mica crystals

are at all angles, but seem as a rule to be more often inclined to the

vertical than to the horizontal.

The Perth mica mine is located on lots 15, 16 and 17 in the 9th con-

cession of North Burgess. It occurs in a green steatitic rock which, for about

Perth mica mine 50 yards in width, is mica-carrying. The total width of the band is 150 to

200 yards, occurring between a quartzose gneiss on the south and a felsitic

gneiss on the north side, the dip being to the south.

On this mica-carrying portion a number of pits have

been sunk for 200 yards along the formation, from

which more oi- less mica has been taken from time to

time. As a rule the mica-bearing parts keep an east and

west course—in places as a species of veins—which seem

to be generally parallel. The work at present carried on

is in a shaft or deep excavation, which opens out below

in each direction to dimensions of 60 feet in length to 12
. . Fig. 26. Perth mica mine.

or 15 feet in width. The depth of the lowest working is

about 80 feet. (Fig. 26.) The mica is disseminated in minute crystals through

^X"
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the green steatibic rock, and here and there it occurs in bunches of crystals,

some of which are twisted and others regular, varying in all sizes and

at all angles, but chiefly with cleavage planes more or less perpendicular.

One exposed crystal was two feet long by one foot broad, and another one

foot by one foot four inches. It is a soda mica and of a good clear color,

with slightly yellowish tint, and tough enough for all practical purposes.

A mica property has been discovered on lot 29, 12th concession of Hunger-

ford, county of Hastings. The formation strikes north-east and south-west, Hungerford
deposit.

and dips to the south nearly perpendicular. A strong band of highly mica-

ceous rock strikes through the district, on which five openings have been made

in this property at places where the mica crystals have been developed most

strongly. Where opened it appears that quartz and felspar crystals are

developed with the mica, and also crystals of tourmaline. Black specks occur

in places in this mica, and are supposed to be due to the presence of very

small tourmaline crystals ; but these specks occur only on some layers in the

crystals. The mica is associated with masses of quartz and felspar, and some-

times in massive accumulations almost vein-like in their closely aggregated

association. The quality is good where not spotted.

D. E. K. Stewart—Two years ago I purchased a mica mine on lot 29 in the

12th concession of Hungerford, and have been doing some development Avork upon A vein in

it since. There are five pits upon it, varying in depth from 10 to 18 feet. All the Hungerford.

pits show cubes of fine white mica, some of them cutting as large as G by 8 inches,

an it is pronounced to be equal to any that has been offered on the market. I

think the vein is about 12 to 14 feet wide. The mica occurs in quartz and fel-

spar, the country rock being granite. A great deal <>f the mica is free from
flaws, and improves noticeably at a little depth from the surface. I*^ is about 17
miles from Madoc. I have not yet worked the mine as a commercial enterprise.

Jonathan P. Lacey—I am of the firm of Isaiah Smith & Co., of Sydenham,
miners and dealers in mica, phosphate, etc. We own and work a mica mine on the Discovery of the

west half of lot IL in the 7th concession of Lougborough. It was discovered by Loughborough

phosphate prospectors eight years ag<j, and a small opening was made on it in the
hope of its leading to a phosphate depont. We began mining for phosphate in

this district seven years ago, but during the past four years our attention has been
given al nost wholly to mica mining. Our iirst work was done on the mine in 1884,
when we began to put down a shaft. The vein is well defined within walls of

pyroxene rock, and varies in width from ten to twenty feet. Its strike is north-east
and south-west, and is nearly perj^endicular. The crystals lie very irregularly, Occurrence of

from horizontal to vertical, and the vein is free from rock matter to a depth of a the mica,

hundred feet. We have now reached a depth of 130 feet, at which point consider-
able quantities of phosphate and small portions of mica rock, fluor spar and
crystalline limestone occur with it. The crystals vai'y in size from a foot to six

feet, and some have been found weighing over ten tons. We have stoped out
along the vein a distance of about 1-30 feet, from a depth of 20 feet in the shaft to Workings of the-

its bottom. The mine is well timbered throughout and stulled or roofed at
'"^"^^'^ -^

"

intervals of twenty feet, to prevent rock matter falling upon the miners. Twr Ive
men are employed at the mine, but no machinery is used excepting a horse-power
hoist. The average rate of wages is a dollar per day and board the year round. Workers aud
and we.work without interruption summer and wiriter. At the finishing works we "»&"•

employ eight men, at ^1.25 per day without board. The mica is cut into various sizes

and shapes for stoves and other purposes, and Ave find a market for it in Canada, Markets,

the United States. England, France and Germany. It is of a rich clear amber color,
and the cleavage is perfect. Very rich shows of pin sphate occur in the mine, and Phosphate,

this year we will take out about one hundred tons. We are noAV openiug a Avhite
»mica property in the northern part of the county of Addington, on a vein Avhich

^i^orth^e°'/AV-'*
promises to give excellent results. In the same locality Ave have discovered a vein dington.

of quartz 30 feet wide, bearing free gold, but no development work has been done
upon it.

I
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Joseph Bawden—There is fine mica in the south-east part of Miller. Tt is

owned by some parties in Ottawa, and is on the property of a man called Landry.
There is uiica also on the Bedford iron company's property.

Geonje McMartin—I was sent to open a mica mine in the township of Miller.

It is muscovite of very good quality, and the crystals are very large. The vein is

in grey granite, and the vein matter is quartz and felspar. The mica is as fine as
that of Villeneuve. The mica is figured near the surface, looking as if trees had
been painted on it with the leaves all gone. In s>me places it is free from the
figuring and the mica is beautiful. At Sydenham there is amber mica, and there
is another deposit of mica on the other side of the Rideau, in Crosby, I think. It

is the same quality as that of the Burgess mine, but not as large a body. The
Burgess deposit is on lots 15, 16 and 17 in the 9th of North Bui-gess. The mica
occurs generally in pyroxene and snapstone, and is cased in granite. At the Burgess
mine the mica-bearing part is 50 yards wide, and the length about 600 feet. In
one or two places some ochre occurs, and the mica is near the ochre. Taken as a
whole it is very clear for that quality of mica. In the main lead it runs every way.
I think it is a mam vein with faults in it, and that bunches of mica occur all

through it. I do not think it is a continuous vein by any means. The demand
for mica has been very good for the last few years. Of course we cannot comj^ete
with the Villeneuve for quality, but our price is lower and we can sell any quantity
at a lower price. We reckon on getting 200 lb. of good marketable mica to the
ton, Hs it comes out of the ground. That costs about 3100 a ton in the rough, and
about 8100 a ton to cut it afterwards. The selling price is from 40 cents to 85.75
per pound, according to size. We cut nothing less than 2 by 3 inches. The
principal demand is for 5 by 7 inches, which sells for 85.75 a pound. The maiket
for mica is in Canada and the United States. It is used for stoves and for electric

motors. In a pound of mica 4 by 6 inche;^ there are 120 sheets, which retail at

ten cents each. I do not think the black is as good as the white mica for lubri-

cating purposes. The best for th:it purpose is the white soda mica, such as that of

the Burgess mine. As a general thing where we find dark mica and pyroxene in

this district we find phosphate near by, with granite generally as the casing. Some-
times we find diorite, but not very often.

TV. A. Allan—I have developed two mica properties, one in the township of

Villeneuve in Quebec, and one on lots 16 and 17 in the 9th of North Burgess, in the
county Lanark. The crystals are irregular through the vein ; some of them
stand on edge, and others at dift'erent angles. The vein matter in the Perth
district is a grey pyroxene, and there is a great deal of the rock commonly called

soapstone, but which really is not soapstone. The largest crystols taken out would
be about 15 by 20 inches ; they cut into plates of about 10 by 12 inches.

They are very regular and not at all twisted out of shape. The mica is not as

good as what is got out of the Villeneuve, but there is a larger marketable quan-
tity of it. The market is limited. The price for mica 1^ by 4 inches is 15 cents a
pound ; 6 by 6 is worth 86 a pound. There is no difficulty in selling the large

sizes in New York city. The market for mica is in the States and here ; there is

no market for it in Eur<)pe that I know of. I sent some to Hamburg and London,
and it was returned in both cases ; they wanted to know what its uses v/ere.

In Germany they use a yerj little of it for toys. It is admitted free into the States.

I have seen two or three deposits in Ontario, but the quality was not very good ; it

was not clear. There is very little white mica in Canada. In Villeneuve the mica
occurs in a mountain of quartz and felspar, very irregularly ; there is considerable
tourmaline through it. The largest crystal found there, was, I think. 24 inches

square, but that is very rare. If the mica would average 3 by 5 inches it would
be doing verj' well, and that W(juld be worth 84.75 a pound. The Burgess mine
was worked before it came into my possession some four j'ears ago. I have sunk
a shaft about 60 or 70 feet, and the whole floor is a mas.-; of crystals. That shaft is

10 feet by 12 ; there are three veins coming into it, and I think they will 'all join

together lower down. The crystals vary very much in size, some being as much
as two feet in length, some are much less. They are very irregular in shape, being
sometimes triangular, sometimes hexagonal, and sometimes partly round. They
range from an inch in diameter to 18 inches. Sometimes we get a large crystal 20
inches across the face, and a fracture may spoil it. We find no difticulty in getting

all the skilled men we require as mica cutters. There is no trouble, as we cut by
blocks of different size. I am working the mine with five or six men ; all the mica
is cut for stoves. I had 20 tons ground and sold it in Montreal, where it was used
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in the manufacture of lubricators. It is very good for that purpose. It was only

the refuse that was ground ; I sold it for $45 a ton. The Cyclone company ground

it for B20 a ton for the first lot, and $40 a ton for the second ; they only did it

fairly well.

E. V. Wright—There is good mica on the Petewawa river. Specimens were
brought in by an Indian, but I cannot say where they came from. The Indian said White mica on

he could get it of almost any size. The piece I saw was about three or four inches,
'^'^^^^^wa river,

and I think it appeared as if broken off. It was very ti'ansparent, and perfectly

white like a piece of glass. I think it came from about forty miles up the river.

I found some very heavy micaceous iron that one can rub to pieces like dust ; it is Micaceous iron,

-very heav}', and is on the Ontario side on a small lake near lake Temagami.

NATURAL GAS.

The enormous and apparently permanent yield of natural gas in the

United States to the south of Ontario makes the subject of natural gas well Found at several
•^ " points in

worthy of consideration from an economic point of view. This is the case Ontario,

especially as a large flow of gas has recently been struck at Kingsville, in

Essex county, besides discoveries at Courtright on the St. Clair river,

at Collingwood on the Georgian bay, and at Port Colborne on lake

Erie.

In the report of Joseph D. Weeks, in the volume of Mineral Resources of

the. United States for 1887, it is stated that while natural gas has been found its occurrence in

_ _
^

_
Pennsylvania.

from the Drift to Potsdam sandstone it has been chiefly in the Trenton lime-

stones of Ohio and the palaeozoic strata of the upper Coal Measures of Penn-

sylvania that the great deposits have been struck. The highest stratum in

which any considerable quantity has been found in Pennsylvania is the Home-
wood sandstone, the highest of the three recognised members of the Pottsville

conglomerate, the lowest being the Kane sand in Elk county. Mr. Weeks
estimates that the amount of coal displaced in Pennsylvania in 1887 was

9,867,000 tons, valued at $15,835,500. The total thickness of the strata
^^^ producing

which have produced gas in difierent parts of Albany and Greene counties in ^^^^^ ^^ ^^^'

the state of New York is computed by Mr. Ashburner to be at least 12,000

feet, extending from the Catskill white sandstone to the Trenton limestone.

In Ohio and Indiana, according to Prof. Orton, the only important

source of gas is the Trenton limestone. Unlike the Pennsylvania fields, he its occurrence in*
. . .

•' ' Ohio and
says, these western rivals are not confined to anticlinals or arches, but stretch Indiana.

out like coal fields. The Trenton limestone in those states, however, is largely

productive only when its upper portions have been replaced by dolomite or

magnesian limestone, and it is only in the fortunate exceptions that porosity

and structure combine to make it a source of gas or oil. In Indiana Dr.

Phinney has shown that gas has been found in commercial quantities chiefly The Cincinnati

in the Cincinnati arch or anticlinal, which extends from the south line of Ten- Ontario.

nessee through Nashville and Cincinnati to lake Erie, between Toledo and'

Sandusky. This arch, as pointed out on page 42, extends under the lake and

crosses Ontario in the counties of Essex, Kent and Lambton. " That the gas

is found in this arch," Dr. Phinney observes, " is no accident, but the result

of well defined and fixed laws, that govern not only the distribution of gas,

but oil and salt water as well." Gas and oil will, no doubt, be found in many

'

places outside of the productive area proper, but the flow will be small. This

appears to be true in Ontario as well as in Ohio, for although small show^s of

I
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gas have been struck in various localities in the province, it does not appear

to exist in abundance anywhere excepting possibly in the county of Essex.

Archibald W. Dhujman—I live in Toronto, and am a soap manufacturer. I have
been engaged in oil and gas operations in Pennsylvania, my experience running over
a period of about three years—from 1879 to 1883. I have explored both for oil and
ga^ in McKean county, Pennsylvania, and in the Kane district in that state, near
some of the tributaries of the Ohio. The wells or "gushers" of that region are
counted among the best. We were boring for oil when we iirst struck gas. The
gas was found at 2,250 feet, in the same sand rock as that in which we expected to
find oil. My observation would not lead me to believe that a similar formation
exists in Ontario. I have examined the oil regions in the counties of Lambton and
Essex in this province, and so far as the Petrolia oil region is concerned I would
not expect gas to be fou7id until they strike the Trenfou formation ; they are now
in the Corniferous. This is borne fiut by the fact that gas has been found in

Indiana and Ohio in the Trenton formation. The wells at Kokoma and Terre
Haute, Ind., and at Findlay, Ohio, are from f^70 to 912 feet in depth. A log of a
gas well at Kokoma shows : Drift, 5 feet ; Niagara limestone, 400 feet ; Hudson
River and Utica shale, 498 feet ; then four feet of an interval to Trenton limestone,
and live feet into the limestone. 1 have not visited the gas wells in the county of
Essex. I know that theie was a well drilled some 1,200 feet at (Jomber in that
county, but 1 am unable to say to what depth the well at Kingsville was bored. It

was reported that gas was got at CoUingwr^od, but in what quantity I am not aware.
I have a record of a well put doAvn at Whitby a short time ago for gas. The total

dejjth of the well is 72-' feet, of which 70 feet is through shale and (iOO feet through
Trenton limestone. Two shows of gas were found, one at 450 and the other at 71i>

feet, but they were soon exhausted. A well was put down in Toronto about ten or
twelve years ago at the Copeland brewery. They were boring for water and went
down 1,2 feet. The log shows 40 feet surface, 550 feet shale, 10 feet of an
interval, 600 feet limestone, and then the granite. Some salt water and some gas
were struck. J have also a record of a well at the asylum in London, put down by
the Government. It was drilled to a depth of 2,255 feet. The log runs : liO feet

of gravel and clay, 300 feet of shale, 1,00() feet of limestone rock, ir.O f«et of grey
^hale and salt, and the remainder red shale. They got wuter at 140 feet from the

top, and 25 or 30 feet of gO(jd t^alt a^ a depth of about 1,(300 feet, but there is no
record of gas. At Dundas a boring was made for 1,600 feet without striking the
Trenton limestone. There was red shale, as at London, but no lime rock. A well

was also drilled at Port Colborne, but I cannot give its depth. About twelve years
ago a well was drilled in the township of Hillier, in the county of Prince Edward.
The depth was 760 feet to the granite, and then 25 feet into the granite. An
abundance of water was found, but the driller does not recollect whether any gas
was struck. Ttie granite comes up within tea miles of that place. 1 do not know
of any district outside of Essex where gas has been found in the Trenton limestone
in paying quantities. Between Ontario and Quebec the formation of the limestone

is so sinular to that of Indiana and Ohio that there is a t^trong probability of gas and
oil existing there. Many anticlinal ridges are observed in that section, and where
these are found under like circumstances there is almost sure to be oil or gas.

However, I have no knowledge of either of these being sbruck up to the present
time. I am at present engaged in organising a company to make a series of tests

for oil and gas at certain points east of Toronto. With regard to the origin of

natural gas I may say that there ai'e two opinions held—one that it is a chemical
formation in a geological sense, and the other that it is the result of decaying animal
matter in the rock. Of course there is a chemical action in the latter case too, but
not from original elements. Natural gas is a product of petroleum, but we often

get it without finding the petroleum. It is in the petroleum just as we may find

benzine, tar, paraffine, etc. It may be that we get gas from the original crude,

but that would be hard to prove. Geologists find tl)at the best resu.ts are ^iven
when the Trenton limestone is not more than 200 feet below the tide level. Below
that there are n© anticlinal arches. The theory is that the salt water drives the gas

up by pressure. Where the rock extends over 200 feet below tide water there is

very little possibility of getting gas of commercial value. That is a theory which
has been demonstrated to be a fact as far as the Indiana and Ohio regions have
been explored, as the actual records of the drill prove it. There are always better

results above sea level than below, but the best point is where the pressure is
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equalised. The rise or fall of the tide, however, does not seem to affect the flow,

which is usually steady.

James Carter- We put down eight wells for natural gas at Courtright, but only

got gas to any extent in three of them. We found it in a ridge or vein cf sand, but Natural sras at

f e width of it I do not know. The vein is supposed to run north-east and south-
Pf^^J'^fJ'^^

''"*'

west. The average (^epth of the wells is about 105 feet. With the exception of quantities,

the vegetable soil it is blue clay all the way down. I do not know that it has ever

been tried for manufacturing purposes. One of our wells continued to blow for two

days and nights, and several carloads of fine sand mixed with water were thrown

out. The sand is dark grey in color. After it settled down the gas continued to

flow till it got choked up. We cased it down about 110 feet to the sand, but could

not keep it open. I cannot really say whether the gas gave out or whether the pipe

eot choked up. No wells have been put down successfully in this sand formation.

The existence of gas has been known here for twenty-tive or thirty years, but it has

never been used to any extent. About a quarter of a mile from one of our wells it

has been used for about a year in a private house for fuel. It burns with a yellow

flame, but by adding air to it in the pipe it becomes white.

Wm. Murdoch—We have natural gas in the Port Arthur district. No borings Found in silver

have been made, but it comes up in different places. On Silver islet the gas was islet mine,

met with when they were between 600 and 700 feet down in the mine.

PETROLEUM.

There are two areas in the county of Lambton which yield petroleum in

paying quantities, one at Petrolia and the other at Oil Springs. Taking the Two patroieum
^ J o i. > f«3o

producing areas.

corpoi'ation of the town of Petrolia as a centre, or, more exactly, the Imperial

refinery, the upper field extends to the north-west by west for nine miles, and

to the south-east by east for four miles, with an average width of two and

one-half miles. The Oil Springs field is six or seven miles to the south of

Petrolia, and runs in the same direction as the Petrolia field for a length of

two and one-half miles and a width of one mile, the southern boundary of

Oil Springs being about the centre of the territory.

THE PETROLIA DISTRICT.

The oil is struck at Petrolia at from 465 to 473 feet in depth, and is
pgtroiia field,

stated to exist in a porous dolomitic limestone from one or two to five or six

feet thick, brown in color (probably from the petroleum), and very soft. A
log given by an experienced driller shows :

Alluvial matter 100 feet.

Limestone rock 35 to 40 feet.

Soap rock and blue clay below 130 feet.

Middle limestone 15 to 18 feet.

Lower soap rock, shale 40 feet.

Hard limestone rock - 90 feet.

Limy freestone 55 feet.

Total to oil rock 4G5 to 473 feet.

The well bored on lot 12, concession 1 1 of Enniskillen, gave :

Surface clay 104 feet.

Limestone 40 feet.

Shale 130 feet.

Middle lime 15 feet.

Lower shale 43 feet.

Hard white limestone 68 feet.

Soft white limestone 40 feet.

Big lime or oil-bearing rock 25 feet.

Total to oil rock 465 feet.

There are about 2,500 wells in this field, according to the evidence.
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PRODUCING AND STORING PETROLEUM.
The wells are drilled 4f inches in diameter, and where casing is put down it

is rimmed out three-quarters or one-half of an inch, the casing being 4| inside

and 51 inches outside diameter. The hole is put down in about five or six

days, and costs from 1150 to $160. In the early days the cost ranged from $1 to

$3 per foot, and the time occupied from two to six months. Wooden rods are

now used altogether instead of cables, a steel drill 3| inches in diameter

and 25 to 30 feet long being attached to the lowest section. Two shifts of

three men each form a drilling gang. These Petrolia drillers are very expert,

and are called for all over the world, much work being done by them in

Europe, Asia and Australia.

When the drilling is completed a pump of 1^ to l^ inch tubing is put

down, and the well is ready for operation. By a combination of pump rods

working from a horizontal wheel, and so arranged that their weights about

balance one another, one engine can pump a large number of wells—as many
as 90 in some cases. These driving rods are known as "jerkers," and are

driven by an engine of about 12-horse-power. The wells yield at the present

time about half a barrel of oil on the average per diem, and all have to be

pumped. In the old days some flowing wells Avere struck, and as in some

cases the tools used in drilling these wells suddenly dropped where oil was

struck, it was inferred that large crevices existed which held accumulations

of gas and oil. Old wells are being constantly abandoned and new ones

drilled.

The petroleum after being pumped into the wells is run into large under-

ground tanks, which are built by boarding up an excavation and covering it

over. The soil about Petrolia is an impervious c\a,y, and these underground

tanks hold the oil perfectly. They are always kept filled with either oil or

water, as otherwise they would cave in. An ordinary sized tank is 60 feet

deep by 30 feet diameter, holding 8,000 barrels. From these tanks the oil is

pumped to the refineries.

The Petrolia oil is an impure variety of petroleum, much tainted with

sulphur. The odor of sulphuretted hydrogen is very strong all about the

neighborhood. In the evidence the oil is alluded to as consisting largely of

an abnormal series of hydrocarbons. The crude contains less of the illumin-

ating oils than the Pennsylvania crude, and more of the heavy lubricating oils

and paraflfine. Much ingenuity has been resorted to in order to remove the

sulphur and the free carbon of the broken molecules of hydrocarbons,

which together have the effect of causing a bad smell, encrusting the wick and

smoking the chimney when burning.

DISTILLING AND REFINING THE PETROLEUM.

The crude oil is distilled in large sheet-iron retorts. The heat is fur-

nished by a spray of mixed petroleum and steam, injected into the fire cham-

ber below the retort, which is lined with fire brick. The distillate is carried

through tubes immersed in long vats of water. As the different distillates

make their appearance, at various stages of the process, they are led into

different troughs and flow into separate tanks. First the incondensable gases,

gasoline and naphtha, come off; then the illuminating oil ; following that the
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intermediate and wool oils, and lastly the lubricating oils ; while an incrusta-

tion of carbonaceous matter or coke is left in the retort. This coke is sold in the

locality at $1.50 per ton, and makes a good fuel. All the grades of the distil-

lation are divided at will, either by stopping the process at various stages or

l)y subsequent redistillation and treatment into an almost endless variety of

lighter and highly combustible intermediate illuminating and lubricating oils,

and also into such solids as vaseline, paraffine, etc. Tars and asphalts might

be produced from an oxidised matter which is thrown away. The products of

•evaporation may be roughly divided into 40 per cent, illuminating oils, and

"the other 60 per cent, the above mentioned articles ; or, more exactly, burning

oil 38 to 39 per cent., gas oil 17 per cent., tar 18 per cent., waste 10 per

•cent., water 6 per cent., and coke 9 per cent. In the illuminating class the

specific gravity of the following three brands will serve as an example of the

gradation according to quality : Water White .786, Economy .800, Standard

.802. The fire test of 95'', at which the oil ignites, is common to all grades

•of illuminating oil. Another grade of brands, with all higher products men-

ttioned after incondensable gases have gone oflf, is :

1st product 74 naphtha.

2nd

3rd

4th

5th

6th

7 th

62 benzine.

water white illuminating oil 788 gr.

carbon safety illuminating oil 796 gr.

standard illuminating oil 802 gr.

intermediate oils (for gas works)

neutral (for wool) 850 gr.

The process of refining the illuminating oil is to agitate it with 2 per cent. „^ „ .

, .
The refining

of sulphuric acid, (which costs 81.40 per 100 lb. at Petrolia,) to remove the process.

"free carbon or tarry materials which are drawn off below, then, after washing

it with water, caustic soda and litharge are added. The litharge (oxide of

lead) combines with the sulphur and forms lead sulphide. Flowers of

sulphur is then added, which precipitates the lead and other impurities, and

the oil is left cleared, but enough sulphur generally remains to be a source of

trouble.

A process which has been patented is in use in several of the refin-
T • • 1'MT 1 -ir- 1-1 A patent process

eries. it consists m re-disbilling the oil after the litharge and cau.stic soda of reaning:.

have been added, and before the flowers of sulphur has been put in. Most

of the sulphur is then left in the retort in combination with the lead. The

rest of the process is then carried on with the re-distilled product as above

described. Finally, in all processes, the product is bleached in the light in an

open vat. The resulting illuminating oil is shipped in very strong barrels,

•"but some Water White is put up in square tins.

The tar, or residue after the illuminating oils have come off, is re-distilled,

^rom which about 70 per cent, of gas oil used in making illuminating gas and <"' petroleum.

30 per cent, parafiine oil are obtained, according to the grade required. The
paraffine oil is put into a freezing vat, and from 8 to 10 per cent, (or one

-pound to the gallon) of paraffine wax crystallises out from it. This wax has

all the oil squeezed out by pressure, and is refined by chemicals, one part of

the resulting yield being made into wax candles and the other smaller portion

into a wax which is used as chewing gum and for various other purposes.
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The residue oils, after the paraffine has been crystallised, are made into lubri-

cating oils, such as paratfine oils, cylinder, mineral lard, mineral seal,

neutral, black lubricating, axle grease, vaseline, etc.

THE OIL SPRINGS DISTRICT.

At Oil Springs the oil is struck at 370 feet deep, or at about 100 feet less

field." " than at Petrolia. From July 1st, 1887, to July 1st, 1888, 244 wells were

put down in this district, and at the latter date the number in operation was

964. This field extends over lots 16, 17, 18 and 19 in the 1st and 2nd con"

cessions of Enniskillen, there being 258 wells on the 1st concession and 70&

in the 2nd.
COUNTY OF ESSEX.

Several wells have been put down at Comber. In one the show of oil was.

ber^in E^sex?"^ found in deep sand at 1,213 feet, and the second in deep sand at 1,240 feet.

It pumped 100 barrels of oil, and flows a half barrel per diem. Niagara

limestone is found at 600 feet.

MANITOULIN ISLAND.

The Commission also visited some quartzite ridges on Manitoulin island

hland°"^'" striking north 80^ east and dipping 65° north, winch are met with on the road

from Little Current to Sheguin-

dah. They rise through some bit- ^^^^y^®/^^^^^^^^^^^^"''
*-^^*-

uminous Utica shales, and at the ^^iY,/yXAa^^^^^^^
north end of Pine lake pe- -^ ^.r ^. ^- * . .• » d- i i ^^ Fig. 27. Section of formation at Pine lake.

troleum exudes from a hole 6. Shales, s. Quartzite.

which, it is said, has been drilled down to the quartzite. In that case it

was, of course, useless to drill any further. It is stated that about a barrel

of petroleum flows out of this hole with water per diem. The quartzite is

very white, and is said to be adapted for the manufacture of fire brick or glass

after being ground. There is an unlimited quantity of it.

Martin Woodward—I am a member of the firm of M. J. Woodward & Co. of

Petrolia. I have been in the oil business since 1*^70, but was interested in some
wells before that. I first began business here in 1868, a few years after the first

discovery. The process of putting down wells at that time was about the same as

to-day, but there are of course some little improvements in the tools and machinery.

Sinking the oil Before 1 catne here they used to crib down to the rock ; that was mostly done in
wells. tiie flats, wliere they usually struck the rock at 40 feet. There were quite a number

of these cribbed wells, and on the high land they generally struck the rock at 96 or

100 feet. I cannot say from recollection how long it took to get down in 1868. The
tools were lighter then, and they drilled in wet holes ; now they drill with heavier

tools and in dry holes, allowing in only the amount of water they require. I have

, known them to take six months to get a hole down. When I first came here the price

was about $1 a foot for ordinary rock, the owner of the well furnishing the casing,

processes" corn^ Now they use a 4^ inch bit and usually drill a hole in about four or five days, at a
pared. cost of about ^160 a well, the owner furnishing the casing. The driller puts the

pump down and tests it for a day. There are men who make a business of putting

down wells, and they run night and day. A gang consists of six men, three work-
ing in the day and tl ree at night. Pole tools are now used ; they consist of a bit

and an iron bar about three and a half inches in diameter, and connected with the

beam above by jdoIqs. Wheir water is struck now" it is shut oflT w ith the casing, which
is usually at a depth of 270 feet. At 275 feet we get the middle limestone. After

Casing the well, putting in the casing they drill in a dry hole, where they can strike a heavier blow
than is possible if the well was filled with water. They run with perhaps 30 or 40

feet of water, whatever is required. After the first 275 feet the casing shuts off

the water, and in jji-actice tha*: is all the casing put down. The jjump is put inside the

casing ; it is generally from Ij to I5 inch in diameter, and is the ordinary lift pump.
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The averago daily supply from a will is from live to ten barrels of water and oil

mixed, but of oil they average something less than a barrel a day. I have known Pumpinorthe

as many as ninety wells to be pumped by the one engine. In nu)st oa.ses they use ^^'*"*-

a bricked-in boiler. The drive wheel is c<innected with a wheel which has a pitman on
each side that works a horizontal wlieel backwards and forwards. The jerker rods

are attached on opposite sides of the wheel and connect with the pump over the

hole. Iron rods are used in the pump, their weight being sufficient to make it drop.

As far as I know the jerker was first used here ; 1 never heard of it anywliere else

before. It was used here before it was introduced in the States. 1 cannot tell you
the number of wells that are being worked in this territory, but I think there are

about 2.500. The length of the territory is about seven or eight miles, nearly east Kxtent of the oil

and west. It extends into Saruia township, and seems to be froni half a mile to two ^'•'"'^oo-

miles wid'\ The oil is struck in a kind of lime rock ; sometimes in drilling we get

a sample of the rock ; it is a limestone of the Corniferous formation. At the Im- The oil bearing'

peiial works here they went down 1.2uO feet, but I cannot tell you what rocks were '""^*^'°°-

passed thr >ugh. They did not get oil at that depth, but they struck t^alt. 1 under-
stood at the time that the salt was 17o feet thick. When wells are put down now
they don't seem to have the same pressure as in the eai"ly days. Formerly in some
cases tliere were large Hows ; now the oil hardl}' tl iws at all, and when new wells

are pur down it is usual to shoot them with a cliarge of nitro-glycerine ; that is done
for the })urpose of opening up the rock. The total out[mt of the territory, including putput of the

Oil Spring-, is about (500,000 barrels of crude j'early. When the petroieum is "
^''^'

pmnped up it i:j stored in underground tanks where it is kej)' till wanted. In some
periods of the year the demand is greater than in others and more is relined

then than the weUs produce ; then the .sup])ly in the tanks makes up what is Storage of crude

required. In speaking of a barrel of crude oil we always mean 3'> imj)erial gallons.

There are three tanking comi)anieshere, but I cannot tell when they were organised.

Wheii I came here the princi})al refining works were at London, and there are I believe

two retineries there still. besi>!es one at Hamilton, one at Montreal and one at Sarnia,

but the two last named are not working now. In 1870 there were over forty itefineries.

retineries in the comliinati<'n, and they were mostly at London and Ingersoll. the
majority being at London. The business gradually began to centre at Petmlia after

the Michigan Central rail wa . came here. There are nine retineries ht re now. I

do not know their total capacity, but I think that including the two lefineries at

London it is about double what is required. When I came here first they treated The old process

the oil with sulphuric acid and caustic soda, and made a very strong smelling oil. of distillation.

The lead treatment Cime in shortly afterwards. In 1870 we calculated on al>out

CO per cent, of illuminating oil, but there was a lower fire test then tlian now. The
oil was put in stills somewhat smaller than those at present used, and after it had
been distilled the illuminating portion was treated with 2 per cent of suljihuric acid.

The tar w^as drawn off, the oil was washed with water and allowed to stand s^me time.

It was then drawn off and agitated with a solution of caustic soda ; then it was put in

the bleacher, exposed to the sun, and then barrelled. At that time a great deal of

the tar ran down the creek and was lost. Seme of the refiners stored it, thinking
it would become valuable ; and subsequently a good many thousand barrels were
sent to Boston and Xew York. It went in as coal tar, and there was 20 per cent,

duty upon it. There was then a duty of 20 cents the wine gallon on crude oil, and
40 cen*:s the wine gallon on the refined. The duty now is 20 per cent, on the refined

and the crude oil is allowed free into the United States. At first we were allowed to

manufacture of any gravity, but some years ago the law in that respect was changed
and the gravity clause was put in ; that caused a change in the system of manu-
facture. The process at the present day is very similar to what it was formerly,

except that instead of caustic soda, we mix in oxide of lead dissolved with the acid

and agitate with that. It is afterwards treated with sulphur to remove the lead.

The lead treatment was introduced I think about 1870. In the last two or three The new process,

years further improvement Ims been affected, but it consists princijially in

increased skill in handling the chemicals. Distillers and treaters understand their
work better than formerly. People would not burn such oil now as they used in

1870. It had a very bad smell then ; now there is far less smoke and odor than under
the old treatment. Our percentage of illuminating oil now is hardly 4(> per Criit.,

while under the old .system it was (iO per cent. Our percentage was reduced when
the gravity test was made. A})art from that we would have to make better oil now.
There is a good deal of the tar used for fuel, and above that there is a certain amount
of waste, coke and dirt. We get a good many by-products from the tar, paraffino par.\ffine.

wax being one. But all the refineries are not run the same wav : some utilise all
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the pi-dducts and some do not. Tar has been used for fuel the same as it is to-day
during the whole of ray time here, and it is the cheapest fuel we have. It is sprayed
into the furnace with steam. It could be generally used tor fuel, but cannot bear
the high freight. There is more benzine made than formerly, about 7 per cent,

altogether. After using what we require for fuel purposes we get about 8 per cent,

paraffine. First we make 70 naphtha, then 63 naphtha. The 70 is used for naphtha
stoves and such purposes ; the 63 is used by painters principally. We manufacture
three grades of illuminating oil—Homelight, Economy and Standard. The fire

test, which I think is higher than necessary, is about 95. The higher the test the
less can be extracted from the crude. Our different grades are of different gravities,

Home Light is .786, Economy .800 or .801 and Standard .802 to .803. Our oil is better
in some qualities than the American. Our best is equal in color, and has better
capillary qualities than the best American. It gives very much the same flame, and
of the same color, but is not so free from sulphur compounds as the best American.
There has been a prejudice against Canadian oil, and it has had a bad name. Now
we are overcoming that, and getting a better price than formerly for our best ; we
get from 15j to llh cents according to quantity. The best American Water White
is laid down in Toronto for 22 cents, and the ordinary grade about 20^ cents. That
includes the duty, which is 7.2 cents ; there is also a duty on the package. With
American oil it is not a competition of price, but of quality. I know instances
where our oil is sold for American. From the residuum after taking the illumi-

nating oil, we make about all the different kinds of macliinery oils that are required.
Mineral oils are fast taking the place of animal oils, and very little of the latter is-

now used. We also manufacture a wool oil, so that there is very little waste from the
crude. Gas oil is another product. It is used in making gas, and was I think first

introduced in Toronto for this purpose. They began using the crude oil, but changed
into this intermediate oil. It cheapens the manufacture of the gas very much. Our
illuminating oils are all sold in Canada ; we don't ship any to foreign countries. We
cinnot compete with the Americans. They have better facilities for reaching the
seaboard, and they have an advantage in the quality of their crude oil. We export
some lubricating oils to the States, and supply several railways there. The crude
or refined paraffine can be sold in Glasgow or Liverpool. John McDonald and the
Imperial Oil Co. refine their paraffine. Our refinery employs seventeen men, about
6 or 7 being skilled men, distillers and treaters. The general wages are from
$S to S15 a week. Treatei-s get from 82 to §2.50 a day, distillers $10 a week and
yardmen S± We use about 75,000 barrels of crude a year. At Comber in the
county of Essex two wells have been put down, the second one last year and the
first one the year before. The first was put down 1,230 feet and struck oil at 1,210.
In the second we got oil at ],'210 feet and the oil rock between 1,245 and 1,280 feet.

There is 116 feet of drift on top of the rock there, below which is the limestone, but
there is no soapstone. We thought we struck Corniferous limestone. The fornia-

tioa seems to be the same as in Ohio. 1 think we went through the Niagara
formation about 600 feet. The first well is on the Lalonde farm about a mile north
of Comber ; it pumped about fifteen b .rrels the first day, and then fell away to two
or tbree barrels ; we pumped about a hundred barrels out of it. They claim now
that it is flowing about half a barrel a day. The second well was about 500 yards
north of the first, a!\d was not as good. Stone like Utica slate was got out of the
first well when shot. We got bitter water at 230 feet, salt water at 720 feet and
then shales and streaks of liuestoae from that down. We got some gypsum below
the bitter water I think. We struck some surface oil at 230 feet, at 270 feet we got
another show, and at 608 feet we put in the casing. On the 1st of July last there
were 964 wells at Oil Springs. They are located on lots 16, 17, 18 and 19 in the
1st and 2nd concessions of Enniskillen ; 258 in the 1st and 706 on the 2nd. The
product at the present time is about 20,000 barrels a month. The burning oil sells

for about 14 cents per gaUon, the gas oil for 7 or 8 cents, and the tar is worth 75
cents a barrel ; the coke does not count.

J. H. Fuirbank—I came to this country in 1861. In 1859 or 1860 the first

attempt was m ide at utilising Canadian petroleum. The first attempt consisted in
extracting a liquid from the " gum oil " that found its way t- the surface at
what then was known as the "gum beds " at Oil Springs. Then surface wells
were dug to a depth of 40 to 60 feet ; they were not flowing wells. Near the sur-
face rock was a bed of gravel, and on reaching that the (dl would press into the
weil and raise it quite a number of feet. The surface well was usually a shaft of
four or five feet in diameter. That was done both at Oil Springs and here, and was
the first development. The first drilling in the rock was at Oil Springs, about
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1861—and soon after rock wells were sunk here. After a few had been put
down at Oil Springs they struck the great flowing region. At that time they
cribbed a four foot shaft down to the rock, and most of the drilling was done by
hand power. In the winter of 1801-6'2, flowing wells were struck which produced Flowing weiu
very largely, some of them reaching into the thousands of barrels in 24 hours. The at Oil Springs.

great bulk of that oil went into the creek and was lost. Quite a number of such
wells were put down, and I think at one time there mvist have been twenty flow-

ing wells ; there was hardly a pump operated. The price of land went up, but
there was nothing like the excitejuent that occured subsequently. It was then
twelve miles to the nearest railway station at Wyoming. There was navigation,

but it never amounted to anything except one season when a few thousand barrels

were floated down. A plank road was built to the railway and the oil went that

way. Between the striking and the controlling of the flowing wells there was a
period of great waste. I think these wells did not continue more than two years
after tht-y were struck ; they chancred to pumping wells, the supply seeming
gradually to btcome exhausted, and water took the j^lace of the oil. Between
that time and the end there were two periods of excitement, and some years after y, ^.. ^ ,,

that Oil Springs became practically deserted. About 1865 developments were at Petrol ia.

made at Petrolia within the present corporation, but no flowing wells were struck
till a later period. The flowing well period in Petrolia was about 1806 ; that was
in what is known as the King district, a little west of the present town. We have
had wells there as high as 400 l^arrels a day. At Oil Springs the flow was very
much stronger ; I think the Black and Matheson well at Oil Springs flowed as

much as 6,000 barrels in 24 luairs. I mad"? a calculation at the time, and it was
about that. That great flow was only of short duration, lasting a few daj's till it

was controlled. Here the greatest flow was from 400 to 800 barrels, and not much
was wasted. These wells continued to flow a good while, and then it became
necessary to pump them ; some of them are pumping wells to-day. Some small
flowing wells were found beyond the King district, but that was the great centre.

Flowing wells were generally found where there were crevices. At Oil Springs at
370 feet they struck a great crevice. The production is now gradually falling off;

new wells have to be sunk all the time. I would estimate the number of new wells
last year here and at Oil Springs at 400. Wells are not abandoned till the pro- Tlie cost of sink

duction falls to a few gallons. The cost of sinking an ordinary well in the old days, '"- «ells

after the machinery was ready, was about 81,500. The contract price was gng^
^° ^^^'

generally about S3 a foot for the first 500 feet, and it usually took about three
months to put down a well. That of course cheapened till now the price for sink-
ing a well is about §150 or §160. I have not known it less than that at Pe'rolia.

At Oil Springs it is less on account of the depth being 100 feet less than here
;

the depth of wells there is 370 feet. I do not know why it is less than here, as the for-

mation is about the same. I do not know how many wells were abandoned last year,
but I do not think there were as many as 400. Some are being constantly '^^j^"doned

aba' doned ; in some instances they are allowed to stand, but in others the tubing
is taken out. There are now no large wells at all. The system of working a num-
ber of wells from the one engine, the jerker system, came in as the production fell

ofi". When we had large wells we would abandon a well that produced only five or Tlie jerker

six barrels a day ; now the man who gets a well of that kind is considered to strike ^-^ ***"? "*

it rich. The jerker system was adopted about twenty-five years ago. I remember "

the time the first jerker was put into operation. It was not patented, and I do not
know that it could be. 1 had a well too hard to work by man power ; I hadn't an
engine, but there was engine power within reachand I applied the present jerkersystem.
I think that was in 1863. The majority of wells were then worked by man power
with a spring pole. The jerker is universal now, and it would be impossible to
work upon the old system. It was first used with a horizontal walking beam, that
was afterwards improved by using the wheel, with which there is a great deal less

friction. I think Mr. Reynolds was the first who introduced the wheel ; he is still

here. With one engine now they work from half a dozen to eighty or ninety wells,
with one boiler but often two engines. I do not know how many owners of oil

properties there are. There are some who have two or three wells in their back
yards, and some have up to <»ne hundred in a group. The thicker the wells the Groups of wells,

sooner they will play out. We have instances here where the oil supply was coming
from a distance—a producing well being tapped by another a distance of half a mile
away, thus showing the connection between the two. There is no indication of the ^he petroleum
oil Coming from a bed lower down, because when we go lower down we do not find bearing rock,

it. I do not think we have any producing wells below the depth of 500 feet. We

II
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find the (il in the oil-bearing rock, which is a soft porous rock varying in thickness
from one to five feet. I understand the Ohio oil is said to be in the Trenton. Our
deepest boring here was 1,500 feet, but I do not know whether they came to the
Trenton or not. I think the oil is on a certain saturated area, and not that it

comes from below at all. At one of the natural s^jrings at Oil Springs tliey found fine

sand all the way down to the bed rock. We have to be very careful about going
below the porous rock, as we get into water. After finishing a well now we put in

eight quarts of nitro-glycerine and shoot it off. Below our formation we have 100
or 200 feet of salt. It is said to have been found at Glencoe at 1,200 feet. Here
we struck it between 1,100 and 1,300 feet, but we have not t^ot sufficient water to

work salt here. The first refinery was established here, I think, in 1801 or 1862

—

one of the first refiner es in the country and before any were established in London.
The Great Western railway was built to Petrolia in the winter of 1867-68. Before
that time the crude oil was hauled to Wyoming over the plank road. There were refi-

neries at London before the railway was built to Petrolia. There was a period

during which we were exporting heavily, and during that time there would have
been more refined. In 1870, 1871 and 1872 I think we were exporting heavily,

nitarly altogether to England, but the Americans drove us out by producing better

and cheaper oil. They can produce a cheaper oil to-day. The great point in their

favor is that thej' have a better crude for illuminating purposes, nearly free from
sulphur. They have a superior raw material, but for lubricating purposes ours is

fully as good as theirs, and we can produce as cheaply. At the present time the

United States ships largely to England. If England allowed us lU per cent, advan-
tage it would give us a large trade if we had the quantity to supply them, but I

think our supply is limited here. I was never intei'ested in Bothwell ; at that place

operations were carried on from 1860 to 18t}5. The surface oil was known for many
years and was gathered in the early days as medicine. There is oil in the Bothwell
district in different places in small quantities still but drilling has not shown that it

is in paying quantities. 1 do not remember the depth at which oil was struck there, but

I think it was 2o0 feet or more. I do not think there is any chance of the indus-

try being revived there at the present price. They stopped producing when oil was
worth f3 or $4 a barrel. The highest price reached here .was $10 a barrel

—

that was in 1865. I think it went as h.vA\ as f 11—the highest I sold at was $7.50.

At the period of the large flowing wells at Oil Springs it was worth almost nothing,

about ten cents a barrel ; that was about 1862. For a short time about 1865 or

1866 it touched |10or$lla barrel. The refined oil was then worth 50 cents a

gallon. When oil was first found at Oil Springs we were burning whale oil at $1.25

a gallon. There has been recent improvement in wicks, the circular wick ; but as

to burners, the old sun-burner is as good as any. There has been no imj^rovement
in the (jrdiuary lamp for a long time. The whole population of this town is directly

or indirectly employed in the industry. I do not know how many men are em-
ployed, but the number is very large. The refining industry has increased very
much within the last two or three years. Nine-tenths of the oil of this country is

manufactured here now, and that has increased the number of men employed very
considerably. There are large quantities of chemicals used here, our boilers are

manufactured here, our stills are made here, and our brass goods are partly manu-
factured here. All our engines are manufactured in Canada. There is very little

pipe manufactured m Canada ; there is only one manufactory where it is made, and
that is in Montreal. They do not make the kind of pipe we want. All material

that enters into consumption here has to be of the best quality we can get. It is

owing to that and the skill of our drillers that Petrolia men are in demand all over

the world. Parties are going out every month. We have drillers now in Germany,
Austria, India, Burmah, Mexico and Australia. They are in demand in Pennsylvania.

I do not know how many gangs are engaged in that industry ; I think more than a

dozen have gone away within a month. The cause of the demand is. that they have
superior tools and possess superior intelligence. Our manufacturers of tools have
succeeded in getting the greatest possible strength within the smallest limit, and
the training here makes the men perfect in their department. When they come in

contact with any of the European drillers they distance them completely. The
men are largely the sons of settlers and people who drifted into the oil business.

The work is very hard, and requires a strong frame and a clear head. Our men
become great exy)erts at it. By handling the pole they can tell what is going on
down below l,0(iO feet as' well as if they were there. We drill much quicker tlian

we used to. Wages, except at the time when it was known but to few, remain
about the same. A fair driller gets $2.50 a day. When they go abroad they get
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good wages, and expenses paid. They are paid by the day in going to Germany,
Austria and India. The pay commences when they get there and continues till

they reach home ; their expenses are also paid. The improvement in the quality

of illuminating oil wilhin the last two years has been very marked ; the improve- Inprovements

meiits have been made altogether by those n\ the business, very little lias been '° °'i refining,

done by chemists or experts. The Oil Exchange, of which I am president, was
organised about four years ago. The object is for buyers and sellers to meet at a Oil Exchange,

certain hour of the day. Formerly the bulls and bears walked upon the streets,

and that was not a very satisfactory way of doing business. The exchange has
facilitated business. We had combinations here, but they would generally last for

a season and then break up. The first combination was organised with the object of

encouraging cxpott, and it succeeded fairly well ; it was organised in 18G9. We dis-

criminated between home consu'nption and export prices, and sent the surplus abroad,
Tfa^jg combina-

chiefly to England. Competition would be ruinous
;
jobbers would take advantage of tions to eu-

that and reduce the price below cost. The price of relined oil has been run below ten courage export

<;ents a g lUon, and crude has gone down to fifty cents a Hai'rel ; that is the lowest in the quality of

modern times. The first combination we had lasted two years. The last one was illuminating

organised especiall}' to improve the quality of illuminating oil. It lasted eighteen °

months and ran through its course. A certain quality of burning oil was lo be manu-
factured, and was to be subject to the examination of the board's inspector. The
report of the quality was laid upon the table every week and w<iuld show one man's
oil to be better than anothei*'s. This caused a rivalry ; the treaters and distillers

were put upon their mettle ; the result was a great improvement in the quality,

and it has to a great extent continued. The Americans were giving our people
better oil then they were selling at home ; they were our competitors, and wanted „ ,. ...

our trade. The oil busine.ss thei-e is managed by an immense corporation with the great

unlimited resources, great advantages in the way of freights, and its affairs are United states

sometimes legislation, we think. They sent in a good article and it was necessary
'^°'^°'"^-

managed with consummate ability ; it controls transportation and tankage, and
that we should meet them. The sharpest competition is on the eastern coast

;

there the freight on the American oil is very low, while we have 1,200 miles
of railway. Having that advantage there they push us very hard, and they also make
a gre it push for Manitoba and British Columbia. Competition presses hard upon
the frontier, and it is difficult to do anything in the Niagara district, though
we send our best oils to those districts. We manufacture oil now that is as

good as their best, and superior to their ordinary, and to what they use at home.
We do not have the trade test now, and I think oil sometimes comes on the mar-
ket that would not have passed our inspector. I do not think the Government
shovild deal with matters of quality ; that is an affair between the buyer and seller._|

I think sulphuric acid could be made in this country and used in the manu-
facture of superphosphate. The sulphuric acid has been sometimes recovered here. Sulphuric acid.

We have sent a good deal of our spent acids from here to Detroit to be used in
making fertilisers in connection with the bone phosphate. For our purposes sul-

phuric acid made from pyrites will answer equally as well as that made from
brimstone. A very considerable quantity of acid is used here. We make as good
a lubricator as ever was manufactured. I have used it for five or six years, running Lubricating oUs.
engines, and they have required no repairs. I prefer it to the best lard oil. I

supply it to the lake Superior steamers, and they find they can use it in their
sttam cylinders.

H. Kiftridge—I am a member of the firm of McMillan, Kittridge tt Co., and
superintendent of the works. I have been in the oil business in Canada since

1865. I first located in Bothwell during the excitement there, stopped there a few
months and then went into the contracting business putting down wells. I came
to Petrolia in 186'o and drilled for two years. There was no cribbing done in my p't^o^a'in'isee
time ; the surface stuff was bored with an auger as now, and there has been no change
in that respect. We considered then that twelve or thirteen days was particularly
good time, working night and day, and that with the same number of men as now.
At that period the greater part of the drilling was done with the cable tools, which
system require.s only four men to run night and day. That system is entirely done
away with in Canada ; ash poles with joints are entirely used. In using the poles
it takes longer to c'ean out the hole at a great depth than with the cable system.
In the winrer of 1866 I drilled the well known as the Lancey No. 1. It was
drilled with cable tools, and in drilling it we raced with a gang using the pole The Lancey well,

tools ; we drilled 530 feet and they drilled 30 feet less, but we beat them.
Their gang was considered the best in the community. Our time was fourteen days.

11 (M. C.)

1
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After the well was clown it was offered to me for §50 and I refused it ; two days
after it pumped 400 barrels a day. It has been abandoned quite recently on
account of having too much water. I was never engaged in the tanking business,

and I did not go into the refining business until 1878. My first experience in

refining was at Oil Springs. I started up the old refinery during the existence of

the combinatim and cimtinued there about nine months. That refinery must
have been built in 1863 or 1864. At one time there were six refineries at Oil

Springs ; that would be between 1862 and 18G5. In 1867 the last one shut down.
They shut down owing to the failure of the supply of the crude material. A large

quantity of crude oil went from Petrolia there to be refined, but everything was on.

a very small scale then. Our present works were started in 1880. We ai-e work-
ing under a patent process which stands in my name. Mr. Woodward has a patent

which is about the same as mine. The best way to explain the system will be to^

read the patent. It is as follows :

I am aware that the present ordinary method of refining illuminating petroleum is to-

treat the distillate obtained by the distillation of crude petroleum with sulphuric acid,,

caustic soda, litharge and the flowers of sulphur. In such method the distillate is first treated

with the sulphuric acid to remove the tar and other impurities that may be aflfected by the

acid. Then after being washed with water, caustic soda is u.sed; and in order to deodorise

the oil thus far treated the litharge is added. Then in order to precipitate or settle the

litharge or other impurities, or compounds of said chemicals, the flowers of sulphur are added.

But oil so treated gives off an offensive odor when burning, always smokes the lamp chimney
and crusts the wick ; which defects I claim are removed by my process. In my process, take

the distillate obtained as aforesaid, treat it in the ordinary way as before specified up to the

point when the flowers of sulphur would be added, but do not add the flowers of sulphur.

Then at this stage of the treatmf^nt return the oil thus treated to the still and re-distil it.

The distillate product of this redistillation is then to be treated in the ordinarj' method as

before specified, with sulphuric acid, caustic soda, litharge and the flowers of sulphur.

When we put the lead in our oil to treat it, it combines with the sulphur, the

color is changed, but the lead remains in the oil and cannot be got out. Then we
put in sulphur and that leaves the oil light and clear. We have rendered the oil

sweet to the nose, but the sulphur is there and as soon as we burn the oil we have
the bad odor and the smoking of the chimney. By my system the sulphuric acid,

lead and sulphur are extracted. There is a little sulpliur left, but it is much
better than the old system. We have not got a perfect system, but we have im-
proved upon the old, and it is good as far as it goes. We make very fine oil, and
the Americans have to send their very best oil, to compete with our improved and
to hold the market. We have three large stills, and one re-distilling still. The
capacity of our three stills is 300, 275 and 250 barrels. We make two runs in the

week, but we could if necessary make three runs in that time. As we make mostly

an extra good illuminating oil w3 get a small percentage from the crude. The
first product is 74 naphtha, 62 benzine, then the Water White illuminating oil ; we
make four grades of burning oil. The specific gravity of our Water White is .788.

We make a special oil for Rogers of Toronto, the Carbon Safety, gravity. .796.

Our third and standard brand is .802. We make a neutral oil of .8)0 gravity ; that

is used mostly for wool and for adulterating all kinds of oils. We make parafline,

but not extensively, besides various kinds of machine oils. Our market for illu-

minating oil has extended this year from the furthest points in Manitoba and the
North-west territories to New Brunswick—generally speaking all over the
Dominion. The demand for our Water White is increasing. Our oil has been
handled altogether this year by Samuel Rogers of Toronto ; we have not therefore

solicited outside orders. Some of our oil is shipped in tank cars and barrelled in

Montreal. At the pi'esent time we employ eleven or twelve men. There are

three yardmen, one treater and his assistant, and two stillmen. 1 have no man
working less than $9 a week. The treater and stillmen are getting $2 a day each,

and the coopers get $2 a day at this season.

James Kerr—I came to Petrolia in March, 1862, and have been in the country
constantly since. During that time I have been connected with the oil business,

experimenting, operating, putting down wells, building refineries, etc. I liave paid

a great deal of attention to the quality of the oil. As compared with the Pennsyl-
vania oil, onrs is composed in great part of a different series of hydrocarbons

;

therefore the chemical affinity of our petroleum with foreign mattter is greater than
that of the Pennsylvania product. The paraffine series of hydrocarbons is less

liable to unite with foreign matters ; it is not easily afl'ected with sulphur, sul-

phuric acid, chlorine, or anything of that kind. The paraffine series of hydro-
carbons is that which obtains in Pennsylvania, and is more truly developed there.
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I think that quite an amount of ours may be classed as olefiiies, and some other

series of paraffine described i^i our books as iso-paraffine, and neo-parafhne, and
the different series of hydrocarbons. The petroleum here is not as complete a

series of paraffiues as that of Pennsylvania, and it is more contaminated with
sulphur. I think it might be called an abnormal series of hydrocarbons. It is

chiefly the sulphur that is troublesome. These hydrocarbons being different from
the normal hj-droi^-arbon^', they are more difficult to treat. One of the

characteristics of this abnormal series is the facility with which it unites with
foreign substances ; here ir, is largely contaminated with sulphur compounds chemi-
cally united with the hj'drocarbon molec le. I would not call it sulphuretted

hydrogen in its natural state. The fact of these hydrocarbons being different

from the normal renders them difficult to work. When they come in contact Difficulty of

with our chemicals they are liable to combine and form compounds that treatment,

do not vaporise "nd oxidise in the flame as the pure series of paraffine hydro-
carboiis do. It makes smoke and causes a deposit on the wick unless

these impurities are removed. In Pennsylvania they do not have that to

contend with. We get a great deal of lubricating material out of this crude
oil. Our lubricators are as good as any, and we can make any variety or Lubricatinjr and

grade we choose. I think they can do the same in the States, but I think w^ get ^'.'|™iiia.ting

a larger percentage out of the crude. There is only a certain proportion of our oil

that is valuable tor illuminating, at any i-ate in the present state of the market, but
on the other hand there is a larger portion here of the lubricating series than in

Pennsylvania. In addition to the illuminating oil the products are gasoline, naphtha,
the intermediate and wool oils, as many grades of lubricating oils as desired accord- other productsr

ing to the point at which distillation is stopped, and after that we have paraffine

wax. The wax is used for making candles and different ©ther purposes. In addi-

tion there is the coke, l>ut that is only used in the house for fuel. In the early days
we had analyses made, but we found tliem of no practical value; they are rejjorted in

the chemical dictionary published by Lippincott, and are referred to in the British

Encyclopfedia, ninth edition. In the process of manufacture the gas escapes ; it could
be utilised for fuel, but we do not require it, as we have the tar and refuse. There
would be no difficulty in saving it. Vaseline is nothing moz'e than the heaviest
grade of lubricating oil. Our crude is said by some analysts to contain some of

the compounds that are used in the manufacture of the aniline dyes, but it is not
considered as good a substance as coal tar to produce dyes from, and we have never
manufactured any. Tars and asphalts could be made from the oxidised matter that
is got in the treating process. Asphalt is very largely used in this country for roof-

ing, and is imported. If there were sufficient demand for that or any other product
that we could possibly produce, we wcmld turn our attention to it ; but we do not
make anything till it is called for. In reference to the refining of the oil, my obser-
vation reaches back to the early part of 1867. The old process was then used, the
same as now obtains in Pennsylvania. It is simply the separation of the different

gravities by distillation, and the treatment of the distillates with sulphuric acid and ^f reflning.°*^^^*

caustic soda ; that is to take out any of the depraved matters formed in the distilla-

tion by the cracking of the oil molecule. We take out the bi'oken carbonaceous
matter ; that is the whole process in Pennsylvania. In 1867 that was the process
here. In 1868 I went into the refining a short time at Oil Springs, and about that
time the lead treatment was introduced, I think by Mr. Allen. He was an English-
man who came to this country and introduced the system ; it was stolen from him
and he never got anything out of it. In the early days at Oil Springs a great deal The lead process,

of attention was piid to chemical analyses. An old Scotchman connected Avith the
Canada Rock Oil Co. named Pearce, I think, did a great deal of work, but he took
ill and died, and the results of his labors were lost. He inade some good samples
of oil. From 1868 to 1885 there was no improvement in the treatment of our oil. xhe redistilla-
At that time the system of redistillation described by the last witness was inti'o- tion process,

duced. The process of redistillation takes about 24 hours for our large stills. It

consists simply in distilling the oil off the sulphide ; before the distillation it is

translucent, showing the sulphur is in solution ; trauslucency shows perfect union.
The objection to the new process is the increased cost of the redistillation, but if

properly done the product should be perfect. I think the flash test should l)e 73
instead of 95, and that the gravity should be changed from .805 to .807. The ,

American oil on account of its composition is liable when exposed to a low tempera-
ture to crystallise. When crystillisation occurs a separation takes place of the
gravities and boiling points, and when drawn from the barrel we get simply the oil

with a very low flash point, leaving that with a high flash point in the barrel. Our
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oil does not crystallise at anything like the same temperature. It would be easy to

provide different tests for the American and Canadian oils. With a lower flash

test, instead of being able to get 9 per cent, of Water White we would be able to

get about 12, per cent., and 'hat would put us in a jjosition to compete with the
American oil very much better than we now can. In New Jersey and the eastern
states the flash test is 63 ; in New York state, for the English market and for

most foreign countries, the test is 73 ; in Michigan, Minnesota and Indiana they
have about the same as we have. The result is tiiat the Americans have a market
for one part in New Jersey, for another in New York, and so on. The reason the
gravity was restricted was because the oil was made very heavy, with the result

that when exposed to cold there was crystallisable wax in it, Hnd this rendered the
fluid parts of different flash tests when drawn off. In our oil now there is no
crystalli ation even in the co'dest weather. Take the best American oil and you
will see the paratiine wax at It)* below zero, while ours will not show it even at
40° below zero. The gravity of our best oil is .788, and the American is very much
the same. In distdling ihe heat is applied gradually to the crude oil. We do not
know the degree of heat when it begins to distil, but I think it is anywhere from
200 to 800°. It commences below the boiling point of water, or about '.GO" ; we in-

crease the heat as w^e get down to the heaviest oils, and before we are through we
have the bottom of our still red hot. 1 think we can take the boiling point of the
extreme end of our burning oils at 400". The average would be a great deal less

than that, perhaps 270% while the lightest would not be more than 2L)0°. Some of

the gasoline would pass off at 90" or 1U0°.

R. E. Menzie—I am the manager of the Producers' Oil Refining Co., organised
in the fall of 1884. The subscribed stock is $50,00'1, on which is paid up .$37,998.

A. C. Edward is president and there are fifty shareholders in the company. We are

not as a company producing crude oil. We have eight stills, six of which run
c ^ntinuously on the crude oil ; the other two are used for the double distilling. Last
year we ]iut through 105,000 barrels of crude, makii^g 42,000 barrels of refined oil.

Our products are refined oil, gas oil, tar and coke. We make one grade of refined,

called Union. The average price of the oil without the barrels is 8 cents an imperial

gallon. We produce benzine which we sell at 7h cents a gallon, including the barrel
;

that leaves 4^ cents for the benzine. We are sending a low gravity gas oil to St.

Hyacinthe and Sherbrooke, Quebec. Tar is worth 70 cents per barrel in bulk, and
we made 21,000 barrels last year. We also made 15,750 barrels of gas oil and about
210 loads of coke, which we sell at about $1.50 a load. Our illuminating oil goes
from the Atlantic as far we.st as Brandon. We have shipped the tar to different

places around the country—to Courtright, Goderich, IngersoU and St. Thomas ; we
don't export any of it. We employ 16 or 17 men ; sometimes as low as 7 or 8, and
sometimes as high as 30. There are two stillmenat$2 a day, two engineers at $1.50
a day, one treater at $2 1 a week, three coopers at $2 a da}', two painters at $1.75 a

day, and ordinary laborers SI. 50 a day-

James Fides—I am in the employ of John McDonald, oil refiner. Our worl<s

were established in May, 1882. Besides being engaged in refining, Mr. McDonald
is a producer and farmer. He has forty or fifty wells, two of which are near the

distillery ; the others are mostly on his farm on the 12th line of Enniskillen, about
a mile and a half from the refinery. These wells yield a pretty fair average ; I suppose
they will go a barrel a day. Some of them at first pumped 100 barrels a day, bat
that i- some time ago. He put down 25 upon his own place this year, and the
highest he got from one of them was 10 or 15 barrels a day. We produce three

grades of illuminating oil. Acme .790 to .795 gravity. National .802, and Safety .802

to .805. Formerly we manufactured but the one brand: we commenced to manufacture
the three brands about six months ago. We manufacture wax, parafBne oil, and
candles ; also axle grease, wool oil, machinery oil, benzine, gas oil, black and other

grades of lubricating oils. There are eleven men employed in the refinery. The two
running the stdls get $2 a day, cooper $2 a day, candle-m^ker $3 a day, and others

get $1.50 a day. Our market is all over the Dominion of Canada. We expoit the

wax to Scotland via New York over and above what we use.

Frederick Wolfe—I am the manager of the Consumers' oil refinery, which was
erected in 1881. The capital, all paid up, is $30,000. We have five stills for

burning oil, and two paraffiiie stills, making seven in all. Our stockholders are

producers, but the company is not. During last year 48,799 barrels of burning oil

of two grades were manufactured. We have half a dozen different brands, but there

are only two grades, the Water White and the Prime White. The brands of the Water



165

White are the Beacon Light and the Brilliant Light. We make parafline wax,
paraffine oil, benzine, gas oil, neutral oil, and oils of different kinds for machinery.
For manufacturing the Water White we have a process different from the other

refineries. We don't use lead or sulphur in the treament ; we use chemicals in the
still. We manufacture under Kennedy's process. What we have dime so far that The Kennedy
way has been experimental. We put into the distillate in the still an equal quantity treatment.

of caustic soda of 60 per cent, strength and copperas and common salt—about half

a pound of each to the barrel of oil. That produces an oil that does not require the
other treatment. We are positive that we can manufacture oil without lead. It

does away with the sulphur to a great extent and stops the crusting of the wick.

Our market is from Halifax to western Manitoba. We have not supplied the North- Market*,

west lately. I think the Imperial Oil Co. st res oil in Winnepeg during the summer
and they get lower rates that way. Without having a storehouse there we cannot
supply that country in the winter on account of the high rates of freight. Benzine
is sold in Ontario and Quebec, but our different kinds of lubricating oils we sell all

over Canadi ; we do not export any. The Americans compete with us in lubrica-

tors. The best grade of American oil has no sulphur. We have not altogether got
rid of the sulphur, but I think our process will to a great extent. We employ about
fifteen men here ; two stillmen at 81.75 per day, one treater at $2, two coopers at Rate of wages.

82, one painter at 81.75, and men around the yard at 81.50. We run the stills

night and day and make two charges a week. During the very cold weather we
shut down for about two or three months, and I think most of the other refineries

do the same to a cei'tain extent.

John D. Xohle—I am an oil operator, one of the earliest as far asPotrolia is

concerned, I came here about 1866. The way my attention was first called to the
business was this : I was a vessel owner residing at Kingston. A schooner came
back covered with oil and I asked the captain what was the cause of it. He said Early experien-

they had struck oil at Sydenham and could not stop the wells flowing, and that it ees at Petrolia.

was coming down the river a foot thick on top of the water. I considered there
might be something in it, so I came here immediately to look into the matter.
What the captain referred to was caused by the flowing wills of Oil Springs.

When I got here they had just struck oil at Petrolia ; I fancied the place and
bought some land. Just at that time the King flowing well was stmck, and I

bought some property close to it, and put down a well which pumped 260 barrels a

day. At that time oil was wortli 81.25 a barrel. I sold as quickly as I could, but
I had to erect a number of large tanks on the ground to store in till I could sell, so

that my ]aad got pretty well covered with large wooden tanks. A fire broke out on Theunder-

the adjoining property, extended to mine and burned all my tanks and some 7,5(JU ground tanking

barrels of oil. The fire extended tUl it covei ed some twelve acres. It lasted two ^* ^™ "^^^

weeks, the flames shooting up 100 feet. That was in 1867. I thought over the
matter how a recurrence of such a tire could be avoided, and I devised the tanking
system. I considered the matter over with some friends, Mr. Jenkins in particular,

and we decided to adopt the present underground sj'stem. The clay here is of such
a nature that it makes a perfect tank in itself. We formed the Petrolia Crude Oil

Tanking Co. , and elected Mr. Jenkins president and I was elected vice-president.

The company was incorporated under the Joint Stock act of Ontario. On top
of the clay there is an alluvial deposit of about 15 or 18 feet. Excavations Construction of

are made about 60 feet deep and 30 feet in diameter, with a capacity of 8,000 tanks,

barrels of 35 imperial gallons. When we get down 18 or 20 feet, to the clay, a wooden
sheathing is put round the tank, clay is pounded down firmly, and the wall
is brought up about a foot above the surface. At the top it is sloped off

so as to prevent water getting into the tank, and it is perfectly water-tight.

[ have held oil in my tanks for ten years without leaking a drop. If the tank w ere
empty the pressure from the outside would be considerable ; therefore we always
keep them full of water or oil. There is no planking on the bottom ; the oil is

poured in on the clay, which continues for about 100 feet. To build an 8,000
barrel tank costs about 25 cents a barrel or 82,000 for each tank, but sometimes we
get it for 23| or 24^ cents a barrel. Refined as well as crude oil can be stored in
the>e tanks. The temperature is always the same, and there is no danger from
lightning, which is the great cause of tire. Our company have about tiftv tanks, Collectinff and

with a capacity of about 300,000 barrels. Pipe lines are laid all over the terr.torj-, ^rude^
*^*

so that producers are enabled to pumij their oil to our receiving stations, and they
get our receipt for the amount pumped. We have receiving stations in the town-
ship of Sarnia, and at Marthaville, three in the Petrolia vicinity, one at
the east end, one at Oil Springs. When it is delivered by the pipe line it is

ft
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pumped into a wooden tank that holds so much to the fo .t. Where producers are
not connected by the pipe line they employ wooden tanks which contain eight

barrels each, a teamster brings it to the tanks and it is placed to the credit of the
producer. Our receipts are very much the same as warehouse receipts. The
holder if he desires can take them t > the bank and money will be advanced on
them freely ; or he can sell his receijit to a refinery, which calls upon us for the
delivery oi the oil on demand. As soon as demanded we pump it to the refinery,

and we are connected with all the refineries. As we jjump the oil out we let in

water below ; that forces the oil up, and keeps the tank full. A cent a barrel a
month is our charge f^r storing. Our tanking company is separate and distinct

from the others. The average production of the wells now is about a half a barrel

a day ; we have some thai jiurap as much as nine or ten barrels a day, but half a
barrel is about the average. I think the largest well we have is about ten
barrels a day. The price now is ^1.11 per barrel. The principal reason that we
cannot compete with the Americans in the English market is that they produce
about 75 per cent, illuminating oil while we produce only about 40 per cent ; their

wells flow as high as 2,000 and 3,000 barrels a day, while ouis average only half a
barrel. For these reasons we are confined entirely to Cana^la, and were the
American oil allowed free into this country our industiy would be completely
wiped out ; we could not compete with their flowing wells. They sell Prime
White at 7 to 8 cents the wine gallon by the car, and Water White at 10 to 12
cents. Having regard to the difference between the wine and the imperial gallon
(one-lifth) that would.be equivalent to 8k cents as against 11 cents. We have a
refinery in connection with our business, but we only make one quality of oil ; it is

between a Water White and a Prime White. In the States they make two
qualities. Prime White and Water White. Their Prime White is nearly as good as

our Water W^hite, about as good as onr firm makes. In former years the Canadian
manufacturers did not give the same attention to the business as now ; we now
make a much better oil than formerly, but we suffer from our bad reputation. In
our refinery we use 50,000 barrels of crude oil a year. We take 40 per cent, of that
as burning oil ; the balance is composed of gas oil, lubricating oil and tar, and
there is a loss of about K) per cent. The tar is about 20 per cent., gas oil 15 per
cent, and- lubricating oil 1.5 per cent. We ship most of our refined oil in bulk to
Ottawa and it is barrelled there. The average value of our burning oil would be
two-thirds at 8 cents, and one-third at 11 cents, making about ^63,000 for the
year's product. The gas oil is worth 75 cents a barrel of 35 imperial gallons, the
lubricating oil o cents a gallon in barrels, and the tar 70 cents a barrel in bulk.
The capital of our company is $50,000, all paid up. From the 20th January to the
end of December, 1887, we received 244,979 barrels and shipped 360,309 barrels.

In the ten months of 1888 we received 2B1,G3G and shij^ped 200,893 barrels ; in

1884 received 255,768 and shipped 184,2J4 barrels ; in 18s5, received 299,407 and
shipped 312,554 barrels ; in 1886, received 253,022 and shipped 240,134 barrels.

The consumption of refined oil has been increasing, but the supply of crude oil has
been diminishing.

Williani Hammond—I am connected with the Prodi;cers' Tanking Co., which
was organised in 1884 as a joint stock company under the Ontario act. The sub-
scribed capital is $40,COO ; the paid up capital is about $24,000. Our tanks have
a capacity of about 82,000 barrels. We have about five miles of pipe line running
around the corporation east and west, and get our sujjply from the Petrolia district

altogether. We have eleven wells oi our own that pump about 250 barrels a month.
Our charge for storage is one cent a barrel per month. We send a little crude to

London and Hamilton, but not much—nearly all is used here.

jDuncrtn Sinclair— I am a well driller and have been drilling wells for

seventeen years for myself. I have been drilling altogether for about twenty years.

I drilled for a year and a half in Italy for oil, and I have also drilled in New Hruns-
wick. When I first started we drilled with the cable drill and worked night and
day with a gang of four men. Now it takes three men for the night and three for

the d'ly. We use white-ash poles about 36 or 37 feet long, spliced in

the middle. We cannot take them out as quickly as the cable. When I began
work twenty year." ago the first well I worked at took five weeks to finish after we
got down to the rock. Goint^ down through the surface was another branch of the
business ; the surface was put down with an auger. Drillers were getting about
$2.50 a foot for drillin? surface and all. The contractor took the job and let the
surface boring ; he did not furnish rigging at all, nor the wood nor water—only
the boring tools—and it took four or five weeks to put down a well. There were very
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few poles used then. The cable tools were lighter than the cable tools used now,
but of the same style. The advantage of the pole is that you can hold the tools p^esenf process,

together going through any difficult or bad rock, when you could not with the cable.

We get oil here at from JoO to 465 feet. I have never found much oil below that. We
•can put down a well in a week now, or perhaps in less time if we have no breakage

;

•sometimes it is done in five days, but as a general thing a well in a week is fair work.

The price is now 8150 to §160 a well, and we supply the tools and machinerj-, and
wood and water if required. We drill in a dry hole, putting in enough water to

rise to the depth of the sinker ; the tools drop very fast. The weight of the sinker

is 1,000 pounds, much heavier than it was in the old days. Xow we know how to

run to perfection, while in the old days we knew very little. There are gangs con--

stantly drilling here, but in the whole region there used to be a great many more than
there are now ; they have gone to foreign countries. The casing is furnished but
we generally put it down ; we put down the pump and just start it ; of course that is pgtrolia well-

also furnished. I think about ten o- twelve gangs are employed around here. A drillers abroad,

great many of our drillers are in foreign parts ; the Canadian drillers have a good
name, and they are sent for. A great many are going from hei'e to Australia, and
I am going myself too.

W. Gibbon—On the south side of Manitoulin island, east of Manitowaning, a

company bored for oil. They got petroleum, but had to desist on qjj j^ uanl-
account of the amount of salt which prevented further work. It is about toulin island,

twenty years since the work was done there. They bored I think in three or four

places, one well being sunk to a depth of 400 feet, and the others 260, 320, and 160
feet respectively. The oil in each of the wells was c f superb quality, but in each
case they also met with salt.

PHOSPHATE OF LIME.

The Commission visited several producing properties of apatite or phos-

phate of lime in the Kingston district, along the line of the Kingston and
Je^^J'^s"^^^^*^

Pembroke railway, and also in the Perth district in the vicinity of Otty and

Bob's lakes. This latter country was thoroughly described by Mr, Vennor

in the report of the Geological Survey for 1873-74, pp. 100-139. Though

only a small part of the phosphate-carrying districts was visited by us,

•enough was seen to prove conclusively the mistaken idea which seems to pre-

vail in some quarters that phosphate of a lower grade, or of an inferior

quality, alone exists on the Ontario side of the Ottawa river. Larger deposits

have been opened up, particularly in one district, on the Quebec side thus far,

but as regards similarity of occurrence and variation in quality (dependent

largely upon intelligent dressing of the rock) identical conditions appear to

prevail on both sides of the Ottawa. The quality of the higher grades of

phosphate shipped from some of the mines along the Kingston and Pembroke

railway is as high as any produced in Canada. The evidence will point out

various facts in this connection.

The phosphate properties of Capt. Boyd Smith are on lots 29 and 30,

concession 1, township of Hinchinbrooke, in the county of Frontenac. A wide
uj^i^g^""^**

Smith

band of grey pyroxenic rock strikes north-east and south-west and dips to the

north-west. On the north-west side is crystalline limestone, and on the south-

east side granite. Magnetic iron ore occurs in places in this formation along

with apatite. The veins or deposits of apatite occur irregularly in various

sizes and striking in different directions. About twenty openings have been

made from 20 to 60 feet deep. One large opening from which phosphate has

been taken to a depth of 140 feet shows a width of from 12 to 15 feet, while

another large bunch has been worked down to 145 feet. In places the pyrox-

enic rock becomes very quartzose and resembles gneissic quartz syenite. The
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phosphate is mixed with black pyroxene and magnetic iron ore. The grey

pyroxenic gneiss gives place to a pinkish syenite in places, and when this occurs

the phosphate, where found, is of a pinkish color. Another large surface

deposit of red phosphate runs north-east and south-west and is about 8 to 10

feet wide. Mr. Smith stated in his evidence that the average of apatite

shipped during the past two years is 84 per cent. The magnetic iron ore

occurs similarly to the phosphate, and is of a high grade when the apatite is-

carefully cleaned from it. The bands, however, are not wide enough or ap-

parently presistent enough to make it worth while working them at any
places yet opened.

The [>hosphate property of James Foxton, of Sydenham, is situated on lot

10, concession 13, of Loughborough, in the county of Frontenac, about seven miles

from the village of Sydenham. The rock in the vicinity of the d<^posit is a

s-w. N.E. banded gneiss with grey hornblende and pink felspar

seams, quartzose in places. At the bottom of the largest

pit (Fig. 28) the strike is north-east and south-west, but

the width is not known as the wall has not yet been

reached on the south-east side. At the two ends masses.

of dark green apatite and pyroxene are exposed to a width

of 12 feet,and on the south-east wall is a quartzose horn-

bleiidic rock. The phosphate in this deposit is pure and of

very high grade. On the surface the vein can be followed

for some distance. Another smaller pit has been sunk on

this vein near the shaft, where calcspar is found full of

phosphate crystals and associated with some mica crystals.

It is said this vein can be followed across the lot. About

100 yards north 55'' east from the shaft, at another open-

ing on the same vein, there is a pit 25 feet deep, the vein

dipping TS'* to the north-west. It yields at this place a great deal of pyrites,

the vein consisting of two feet of phosphate and four feet of iron pyrites across

its width.

Several openings were visited on lot 4, concession 8, in North Bui^gess,

on the shore of Otty lake. At the first opening vi-sited (Fig. — ) the phosphate

runs east and west. At the second place there is a vein of phosphate four or

five feet wide dipping to the east and nearly perpendicular,

consisting chiefly of layers of phosphate and mica. One

of the layers is two feet in thickness and will run 80 per

cent, of pure green phosphate. A shaft has been sunk

here to a depth of 100 feet. The walls are a grey quartzose.

Fio. 29. rj. Phosphate granitic rock, and in places vein stuff is mixed with

'i^rttndfkSaT'''
'' pjroxenic matter. Through this part of the country the

phosphate occurs in narrow veins or deposits in a pyroxenic micaceous rock

with quartz patches in places. There does not appear to be any large masses

of apatite in this township, and it is said that it is found more proti table to

carry on a number of small workings, as open cuts or excavations, with a few-

men, than to try deep mining with hoisting and pumping machinery.

Fig. 28. Foxton iiiine.

p. Phosphate and pyrox-
ene.

^^^®
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SUPERPHOSPHATE WORKS AT SMITh's FALLS.

The Coinmission visited the superphosphate works of the Standard

Fertiliser and Chemical Company, Smith's Falls, and as the subject of fertilisers ^f"fj^P^"*P''**^

is of especial importance to the agricultural industry of the country some facts

from Mr, Brodie's evidence are taken, together with information derived at

the works themselves, to make the description of the process and resulting

fertilisers more complete. Various grades of superphosphate are manufactured

for fertilising puiposes, and acid phosphate is also made at the works which

is used for baking powder, etc. The sulphuric acid used in the process at

this establishment is manufactured from brimstone imported from Sicily,

and costing at Smith's Falls one cent per pound. The apatite is ground

very tine by buhrrstones, after which it is conveyed into a vat by means

of a fan. The coarser dust falls back to the stones and is re-ground.

The apatite requires to be pulverised to such a degree of fineness that if bolted

it would go through a 120 mesh, or at least an 80 mesh. The charge is weighed

out, moistened with sulphuric acid and run into the mixer, and thence into

an air-tight bin that has a wooden funnel above to carry oti the hydrofluoric

acid which generates. The acid and phosphate of lime work in this bin and

solidify in twenty-four hours. It is then broken up by a sort of disintegrator,

and after being mixed with various proportions of hydrochloric acid, ammonium

potash, ammonium sulphate and nitrate of soda it is ready for shipment

The following grades of fertilisers are manufactured :

No. 1 , .$32 per ton.

No. 2, Standard 35 " "

No. 3, Special 40 " '•

No. 4, Fruit tree 42 " "

Plain superphosphate 26 "

In 1 887 three hundred tons of fertilisers were manufactured and sold. Acid

phosphate is also manufactured by this company. Only the purest ground Acid phosphate.

phosphate is used for its production, which is carefully sorted by hand. After

the acid has dissolved the phosphate the charge is leached off and the product

is the liquid phosphate. This is then evaporated down to a syrupy condition}

is mixed with starch and dried, after which it is ground. It is used as a

substitute for cream of tartar, and chiefly as a baking powder.

The phosphate used at the works comes from Burgess and from

Buckingham. The high grade (83 or 84 per cent.) used for acid ]>hosphate Costof thefertu-

costs $17.50 at the factory, and the low grade (65 per cent.) costs about $9.60- materials.

Farmers use about 300 pounds of the fertiliser to the acre, and that quantity

is claimed to have the sam3 effect as 25 wagon loads of well-rotted barnyard

manure. Market gardeners use 800 to 1,000 pounds per acre. The ammonium

sulphate costs $60 per ton, and $11 worth is put into a ton of the fertiliser.

This and the potash are imported from Germany. Of the output of the

"works about seven-eighths is of the grades Special and Standard, and the price

obtained averages $35 per ton. The lead chambers in the works cost about

$10,000, and the pure sulphur is said to be much less severe upon these than

when iron pyrites is used. The sulphur also occupies much less room, and a

boy can look after the furnace. The cost of producing sulphuric acid is

about 70 cents per 100 pounds.
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Joseph Batvden-—T have been interested in phosphate propertj^ in the township of

Storrington on lots 2, 4 and 5 in the 14th concession. I was associated with J. M.
Machar and we carried on operations for one winter, and some of the properties

we let out to parties on a royalty. No mining has been done in that region within
the last four years. We took out about 1'20 tons of phosphate, and the other
parties about 300 tons. The amount of royalty generally depends upon the state

of the roads, the distance from a market and the supposed practicability of work-
ing the deposits. It varies from $1 to $2 a ton. "SVe sold part of what we mined
ourselves at ^15 a ton. It has been sold in this citj^ at from ^10 to $15 and 816,
depending upon its richness and the price at the place of manufacture. The
portion we sold for $15 a ton was reijuired to go 75 per cent. By culling, the phos-
phates of this section can be made to grade up to 80 per cent. All the phosphate
of good quality finds a ready market at Kingston for shipment to Great Britain or
the United States, to Baltimore. I understand that the demand for Canadian
phosphate is increasing considerably in both England the United States. Canadi

m

apatite now forms 12 per cent, of the quantity entering into British manufacture.
The jjliosphate formation comes into Frontenac county at the north-east part of the
township of Storrington, adjoining Leeds, where a large amount was mined for the
Brockville chemical works. A large quantity Avas taken out by Cowan and Steele

on the shore of lake Opinicon. Since then James Hunter has taken out consider-

able quantities. This formation is continuous with the phosphate bearing forma-
tion in which Mr. Machar and mj^self carried on mining. We traced the phosphate
bearing formation in a westerly direction from that point across the township of

Loughborough, at different points in the 10th, 1 1th and 12th concessions, to nearly

the western boundary of the township ; that is the first belt of the phosphate min-
ing region. Next, going in a northerly direction in Bedforil, we find phosphates at

ditierent points in the line across the south third of the township, but not passing

the western boundary of the township that I am aAvare of. We have another phos-

phate bearing formation north of Bob's lake, extending into the township of

Hichinbrooke at that point I believe. In one of the bands the phosphate seems to

be replaced by mica. In Storrington and in Lougborough we get deposits of mica
which are now worked—that is in the first band I mentioned. In some phosphate
veins we find black mica.

George Richardson—I have seen nearly all tlie mines in the Frontenac section

and have handled the product of pretty much all the phosphate mines in this part

of the country. At Sharbot lake there is a good mine belonging to Mr. Smith,
who has also a mine near Bedford station. Both are large mines. The Foxton
mine is on lot 13 in the lOrh concession of Loughborough. This with the two owned
by Mr. Smith are the only mines that are working to-day. The output of those

tliree mines is about 3,000 tons a year. There are some small: locations workeil by
farmers, who mine the 2:)hosphate in small x'eins and throw in a lot of dirt with it.

In Sebastopol, bej-ond IVjb's lake, there is phosphate, and we shipped a thousuid
tons out of that section when we worked it. Our property is Ci^ miles from Egans-
ville, in Sabastopol, and there is hardly a lot in the township that has rot phosphate
on it. To the north of Haley station also there is phosphate. We have worked
twenty-five or thirty deposits on our projjerty. Phosphate is very deceiving, as it is

ajjt to run out at any time ; that I believe is the case with phosphate in all sections.

In some places the phosphates are capped with crystalline limestone, in other places

with black jack, and sometimes they are found with pyroxene rock on top. In
Sabastopol it occurs as pockets in the limestone. The lime is like a seam on the

sides, and when we remove that we get to the phosphate. In the Kingston district

we look for it in pyroxene, but in Sabastopol with a lining of crystalline limestone in

granite. It is generally found there in a seam, just like a vein, and in s me places

wider than others ; tliere is no greenstone associated with it, and whatever color the

phosphate is the granite will be of the same color. The qualitj' of our phosphate
is equal to any ; there is no vein in thi=; country that will not run from 75 to 86 per

cent. The average cost of mining wotild be, I should say $o a ton, that is to make
it ready for the market. The freight to Montreal depends upon the locality whence
it is shipped ; say from $2 to ^5 a ton ; then there is the hauling to the station.

Perhaps from most of the mines on the Kingston and Pembroke railway it could be
delivered at $2 a ton from the station. For 80 per cent, phosphate we can con-

tract for about SlO or 817 at Montreal. The German market pays the most money
for high grade phosphate. It costs Mr. Smith abr)ut $3 a ton to mine, and it does

not cost him more than S7 a ton delivered in Montreal at the outside. We cannot
handle farmers' phosphate because they will not mine it carefully. To ship to
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Europe at the present time, it has to go 80 per cent, to make it a profitable busi-

ness. I have not visited the mines in any other phosphate district, but I know
that as far as quaUty is concerned the phosphate from this district i- equal to any.

I think phosphate occurs in pockets everywhere, as it does here. We can readily
pha°e*

°' P^^^'

trace the belts or ridges in which it occurs ; if we follow one we will find outcrop-

pings. Their general course is north-east and south-west. The red phosphate we
.find with red granite and the green phosphate is found with grey granite. We have

found some very rich white phosphate, and have shipped 200 tons of it. I do not

think the color has anything to do with the quality, though a great many people

prefer green. I have had it almost black, and very rich. Sometimes we find a

vein carrying iron pyrites, but the pyrites will generally run out. I have been in the -^^rketfor phos-

business twelve years, and up to four years a^jo we used to average 4,00(> tons a year.

Since then the market has been poor. The price now at Kingston is $14: ; twelve

j-ears ago it was ^8 to $9, but I have paid as high as ^18 and $19. The old country is

our best market at present. Phosphate goes duty free to the States, but the Carolina

phosphate though only 54 per cent, is easy to manufacture and takes less acid ;
it „ , , ,

sells I think for about !?11 a ton. There is no fear that the demand will fall off. Super- as a fertiliser,

phosphate is not used by the Canadian farmers. We have given out some in the

raw state, but the result that way is very slow. I know of a case however where
a farijier put it very thick on a few acres of wheat and had a double crop afterwards,

jV. D.Moore—I am interested in some of the mica and phosjjhate pr perties in

the Sydenham district, in the township of Loughborough. We have given L-ases on
phoqphate pro-

•several of the properties which are being worked, but we are not working any of perties in the

i;he properties ourselves. They were formerly known as the Smith and Lacey and Sydenham dis-

Purdy properties. There are about 1,050 acres in the tract. On one of the tracts

-ft'hich we have leased, and which contains about 50 acres, the lessee claims to have
149 openings and probably 40 or 50 veins, and he is cross-cutting these veins at a

•depth of from 75 to 100 feet below the surface. I am decidedly of the opinion

that phosphate occurs in veins, the same as iron ore, and that it is of irruptive

origin. While I am of the opinion that the veins are continuous, it will require

•considerable testing in this locality to prove whether I am correct or not. The
surface showings of phosphate are from six inches to six feet wide. So far they

have in almost every instance run out in going down, but that is what I wcjuld

expect, as I have seen the same thing occur on evei-y one of the iron ranges that I

have operated. For instance, in the old Marquette range of Michigan the ;qjpear-

•an ?e of the surface workings of the different mines is more like the diggings

in the phosphate region here than anything else I know of. In almost evcrj' in-

:stance the surface showings ran out entirely and sinking had to be done, some-
times to a great depth before the Vtin «as encount' red again. I fully I'elieve,

therefore, that at greater depth in our phospliate country the veins will not only
get stronger, but that the quality of the phosphate will very material y improve.

"We have a company organised, composed of American and Canadian capitalists.

The amount of the capital stock is ^50,00), which is all subscribed and jjaid for. ^ .jyj.pjjjug. ^^j^,
A little more than half is held by Canadians. The intention is to develojj phos- pany or.g-anised

phate and other minerals. We intend to work more especially on the phosphate at

present. We are not hauling phosphate yet, and do not intend to do so until we
get good sleighing. V'e are eight miles from the railway, and expect to sell our
phosphate in Montreal. We have offers for all the phosphate we can mine for

three years. The demand in the States for Canadian phosphate is increasing,

while the Carolina mines are getting poorer. We are drifting into two hills to

strike and cross-cut the veins at a depth of 75 or 10*^ feet from the surface.

Sometimes the pyroxene takes the place of mica in the phosphate veins. 1 under-
stand that pyroxene is considered a good indication of phosphat-^.

James Foxton—I reside in Sydenham and am engaged in phosphate mining.
My property is situated in Loughborough, being composed of lot 13 in the 10th ,j,j„g jn^j^ou^'h-
concession, lOO acres. When I acquired the property twentj^-five y^ ars ago no boroug-h.

phosphate had been discovered upon it. I made the first discovery and opening
about eleven years ago. We have altogether about four hundred shows opened up.

In many places we find the phosphate in veins, but we have not followed them
down more than eight or ten feet, except one that we are working n^'W' and two
others that are down about twenty feet. I think the vein we are on extends across
the lot. There are other veins parallel to it, the general coui'se being about north-

.

east and south-west ; that is the general course of the country rock. Yems
extend across the whole breadth of the lot ; in some places they are not more than
four or five feet apart, and in other places fifty feet. I do not consider that we
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have thoroughly explored the propertj', nor do I think that we have discovered all

the veins that are upon it. We began operations on the deep pit about iive years.

ago, and its present depth is 115 feet ; the ve n is there about fifteen feet wide. I

think [ have taken out altogether about 4,000 long tons ; during the present
summer I have taken out aljout 41 G tons, averaging about 82 per cent. Last year
I got out about 30) tons that would average about the same per cent. It then

realised 013 delivered at Kingston. This year for the 68 tons I have in Kingston
and what I have here I have been ottered §14, but I think I will get §15. We
have good facilities for shipping. In summer we haul it to Eel lake, put it on
scows and take it five miles of the distance to Kingston that way ; after being^

taken ofl' the scows it has to be hauled the rest of the way. By rail they chai'ge

§10 a car from Harrowsmith to Kingston. That is equal to a dollar a ton, and it

would take 75 cents a ton to put it on the car trom the mine. My team hauls

about 4,6<j0 or 4.800 lb., and in winter they often haul 6,000 lbs. In this way we
can deliver the phosphate at Kingston for $1.25 per ton. Last summer we
employed six or eight lads ; we don't require men for the work. We drill by-

steam, and there are two men to attend to that. We have a boiler, engine, steam
hoist and steam drill. In summer time I paid the men $i3 and board, and i h&
boys 88 and S9. They will not clean the j^hosphate properly if they work by
contract. 1 have only one helper with the drill ; my son runs it. We do not
timber our shaft, as I do not think it is needed ; it is a perfectly solid rock, and
there are no seams in it. The drifts are at the lowest level of the shaft. There is^

not an ounce of mica in a hundred tons of phosphate with us. It costs about 84 a

tv:)n to raise the phosphate if 15 or 20 feet deep, and it does not make any
difterence down to lou feet. Working at 20 or 30 feet with a windlass took two>

men to attend to the windlass, while now at a depth of 115 feet we ra'se the bucket

by steam and it costs much less. A quarter of a cord of wood gives us ail the

steam we want for a day, and I get the wood at 8i.25 a cord. I <.an deliver the-

phosphate for 84 a ton at Kingston from the deep vein. We raii-e about live terns.

a day. We have done some drifting ; south-west we have gone about 45 feet, and
north-east about the same, but we have not stoped out any yet. My phosphate is

prim ipally green, but some of the shoTvings are red. In the de«p shaft it is all

one color. In the other showings there is some of both clots. I do not know of

any cross veins. I know this section pretty well. There is an immense range of

phosphate rocks about fifteen miles long and about three miles wide : it runs about

east and west. I think Boj^d Smith's location is about the limit to the west. The
range extends to lake Opinicon, and that must be twenty miles. Theie is

phosphate in Bedfor!, but the country has not been prospected except here and
there. It is in Loughborough, Storrington, Oso, Hinchinbrooke, North Burgess

and North Crosby. It would be found all through the back ct>untry if e-xjilored.

In quality we can equal that from the province of Quebec. There is a good deal

taken out bj- farmers who do not understand anything about mining ; thej' leave a.

great deal of dirt in it, and that has "iven Ontario phosphate a bad name.

Boyd Smith—I reside at Washington, D.C., and am interested in the phosphate
mines at Eagle lake and St. George lake, known as the Blessington mines. The
Eagle Inke property consists of lots 29 and 30 in the 1st concession of Hinchinbrooke,
and lots 29 and 30 in the 1 st of Bedford. The St. George lake property consists

ot lot 6 in the 1st of Oso. The area of the Eagle lake property is between 800 and
1,000 acres, and of the St. George lake property about 200 acres. I began opera-

tions on the St. George lake property about four years age. and on the Eagle lake
property' about two years ago. From Eagle lake I have taken otit about 3,200'

tons, and from the St. George property I have shipped about 1,000 tons. The out-

put from the Eagle lake property this year has been 1,200 tons. I have worked'

the St. George lake property this year about three months, and have taken out
about 300 tons. What I have sold has averaged me 815 a ton. The average of

my phos]>hate has been 83, 85 and 86 per cent. My shipments to England last

year averaged 84 per cent. My shipments to the United States went over that.

This year and last year together I shipped to England 2,200 tons ; the balance-

Avent to the States. My b .st market is in the States. That is partly owing to n)y

friends being there, but I think that eventuallv that countr}' will be the market for

Kingston phosphates. The freight to Philadelphia is less than to England, while

the price there is about the same. The market in the States is growing all the-

tinip. Where they took 200 tons the first year they took 500 the second, and are

willing to take 1,000 this year. The number of men we employ varies. Last
summer we had about SO. Now we are working 37 on the St. George lake pre
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perty and about 12 at Eagle lake. In winter we can only work in the deep
pits. We pay boys 75 cents, muckers $1, and other men from §1.10 to 81,50, ex-

cept the superintendent, who gets S:i a day. The phosphate occurs in half a Occurrence of

dozen lodes, running north-east and south-west through the whole of these four the phosphate,

lots, a distance of a mile and a half. The width across the belt where the lodes

occur is about 300 yards. The lodes are from six inches to six feet, and are

ii-regular, running in pockets and chimneys. We have made about twenty open-

ings at Eagle lake, the greatest depth being about 140 feet ; the others are from
25 to 60 feet. At the St. George lake property the phosphate occurs like seams of

coal between granite and limestone, and is worked like a quarry. The dip is very

uniform, at 40^^. On the Eagle lake property there is a good deal of magnetic iron.

James BeU—I am interested in a phosphate property in the township of

Storrington. I have a mining lease from the Canada company of 82 acres, acquired

four years ago this fall. The tirst mining on it was done ten or twelve yeai-s ago
by a man named Teeple. I put on a steam engine and a steam drill, and cut the workino- a deep
shaft over again to admit of a tramway being built. I have sunk to a depth of 150 mineinStorring-

feet at an angle of 45*^. The hanging waU is syenite. The vein is well defined all ''°°-

the wa/ , ic pinched in several places, the narrowest being about a foot and a half,
' but now it is about six to eight feet wide, which is the widest it has been. We had

it coiiti'iuously all the way down 150 feet. At a depth of 150 feet we drifted east

about 75 feet, and the widest part is at the farthest end of the drift. The rock
was much softer and easier to di'ill down below : there was no pyrites. We worked
about seven months last year and the year previous, and took out about 400 tons. Quality of phos-

We commenced work this -season, but our buildings were burned down in the latter phate.

part of June. The general character of the phosphate on the west side of the

descent was green mixed with red, while on the east side it was nearly all red.

Some of our phosphate is 85 per cent. Our analyses of it would average 80 per
cent. It has to be cobbed, and that is where the expense comes in, as there is some
black hornblende with it. I shipped to Hamburg and London and got about 25 Markets,

cents, a unit. That would give about §20, aid is better than selling in Montreal.
I never would ship to consignees, as they have so manv charges that it would be
almost as well to sell at home. I sold 29 tons in the American market, and the sale

was satisfactory to us. My idea was to grind the phosphate and sell it in bags. I

caag^t .$20 a ton for ground phosphate averaging 80 per cent, at the mill. I had
about 14 or 15 men employed when working ; they were all miners, and about six

or seven were in the pit. I paid from .SI. 10 to $1.25 per day to miners, but to the ^ao-es*"
engineer and fireman I paid 81.50. We will have the works in operation soon
again.

W. H. L. Gordon—-We know of apatite in three townships in Haliburton-
There is a very fine showing ia Dysart. We had some of it analysed here and in phosphate in
the old country. It proved to ba very good ; the old country analysis was the Haliburton.

higher of the two. I cannot say whether it is a vein or a bed. In the township of

Dudley it is in the side of a hill, and appears to be a vein. I have traced it myself
quite a distance. It occurs in lot 3 or 4 of the 4th concession. On an island in

Long lake, exactly east of that deposit, we found fine specimens of phosphate
;

I think it continues right along. The Dysart deposit is on a hill within 400 yards
of the railway.

J. Campbell-— I found some phosphate on lot 6 in the 10th concession of Mon-
mouth, but I do not know the extent of it.

Monmouth.

James Bell—I am registrar of the south riding of Lanark. I have done a little

prospecting for phosphate and mica. Lots 7 and 8 in the 7th concession of Bur- phosphate in

gess were opened by me ten years ago, but nothing more than smill Burgess,

pits were put down. On the adjoining lot a shaft has been sunk to

a depth of sixty or eighty feet, and a great quantity of phosphate has
been taken out. A gentleman from London, England, worked it for a couple of

years. There is any quantity of it there. My impression is that the country is

rich in both phosphate and mica, but I think the best lots are held for purpos -s of

speculation. The bul< of rhe phosphate has been taken out by the farmers under
^igthods of

contract, but their work has been only rooting on the surface. The English w .rki -g the

companies went to the other extreme, sinking shafts, getting steam engines and deposits,

putting up buildings before they knew whether there was anything to justify the
outlay or not.

W. J. Morris—Apatite occurs in North Burgess in gash veins and deposits,
one cannot call them real beds. There is no regular run to the rocks sufficient to

I
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follow for any given distance. That is the edge of the disturbed belt ; the veins.

apatite^^nNorth themselves are often dislocated. The Matheson dejwsit on lot 2, in the 8th of
Burgess. Burgess was the first opened in Canada. Work was commenced on that lot about

1855 or 185(3, and has been continued more or less to the present time. Apatite is

The oldest mine also found on the north shore of Bob's lake iti the township of Bedford ; there is
in ana a.

^ true vein traced about 300 feet, opened nearly '.^00 feet, and worked to a depth of 80

feet. The walls are principally pyroxene. The vein when I saw it was six feet wide
and a mass of crystals for eight feet deep ; it widened out to 15 and 16 feet. At times
arsenical iron pyrites gave trouble. The hnest crystals in the world were got there ; I

got one that weighed 1,000 lb. I have seen hundreds of crystals weighing from 50 to

100 lb. In loading cars we have had to break every crystal with the hammer for

fear they A\ ould be stolen as specimens. These crj^stals were found in the first six

feet of dci^th. On the walls there was a lining of a kind of soapstone. We were
not bothered with calcspar in the vein.

William Davies—I reside in Perth, and 1 am a mining superintendent. I have
been in this vicinity about eighteen years, and have been interested in mining
development all that time. I have some interes-t in property from twenty to thii ty

miles from Perth, but have been chiefly interested in phosphate mining in this dis-
,

trict. I have not mined any phosphate for about a year before that 1 managed
the Anglo-Canadian Phosphate Co.'s mine for about eight or nine years.

In my opinion the phosphate occurs in pockets running lengthwise, and
the same way down. If we get it on the surface and it plays out at
both ends we will get it again, but it may be in large or small quantities.

The walls are generally granite or pyroxene, and there is a good deal

of mica mixe i with it. The mica is generally in the pyroxene, which forms
one or both walls ; sometimes you get the pyroxene w ithout it. Speaking-
generally, granite forms one wall and pyroxene the other. There is a good
deal of crystalline limestone, and it is often associated with the phosphate.
Sometimes we find that the phosphate and the limestone are mixed up in the vein
very largely. We don't find it forming a wall, but chiefly as part of the vein

matter. There are some large bands of crj'stalline limestone in Burgess, some of
which are rich in phosphate, but most of them are not. There are deposits at

Otty lake that can be traced for half a mile. The contents of some are pure
phosphate, but there is generally a slight mixture of mica, and the phosphate is.

generall}' associated with pyroxene. Sometimes it is full of small lumps of black-

jack ; sometimes, but very seldom, we get tourmaline ; and sometimes pyroxene is.

mixed with it. Limestt)ne is, I think, the most common mixture. Occasionally
we find iron pyrites, but not often. The largest, deposit of phosphate I have seen
in this district is a vein with two perfect walls ; it is a mixture of phosphate,
pyroxene, mica and limestone. The walls are 25 feet apart. It is on the east half
of lot 13, in the 6th concession of Burgess. It belongs to Mr. McMartin and is not>

being worked now. There are two pits on it, one 50 feet deep and the other
40 or 50 feet. On 10 in the 6th of Burg6ss there is a shaft ISO feet deep,
and I an told there is about 2k feet of phosphate still in the bottom. The vein in

one place was five feet wide, but it pinched. The reason work stopjied was because
all the machinery was burned. I do not know much about the Ottawa district, but
I have seen specimens from there, and I have seen phosj^hate here equal to anything

The Ottawa dis- they get there. The formation in the Ottawa district is altogether difi'erent from
trict phosphate, ours. It seems to Occur in large bunches down there ; here they are smaller and

seem very like veins. There are more of them, more regular and smaller. I do
not know much about the rock at the Quebec mines, but it seems to me that there
was a good deal of mica and pyroxene ; it is pretty much all pyroxene down
there. We have more limestone and mica here. The Quebec phosphate is,

I think, nearly all green, while most of the phosphate here is a reddish
green ; it is mostly colored a little. There is some here as hard as
granite. The purity of our phosphate depends upon the mining. By proper
mining we can get it 80 per cent., and higher if we wish. Our people have been
more cureless, and the Ottawa district has got a better name. I think the contract
system is to blame. I think the prospects as to the quantity here are as good as

they ever were
;
people are making new discoveries all the time. Within the last

two or three years prices have not been good. Miners are satisfied to get $12 a ton
for 80 per cent, on the Rideau canal or at Perth. It would cost $7 to get it up,
and then the carting would cost according to the length of the haul. Some of

the deposits require no cobbing at ail ; they will go 80 per cent, without' touching
them. In the ore we ship, seconds would run about 60 per cent. ; they are about

A large vein.

Color and
quality.

il
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one-third of the whole. I do not. know whether it could be profitably mined to a

great depth. It is verj^ uncertain, and one cannot make a calculation about
going down ; sometimes large surface showings play out in two feet We never

use a diamond drill, and I don't think it would be safe to depend on ; it might ^*fP ""'"'"^

,. , . 1 iiiTT 1 ^ •, oi • i-i- ^Ji" proving,
result m condemnmg a place that did not deserve it. Sometimes the veins dip

considerably ; sometimes they run in and out ; there is no regular dip about them
;

there are no two of them alike. Sometimes two veins join below, and then we
look for a larger bunch.

George McMartiii,—I have been interested in mineral development in the
Perth district for twenty, years, Avith the exception of three years when I was away.
I have worked both phosphate and mica. The phosphate properties are in the per^tles inVort'h
5th and 6th concessions of North Burgess, lots 4, 5, 6 and 7 in the 5th, also 8, 9 Burgess.

and 10 in the 5th, and 11 and the north-east of IB in the 6tli ; those are the princi-

pal ones. The phosphate occui's generally in veins in that part of the country. In
the 5th concession the veins are well defined ; they run north-east and south-west,
and liave water frontage on Otty lake. Some dip, but as a rule they are flat. The
rock is a hard grey granite and the walls are perfect as if chiselled. The vein matter is Occurrence of

pyroxene and mica, but occasionally we run into crystallised calcspar. The veins the phosphate

are from eiglit inches to three feet wide. There has not been more development
owuig to the want of cajjital. The work is let out by contract ; therefore quantity
is the object with the men, and they throw in dirt. I am speaking of one lot on
the Rideau ; there are twenty-two veins on the bank of the Rideau there, but only
two of them are three feet wide. Some of the veins small on the surface widen,
while other times those that are wide on the surface pinch out. It would be
diflicult to say what a vein will do farther than one sees it. One of the reasons why
they have not been worked is, I think, because thej' are in veins and there is so much
dead ground they could not be worked to any depth. If the vein kept perfectly
pure and three feet wide it could be made to pay, but not at the j^resent price. To
meet all markets it w'ould take a six-foot vein for profitable working. Our phos- Narrow veins

phates here are very pure, but at the present price these thin veins could not be "«* profitable.

made to pay. We have many wide veins on other lots, generally in calcspar.
They are from 10 to 25 feet wide, but are not pure phosphate crystals ; there is a
good deal of calcspar. These have not been followed to any depth. We went
down about fifty feet on two of the narrow veins ; the phosphate gave out at a
depth of about twenty-five feet, but we struck it again before we got down to fifty feet.

On the north-east half lot 13 in the Gth concession the walls are perfect and about 25
feet apart. The intervening space is filled up with calcspar, phosphate and
pyroxene. Such veins could be worked at $7 a ton. Taking the vein as it goes,
without cleaning it at all, it would go about 50 per cent, phosphate ; in many
places it would yield 80 per cent., but 50 percent, is about the average. The
present price w^ould not pay to do deep mining, on account of the narrow-
ness of the deposits. Then again we can't sell it all here ; the quantity
taken out is not sufficient to induce the buyers to come. A man near me has
twenty tons, but he cannot sell it ; if he had a cargo perhaps he could dispose of it,

but now he has to hold it.

Robert C. Adams—My residence is Montreal, and I am managing director of the
Anglo-Canadian Phosphate company, of Liverpool, England. The company was .. „ ^,.^^
organised two years ago last summer ; the chairman is Sir John Morris of London, Phosphate ccm-
and the secretary is Mr. Brainerd Radcliffe of Liverpool. The subscribed capital pany-

is about $140,000, and is all paid up. I have been interested in apatite mining in
this country about eleven years, largely in the townships of North Burgess and
Bedford, and also in Ottawa county, Quebec. Our company has acquired all the
properties I originally owned, and some others close to them. Those in North
Burgess are in the 5th to the 9th concessions, and comprise 3,150 acres. The Pi^opertJes of

Bedford property consists of a mining lease of some 600 acres, near Bob's lake.
^^^ company.

Mining commenced as soon as the company was organised ; they continued the
work I had been doing and enlarged it. We attempted deep work, with com- Mining opera-
pressed air, but it was not successful. The seams were not sufficiently continuous ^^°^^^-

to warrant that kind of work ; they would get small at times, but they did not give
out. We found the work was more expensive by machinery, and we therefore
have gone back to the old method. We are down 100 feet on lot 5, in the 8th of
North Burgess, upon a vein across the strata, and there is another shaft about 80 sinking upon
feet on a vein at right angles to the first. As we went down the vein that ran two veins to

across the strata we noticed a considerable difference in the phosphate, depths of so and

It turned largely into sugar phosphate, and our analyses were much ^^^ ^^*"

I
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higher, so much so as to sui-prise us. The phosphate that we usually

estimated at 80 per cent, analysed 86 per cent. ; while what i laid aside for

75 per cent, went 81 per cent. At a dei^th of 100 feet it improved in quality, and
I have no reason i o suppose it would pinch out. We did some drift ng, and found
the same characteristics as in the shaft. We opened on the length of the vein in

the shaft, and have woi'ked at least 100 feet. There are perhaps 200 or 3(J0

litt'e pits on this property in North Burgess. My impression is unfavorable to

the use of machinery, owing to the fact that the gangue rock in that district is apt

to be barren, while in the Quebec district the whole rock will be honeycombed
with phosphate. In this locality it is more confined to veins. The average width
of the veins, I think, is between two and three feet, the widest bein'j; about seven

feet. Veins seven feet wide were found last year ; they pinched out, but I have
no doubt they would come in a;^ain. I believe a very large quantity of apatite is to

be found in this region. The great difficulty is the irregularity of the deposits.

Last y«ar we took out from 800 to 1,000 tons, and the largest year's work upon that

property has been about 1,000 tons. This year, so far, we have taken out between
500 and COO tons. We employ from 15 to 30 men. I think the contract system is

the better, and we have now gone back to it. It is much better in majiy resjiects,

owing to the deposits being so scattered that it is difficult to superintend the men.
The objection to the contract system is that the (quality is apt to be less good, and the

work requires careful watching. When working by the day we paid $1.25, and by
the contract iS(5 a ton. It varies, of couise, with the depth. For surface work we
were paying $4.50 a ton ; at a depth of 70 or 80 feet I paid about ^5.50. It is

difficult to get men to work at a depth, and when they get to about 30 feet they
seek for a new pit. When they follow a vein they just gouge the mineral out, and
when we come to work it again we have to do some dead work to get it fit for

working. Oui" market is in Eui^land and Germany. Germany is the Ijest market
for the verj^ high qualities, but the ordinary grades find the best sale in England.

My aveiMge from the North Burgess mines has been about 79 per cent.—from 74 to

84 per cent. One year by contract it averaged 79 per cent. ; that is a high average

for contract. We make 75 per cent, the minimum. The price at present at

Montreal is about $12 a ton for 75 per cent, phosphate. There has been a yreat

decline. Formerly we got Is. 3d. a unit for 70 per cent , but the price now is P|^d. ; 84

per cent, phosphates would be worth $18 per ton in Montreal now. Some years ago

it was worth $23 or $24 a ton. I think superphosphate can be manufactured here.

The only dififercnce is as to the supply of sulphuric acid, but I think there is so

much iron pyrites in the country that a place could be found for treatiig it. T

think that in accordance with the experience of other countries the demand for

su[)erphosphates is bound to increase. They are largely used in the States. The
trade is opening up in that country and there is a great demand for our product,

but principally for the lower grades. I think the reason they take the lower grades

is because they have been in the habit of using the (Carolina phosphate, which
contains only about 54 per cent., and they have not had any experience with high

grade phosphates. I do not see why the manufacturing of superphosphates should

not be profitably carried on here. C have experimented myself in my garden at

Montreal with raw phosphate. The effect ou some of the roots and plants was
wonderful the first year, and I think it affected the crop the following year. The
m ttter of the American market, however, is a very important one, as also is the

encouragement of the use of phosphate at home ; the good effects arising from its

use in other countries show that it is of great value to farmers. The supply of

Carolina phosphates is plentiful, and this year they are taking out more than ever,

but the output of half a million tons yearly must in time exhaust the supplies. T

don't think the quantity in this district is as great as in the province of Quebec ; I

am speaking of North Burgess. It is not found in as large single deposits as in the

few higlily successful mines in Quebec ; but with those exceptions I would say it is

in as good t[uantities. It is not on the average quite so high in quality as the

• phosphate from the Lievre district. It is all very similar throughout the whole
district from North Elmsley through into the townships of Sydenham and Lough-
borough. The most productive work has been done in the section near Otty lake,

some 15,000 tons having been j^roduced from those lots alone. It also occurs in

Bedford, Hichinbrooke, fetorrington and North Crosby. I am now working also at

Bob's lake, in the township of Bedford, Frontenac county. The deposits there are

remarkable in character, and consist largely of crystals occurring in soft rock, so

that a great deal can be taken out with the pick and shovel without the use of

explosives. I am working there on conti'act, and for the last two months the men
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have been taking out double the usual ([uantity per man, ami they are making as •,-,,^, ^qi^-^ ^^^^^

much as S-'. at I a day at the present time. The percentage is very high. It is all mines.

over 80 per eent.. and a great deal contains 1)2
[
er cent., being crystals, but tlie

average would be wliat 1 have stated. The veins are small and iiumerDVis, varying

in width from one to three feet ; they mostly run nurtli-west and south east— that

is acros-i the stratitic ition. As a rue 1 think tlu-y run parallel. A great number
of tlie veins are bein,' opened now. Tiit^ country to the north has l)een explored
for ai>atite latelv and I have h ard of some openings l)ut none have been worked ,- , . ,

• 1 'i 1 111111 11 11 I.xploring for
contuiuo <sly. 1 do not see why they should not l)e as good there as elsewhere. 1 phosphate.

think the country has been pretty well run over by prospectors, but a gieat deal of

it i.s thick bush, and it is very dithcult to tlotera.ine its cliaracicr. The characteristics

are about tlie same, J think, as in North Burgess. We have less cobbing work than
they have in Quebec, but on the other hand less productive rock, the phosphate
being in distinct seams. The country rock at Bob's lake is i»yro.\ene. At North
Burgess there ajipears to be a mixture of j)y'roxene, limestone and ([iiart/ rocks.

The quartz occurs in 1 irge l)eds and veins. 8oiue of it is said to be auriferous. We guartz'^^"^
have had analyses as Idgli as B'2l lo the ton from some tpiartz fr()ui North Burgess.
I have been assaying a good many specimens myself, and I found gold, but none in

appreciable quantities. The rock is principally ])yroxene, but there is a hirge
quantity of dark amber-colored mica which has little commercial value. The
reason machinery did not succeed was because the seams were too small, and we
had to cut a larger space so as tt) be able to v.ork the drills. On aocount < f the
amount of work it is not a- ch ap to use machinery in small veins. I refer to
compressors and drills ; of course we use hoisting machinery. We have done very
little drifting ; a great deal of time has l)een wasted hoi-ting water. If the mining Economy in

were done by hand and the hoisting and pumping by steam they could succeed "orking the

better. We generally employ in one pit a gang of four or live nn n. One-fifth of
"""®^-

a ti-n a man is ge erally considered about the average work. F \e ujen will take
out about a ton a day where tln-y are at all successful. I should say that the
deposits never run out ; they pinch lor a space and then come in again. I tliink

they are persistent, but vary in size. The only reason f<>r not going deeper is the
cost ; it is more ecoiKunical to g > to another place. When the price Mas high a
great deal of the phosphat.- was taken out by farmers themselves, and they still

take out a littie, bu I do'nt think they nnne intelligently.

B. T. A. B-U—lama journalist and editor of the Mining Review. I have
taken an interest in niinmg for several years, and have been directly connected with
it for two years. During that time there has been a materi d increase in the
amount of capi»al inve.st. d in our mines, a larger number of men have bet-n employed,
and I think the o tput of ore has st- adily increastd. I am referring now to j^hos- I'lipressions of

phate mining, vvhich is the principal mining interest of this vicinity. I have not
^"t^"°°""^s-

had an opportunity of visiting mines along the Kingston and Pembroke railway
yet, but have some fi e specimens of their ore and know what is going on at the
mines. I am particularly impressed with Boyd Smith's mine, the sj eciHiens from
which are quite equal to any from the Quebec side. From Sydenham I have speci-
mens that 1 think would go UO per cent. I do n{jt know of any re >son why phos-
phate from the Kingston distinct should not be equal in quality to that from Quebec.
In the Pe th district there are large surface showings, but it is not possible to sav
yet to what extent the veins continue. In the (Jttawa valley it has been proved
that the d.-eper the veins are followed the better and purer the rjuieral becomes.
At the Foxton mine, near Sydenham, at a depth of 115 feet the vein is from 8 to 15
feet wide and improves as it goes down. Last year it is estimated 23.«)!) ' tons of pho-^phat°J
phosphate were mined and shi])ped from Canada—fr. ni the Ottawa district 18,055
tons, and 4,735 tons from the Ontari- district. The amount from the Ottawa
district I got from the way-bills. The exports are how^ever less than last year on
account of difficub ies in sending down the mineral on the Lievre river and the
unis laliy high ocean freights. Large quantities are held over till next season.
There is S(mie talk of establishing fertiliser winks here. The -rea^ .iithculty has

,-e'rtiiiserl"'^''

'^^

been to procure sulphuric acid ; now, however, tests have l)een made at Capelton
by G. H NicoUs & Co., ad it is believed the experiments have b-eii successful.
The demanil for our phosphate in the United States is increasing. Taking the unH°d*state«*
figure-* as given by the American consul f' r this district, 1 find that in 1^84 our
sales to that country were tiil ; in l.s8o, 8775 ; in ]M^6. S'.IO*} ; in L^87, 85,407 ;

in 18SH, S12,0<i0. Thar was all second class ground pln-sphate. I believe if the
figures were obtained i\om the Perth and Kingston districts these figures would be
very much increased. Those I have given are for the Ottawa district alone. The

12 (M.C.)
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freii^hts from Kingston are of course very much less than from here, and very much
less'^than phosphate can be shipped from Carolina to Buflalo, Chicago and other

lake poinfs. Our phosphates are about 30 per cent, higher than the Carolina phos-

])hate, too.

fViUiftm A. Allan—I have been interested in niining matters for about thirteeit

years, mainly in connection with phosphate and mica. During that time the only

phospliate property I have developed in Ontario was the Pixley mine in the town-

ship of Burgess, but in Quebec 1 have developed several mines. In the township

of Templeton, Que., phosphate occurs in a coarse crystalline limestone and

pyroxene. 1 don't think the phosphate in a limestone formation goes to a great

depth, at least that is my experience There have, however, been exceptions ta

that rule ; at the Blackburn deposit they have gone down 80 or 90 feet, and there

is a large showing, but that is exceptional. We look for phosphate in the pyroxene-

masses, as it is the most common associate of the apatite deposits. In the town-

sliips of Buckingham and Portland the phosj^hate occurs altogether in the pyroxene

rock, with occasionally hornblende, calcspar, scajxilite and little dykes of granite.

The dyke is not more than from thr. e to six inches wide, and on both sides of it

w^e find phosphate. In Wakefield a great deal of the phosphate is red ; in Temj)let-n

there is red and green ; in other places it is mostly green. I have not

seen any variation in color caused by veins running in different direc-

tions. Some of the phosphate veins are very pure ; in others there

is a considerable quantity of black mica. Pyroxene veins occur in

interlaminated bedded masses, and in what is called bastard granite ; it is not as

hard as granite, it is a rock one can cut with a knife. Phosphate-bearing pyroxene

occurs principally in bands, which are sometimes dioritic. As a rule the bands are

seldom more than twenty or thirty feet wide, except in places. The pyroxene is of

different colors ; in some instances it is very dark, at other times it is of a much
lighter shade, and in some instances. it very much resembles the apatite itself. A
Mr. Garrett some years ago mined more than (500 tons of pyroxene, thinking it was-

apatite. I have not examined the phosphate district of Ontario to any extent. I

operated in the Perth district, in Loughborough and Burgess, for a couple of yearsy

but found I could not work with a profit as the deposits were too shallow and
small ; they were principally associated with limestone and did not hold out. I

boui^ht the'Pixley properry in that district, and took out about 200 tons, and then

sold it. One of my best men made for me a report of a property in the Sharbot

lake district, and it was not favorable. I have had men exploring all through the

Kingston and Perth districts, and they never discovered anything that I would
consider equal to the deposits in the Buckingham district ; it is apt to be more
pockety there. The Ontario }>hosphates do not often go over 80 per cent., and the

average would be about 76 per cent. ; they range from 60 to 80 per cent. If shipped

clean and carefully separated it ivonld go from 76 to 80 per cent., and some might
CO as high as 82 and 85 per cent. The highest shipment from the Little Rapids
mine was 174 tons, 85. (iO per cent.; that was the highest from Canada, and was
e<|ual to .S10.:-iO a ton in Montreal at last season's price. A shipment of 172 tons

went 84.84 per cent.; that was equal to $18.80 in Montreal. The best market for

high grade ore is Hamburg, bu twe have to guarantee HO per cent. We shipped

some of the first (piality to London and Liverpool, and I think the net results were
about the same, as we get nuich lower freight rates to Liverpool than to Hamburg.
The output from the mines is increasing every year a little, but not very much. At
Buckingham they grind some of the 60 per cent, phosphate, and it is shipped in

baiJ-s and sold in Chicago. It is a mere experiment, and I don't know what they

get for it. The freight from Montreal to Liverpool averages from 2s. 6d. to lOs.,

and to Hamburg I'is. 6d. to 15s. The commission charges are not very heavy, from
60 to 75 cents a ton will cover all charges Tlie commission for selling it in London
is 2i per cent., the weighing costs Is. a ton, examining 10s. 6d. a shipment,

analysis (of which the seller pays half and the V)uyer half) from £2 to £3. There
are some other charges, but taken roughly after it leaves Montreal 2s. 6d. a ton

will pay all otlier expenses above freight. I think most of the ore is shippeel at an

average freight of about 5s. < t 6s. per ton. The advance in ocean freight rates

generally occurs late in the season, when grain begins to move. Taking all charges,

it amounts to aViout $i from the mine, and that leaves a fair profit for the miner.

In Buckingham wages are al>out the same as in Ontario. Ordinary miners get

from $21) to $25 a month and board. We give good steam drillers $1.50 a day and
board

;
good ordinary hand drillers $1. 10 and board ; ordinary miners an 1 laborers,

$18, $20 and $21 a month and board. Machinery is very extensively used. At
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Little Rapids the vein will average from the top to the bottom five to six feet. It
^^.^^.j..

pinches and widens again, but it is continuous throughout. The greatest depth we Quebec mine&.

have reached is 210 feet. At the North Star mine they have sunk to a depth of

620 feet, but I cannot tell you the width of the vein there. It has been traced on

the surface for half or three-quarters of a mile, and outcroppings appear here and

there.

EobeH J. Brodie—The Standard Fertiliser and Chemical company of which I

am president was organised a little over three years ago. The cajntal is §50,000
g^.^^^,^ P^^j^

and half is paid up ; it is all Canadian capital. I started the work originally my- superphosphate

self about nine years ago. The most expensive part of our plant is the sulphuric works.

acid chambers. We have machinery for grinding and mixing ; we have drj'ing

kilns, sifting machinery and vats—all the machinery that is requisite. We make
our own sulphuric acid from brimstone, most of which comes from Sicily, but we
occasionally get some from Japan. It used to come over from Japan as ballast,

but of late the Canadian Pacific railway has taken a good deal of the trade of that

countrj- and very little comes that way now. It is as good as pyrites, and as far as

I can make out it is more economical. The brimstone costs us about one cent per

pound at the works, and perhaps a little more sometimes ; we buy by the long ton and
pay 823 a t m. To manufacture the superphosphate we grind the apatite very tine, from Process of

80tol20mesh. It is ground with buhrrstones and then we air-fl -at it. It is let fall past manufacture,

the suction chamber where it is drawn in, the coarse stuff falling down and being

put through the mill again. We can regulate the power of the suction and so get

a 'y required fineness. After it is ground we measure the charge for the mixer ; we
measure also the exact quantity of acid and run the two in the mixer. After it is

mixed we run it into an air ti:jht bin which is supplied with a wooden funnel to

suck up the hydrofluoric acid gas. This gas is very dangerous, and the want of a

funnel caused loss of life in Chicago recently. When it comes into the bin it is

about thj consistency of porridge, but inside of twenty-four hours it is dry and hard.

It is broken up then and i-; ready for the market. That makes the superjjhosphate.

To make different kinds of fertilisers we mix it with ammonia, potash, etc. We
make five grades, the Fruit-tree fertiliser, the Peach-tree fertiliser. No. 1, Standard,

and Special, besides which we sell a little of the raw phosphate. The quantity we
manufacture varies ; last vear we made about 300 tons ; before that it was a little ,„ ;„„,^„.j„^'.-. 1T1 TT 1T111 1

^^ increasing^
less. Ihe demand is increasing, and I have no doubt we could sell a thousand tons demand for

if we could make it. We generally have more than the farmers want in the fall, tertilisers.

but this year we had not one-tenth of what they wanted. I think this year we will

make about 500 tons. We buy our stock and have to pay cash for it. Farmers
arc recognising the merits of it, and last year we sold it to old customers without
having to advertise at all ; they sent in their orders almost without solicitation. We
sell quite a lot to fruit growers in the Niagara district. We sell quite a lot to

market gardeners, too. The principal district where farmers take it is in the

Eastern Townships, Quebec. The reason of that is because we worked it up there

more than anywhere else. We have never tried to sell it amongst the farmers in

the western part of Ontario at all ; we have never had enough made. Experiments
have been made with the raw phosphate ; I supplied quite a lot of the finest ground
to farmers, but they said they could not see any difi'erence on account of using it. They Raw apatite

did not actually weigh the grain, but they could not see any difference ; while using the
superphosphates they could s^e the difference. As far as I know no good has resulted
from the use of the ground apatite. I have never yet sold a bag of raw a second
time to the same man. We went to a good deal of expense to get farmers to trj' it

;

we sent out fully §100 worth of the raw ground. The only condition was that they
should report to us the result. We got them t> sign an agreement that they would
let us know the result, but only a few did do so, and the result so far as ascertained
was as I have stated. The reason more fertilisers have not been used is on account
of the agricultural depression. If times improved more of our fertilisers would be
used, judging from the increase in the demand this fall owing to the higher price of

wheat. Our prices are, Superphosphae S-(J a ton, No. 1 832, Standard 835,
Special 840, Fruit-tree 840. About seven-eighths of our whole output is Special
and Standard ; it sells for 835 and 840 and gives the best results. We sell very
little superphosphate alone ; we sold a couple of car loads for sugar beets. Our
output last year in value was of fertilisers about 810,000 and of acid phosphate
§7,000, making a total of 817,000. We make acid phosphate from the purest green Acid phosphate,
phosphate. We select it very carefully by hand and make it into superphos-
phate

; then we leach off the soluble acid phosphate from the superphosjthate which
gives the liquid acid phosphate. To make the dry acid we concentrate it in enamel
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kettles. When it is evaporated down to a syrupy or pasty mass we mix it with

starch ; then we dry and grind it ; that is the whole process. It is used as a

substitute for cream of taitar We make about 250 lb. a day. We will average

that t roughout this year. I'ur market is in Canada. The acid phosphate that is

supplied at a dollar a bott e could be suiiplied with a large profit at 7 cents a b(,)ttle.

We cou d sell ncid ])hosphate by the pound at 7 cents m -king it with tei'ra alba but
the best grade should be 10 or 12 cents ; our best gra ie is 12 cents. I am a

Superphosphate gra'iuate of the Magill College of Sc enceand do my own analysing. Every January
»a a fertihser. ^^^ send samphs to the chief analysist of the Internal Revenue at Ottawa, and you

will tind tliat oui- produce Ins been up to sample in every instance. We make sul-

phate of lime and sulphate of soda ; it is used in the glass works at Montreal. We
do not make ni ric acid for sale ; we use it for makuig sulphuric acid Farmers
say that 250 or 30 ) lb. of ou' tertiiisers will have the same effect as 'JO or 25 d"uble
Icjads of well rotted uianure, and they claim that the efl'ects are seen for two or three

years. We recommend 350 or 400 lb. to the acre, and market gardeners put on
from ^00 to 1,000 lb. For spring crops it is better to put it on in the spring It

is better suited for clay and loam soils ; in some lime soils it does very well, but
then it is (juite possible that it is tlie potash and ammonia that are doing the good.

When mixed with the sulphuiic acid the phosphate gives up two of lime but woij't

give up the third, and it is claimed by some that when it is put on lime soil it will

Raw materials take up two of lime out of the soil and go back into the original form. The
ammonia in a ton of Special costs us §11. We import the potash from Germany

;

we also imp rt some amuKmia and get some here. The apatite we get sometimes
between here and Kingston, sometimes from lake Pelican in Burgess, and some-
times from Buckingham. The apatite of this region is aViOut the same as that

from Buckingiiam. I got some small lots from this section that I thought purer
than any 1 got below ; it seemed to be very dei;se. It would not pay us to make
acid fro M pui'e pyriies at .$10 a ton. It wouldvequir^ more chamber space, and
the chamber would not last as long, not more than half as long, as using brimstone.

It would also cost more to attend to it, b-.t now a boy looks after ours at (iO cents

a day. If we were burning pyrites we would require the service of a man to

see that it was burning properly. 1 do not know what it would cost now to buy
the sulphuric acid. Some thite years ago we bought s< me at Brockville and itcost

Us about two cjnts a pound. Now ic costs us to manufacture it about 70 cents per
100 lb. ; that is the eijuivalent of the concentrated acid, but we do not concentrate.

If we bought it. it would cost us about $'1, whereas we make it now for 70 cents.

We use some 6 '> per cent, phosphate ; that costs us about ^8 at the mine, and the
freight is about $1, making witii the cartage about ^9.30 at the works We will

not take anything; under that. We have to get a grade that will make a certain

percentage of soluble, and if it goes under 05 per cent, it will not answer; if we get

a stronger grade of pho^sphate we have to fill in. The high grade, that is 84 per
cent., costs .$17.50 at the ftc ory. The ammonia we use costs $60 a ton. Ground
leather and wool wast s which will give the same analysis, can be had for $5 a ton,

but they are of no use for plants. The law does not recognise that at all. We
could use that materi d and save some $'>3 or $55 a ton and the chief analysist

could not find fault. I think an affidavit should be required, stating in what form
the ammonia was. As the law now stands great frauds are possible.

Sir James Grant— I look upon the phosphate industry as one of gi'eat imj^ort-

Importance ance, and one which is but in its infancy yet. Recent investigation has shown that
of th- phosphate

gjjg]y ground phosphate of lime sprinkled upon the ground is extremely fertilising,

though not so immediate in its effects as superphosphate. One comp >ny contem-

plates using the sulphur from the Sudltury district to manufacture sulphuric acid,

and to establish large works at Buckingham for the treatment of phosphate, with

the idea of shi|)ping it in its manufactured state as superphosphate to England.

7 here is no reason why it should not be chemically treated in this country. At pres-

ent they are grinding up the sectmd and third quality apatite at Buckingham and
ship])ing it to hicago, where it is mixed with the refuse from the slaughter ynrds

a- d manufactured into some kind of manure. I think the United States will be

the best market in the future. The phoHivhai-es of Carolina are of very low grade

compared with lurs, being oidy from 25 to .50 per cent.

Trade. Byron S. Walker—We have pyrites from which sulphur c acid might be made
to treat our jihosphates. A large b isinc'ss might be built up with the southern

states in phosphates and superphosphates, if the freights will allow of it.
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PLATINUM.

Though platinum has not yet been found in any workable amount, a

notable quantity of a hitherto unknown compound of this and other metals a platinum

of the same group with arsenic has recently been produced at Vermilion mine

in the township of Denison. The compound is a heavy white metal of a

composition as given by Prof. H. L. Wells, of Yale

—

Arsenic 40.98 per cent.

Antimony 50

Platinun ^ 52.57 " "

Rhodium 72.'

Paladium trace.
'^

Iron 07 " "

Oxide of tin 4.02 " "

Total 99.4G.

The formula PtAso has been given to this mineral, as it is amorphous with

FeSg, and the name of spenylite (after Mr. Sperry, the chemist of the Cana- SperTiite.

dian Copper company) has been given to it. We tested some of this mineral

with a blow-pipe in August, during our visit to the Vermilion mine, and found it

readily fusible, giving ofi no fumes and leaving a white bead, slightly yellowish,

which was quite brittle when hammered. Tne sperrylite is obtained, together

with gold, from the decomposed gossany matter lying about the diorite

mound from which the copper ore is taken at shaft No. 1 of the Vermilion

mine. This gossan is run through the prospecting stamp mill for the gold it

cont »ins, and the sperrylite is caught on carpets.

P L U iM B A G O.

A deposit of plumbago has been discovered in the township of North

Elmsley, in the county of Lanark, to which reference is made in the evidence.
^^orXEimsley,

The proce.ss of treatment of the ore is given by Mr. Vennor in the Geological

Survey report, 1872-73, page 178.

W. L. Morris—Plumbago occurs at Oliver's ferry in massive rock, about 40 per

cent, plumbago and 40 per cent, quartz. Mr. Eaton of Charlotte worked it and
made three grades—pencil and two coarsiT grades. I believe the reason h- stopped
was because he was paid not to work it. He told uie liimself that the first six

months paid him all the cost of the machinery and a profit besides. Tliere is any \ pUimbago
quantity of ore to be seen there now. It is in North Elmsley and is known as the minein North

King lot. The deposit is lenticular and extends over five or six adjoiniig lots, but ""* ®^"

not in such large masses. Mr. Eaton had a battery of 10 stamps and stamped it.

The waste was sold to manufacture stove polish 'i he property is close to naviga-

tion, within one mile of steamboat navigation and six miles ot the railway. Mr. ^ vain in Bed-

Eat(m told me his prices were 6, 9, 15 and 20 cents per j)ound wholesale, f^rd.

In Bedford there are numerous veins, one in particular that will average six feet asid

which appear.s to be solil plumbago ; but a drop of acid on it will show lime al

through, and this renders it less valuable. A shaft has been sunk there about 100

feet. The deposit at Oliver's ferry contains no lime.

R. Sherrett—The deposit of plumbago at Oliver's ferry is the largest one in the The deprsit at

Perth di.-itrict, but I never took much notice of it. There seems to be almost any diver's ferry.

quantity of it there. The whoe rock is dark and black looking and < ne can see

graphite all through it ; 36 per cent, graphite is the best assay I s-ecured in this

district. I have seen samples from Bathur.--t, but the outcrops there seem to be

more extensive then they really are when opened up.

SALT.

The Prea in which salt is reported to be found in Ontario may be said to
'^ "^ Tlie salt area i»

be south of a line drawn in the vicinity of Kincardine, Wingham and Brussels, Ontario.

I
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and -rest of one drawn south from Brussels to Seaforth. The salt bed or beds

run south and west into Ohio and Michigan, and developments in Ontario

have chiefly taken place on the north-east edge of the beds, except where it is

drilled into at Courtright, on the St. Clair river. In the borings which have

been made one or more beds are met with at a distance of about 1,000 feet

from the surface, varying in thickness from 20 to 100 feet. The quantity is

practically unlimited and the quality is excellent.

PROCESSES OF PROnuCTION.
After dissolving out the bed of salt for some time, it is found that a cavity

Dissolving the js focnied into which the upper layers of rock sometimes fall, jamming the pump
tube and taking down portions of the gypsum which occurs in the super-

imposed strata. This gypsum gets dissolved and bothers the manufacturers,

both by forming a coating on the evaporating pan and getting into the manu-

factured salt, thereby to some degree impairing its quality. In the inland

places the water from the upper strata follows the drill or pump tube and

gives a sufficient supply to dissolve the salt rock and keep the pump supplic d

with brine. It appears from the evidence that this water dissolves a ceitain

amount of gypsum in its passage through the strata containing it, an objection

which, it is claimed, is overcome at the wells on the St. Clair river by forcing

river water down the salt in a casing outside the pump tube. Even by the

latter process, however, they are not free from the inconvenience of gypsum,

^ ^ and on the Amercian side a process patented by Alburger & Wilson, of
_A patent process r i- j o
io eliminate Buffalo, is in use by which the gypsum is extracted before the brine is run
-fypsum from _

_

^
ihe brine. into the evaporating pan. This is done by forcing the brine through horizontal

tubes in a heater raised by steam to 280°
; thence it flows up through a cyl-

inder three feet in diameter filled with large pebbles. The gypsum is deposited

from the superheated solution in the tubes of the heater and around the peb-

bles, and as no evaporation takes place no deposit of salt can occur. The

tubes of this heater are bored out once in two weeks and the gypsum encrusted

pebbles are replaced at intervals with a new supply. After passing through

the stone chamber the brine is raised to a higher degree of heat and run into

an evaporating pan or "grainer," as it is here called, where the process ot"

deposition is carried on. Revolving arms, to which trailing pieces of wood or

leather are attached, are in constant motion in the evaporator, and these trail-

ing pieces, striking the crystals of salt as they form on the surface of the brine,

throw them to the bottom. By this simple expedient very fine crystals of salt

are formed continuously and no grinding is necessary, although it is bolted

after being dried.

The ordinary process in the production of salt No. 2 is carried on both
Ordinary

jj^ Ontario and Michigan as follows : A hole about 4i inches in diameter is
f)rocef8 of * ^
production. bored down until the first or second salt bed is struck, in which a tube of 3-inch,

inside diameter is inserted for the pump. The cost of drilling is now about

$1,500 for holes from 1,000 to 1,120 feet deep, the figure in one case being

$1.05 a foot, machinery and fuel, but not tools, supplied. As a rule the driller

supplies everything, including the casing to the rock. From 1866 to 1868 the

cost of patting down a well ranged from $3,000 to $5,000, but with improve-

ments in the process and with experienced workmen the cost is now reduced

Soring the well.

II
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by about 50 per cent. Where the lake or river water is forced down through

an outside tube and the brine comes up from the inside one, as at Courtright,

the outside pipe is 4 to 4^ inches and the inside 2 inches in diameter, inside

measurement.

Tn the ordinary mode of raising the brine it is lifted up by a pump making

about 30 strokes per minute, lifting some 18,000 gallons a day of ten hours. Pumping the

For this purpose an engine of 20 horse-power and a boiler of 25 horse-power are

generally used. The brine in the Ontario wells is usually 100^ (one-tifth salt),

the maximum of saturation. The tube reaches to the salt bed. Where not forced

down the water is struck in a stratum of broken limestone at about 500

feet, and either rises to the surface or nearly so. The pump consequently

has not much lifting to do. The pressure of the water running down the side

of the pipe to the salt forces the saturated water up the pipe to its own level,

less its greater specific gravity as brine. It is estimated that this pressure

is about 500 pounds per square foot at the bottom of the tube. The plunger

of the pump as a rule is put down only about 500 or 600 feet, but the tube

reaches to the salt bed. The amount of brine pumped is generally double the

evaporating capacity of the pans, so that no pumping need be carried on at

night.

The brine is pumped into large vats or tanks, whence it can be directed

at will into the pans. The size of the average pan is about 100 feet long by pans.^^^P*""^""^

26 feet wide, and will produce about 100 barrels of salt a day ; but at Kin-

cardine there are pans 191 by 32 feet and 140 by 25 feet, which will produce

from 300 to 400 barrels a day. The pans are deepest at the fire end, the

large ones being one foot deep there and six inches deep at the farther end
;

the smaller pans hold an average of three or four inches, but the amount of

salt produced by any pan of course varies according to the amount and quality

of fuel used. The pan has to be cleaned from gypsum scales usually every

two weeks ; otherwise there would be a great waste of fuel.

At the fire end of the evaporator the salt is deposited most rapidly, owing

to the brine being heated to a greater degree in that quarter, and the salt
.

° '^ ^ Process of manu-
ruust be continually raked back for a distance of some twenty-four feet. At facturing the

, . . ,
,

salt from brine.
this part of the pan the crystals are very fine, and are raked out about

eight times a day. For another twenty-four feet or so farther on the crystals

are somewhat coarser, and the salt is raked about four times a day. At
the end of the pan farthest from the furnace the crystallisation is so slow that

the raking is done only about twice a day, and the snlt is of the largest crystals.

At some of the works this coarsest salt is run through a cylindrical dryer and

then ground and put up in neat sacks for table and dairy purposes, and thus

prepared it is considered the finest salt. The ledge upon which the deposit

is raked slopes towards the pans, into which any brine taken out drips back

again, and the sgilt is soon dry enough for handling. When dry it is thrown
into compartments which are divided off according to the various grades of

salt, and usually for convenience in that portion of the building immediately

on each side of the pan, and extending to the ground floor. Beyond this a

side wing is built as a passage-way, etc., and here also the barrels and sacks

are filled. A barrel of salt weighs 280 pounds, and at the time of the visit
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of the Commissioners the ruling price was about 54c. It was 96c. to 97c,

under the Association.
LOGS OF BORINGS.

A valuable report on the geology and chemistry of the salt deposit

Report* on »%\i.
°^ ^^® Goderich region and a discussion of the best modes of manufacturing

salt was written by Dr. Sterry Hunt in 1869, which is found in the report of

the Geological Survey for 1866-69, page 211. J. Lionel Smith also wrote on

the history and statistics of the trade and manufacture of Canadian salt,,

giving the logs of some bore holes, in the report of the Survey for 1874-75,

pp. 267-300. The following logs are valuable as indicating the depth of the

wells, and the stratification and general chariacter of the salt region of the

province :

KiscAROiXE.— (John Tolmie.)

At 888 feet fmra surface struck the

1st bed of salt 28 feet

Limestone 32

2ud bed of salt 33

Total depth of well 981

Lift by pump 600

At Port Elgin and Southampton drilled and got no salt.

Ukay & Scott's well.—(J. Lionel Smith).

Common sand • 7 feet

Yellow clay 8

Water gravel 10

Quicksand 64

Alternate layers of sandstone and limestone 28

Limestone 179

Very fine grained white freestone 29

Dark colored limestone 276

Ked shale 14

Blue shale 115

Very hard blue limestone 164

Very hard cherty rock 5

Rock salt 12

Alternate layers of blue shale and clay, mixed with sait 36

Hard and pure rock salt 60

Total depth of well 1007 feet

Interxatioxal well.—(J. Lionel Smith.)

Blue clay with a few limesione boulders 100 feet

Limestcne boulders and gravel 40

Alternate beds of sand-itone and limestone 510

Hard flinty limestone 300

Blue shale with streaks of red shale 84

Gypsum 6

Brown limestone, soft 14

Rock salt (No. 1) 19

Brown limestone, very hard 30

Rock salt (Xo. 2) 24

Blue shale and blue clay 3^

Rock salt (No. 3) .,. . 32

Brown limestone, rather lighter in colo'- than the preceding 8

Total depth of well 1170^ feet

WiNGHAM.—(\Vm. M. Gray.)
Depth to the salt 1140 feet

Depth of the salt bed 40

Total depth of well 1180 feet
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Bltth.— (Wm. M. Gray.)

Depth to the salt ^0 ^^et

Depth of the salt bed 80

Total depth of the well 1190 feet

Brussels.—(Roger's well.)

Depth to the salt 1000 feet

Depth of the salt bed 40

Depth into rock below salt 30

1070 feet

Clinton.—(John Ransford.)

To bottom of first bed of salt, which is 18 feet in thickness 1170 feet

To bottom of second bed, which is 25 feet in thickness 1245

Before striking salt 800 to 900 feet of limestone was penetrated.

Seaforth.— (Dr. Coleman.)

100 feet, loose limestone, (hard and soft streaks.)

At 350 " struck water which rose to within 6 feet of the surface.

450 " " (juelph limestone.

8C0 '' " rotten stone, (50 feet thick.)

830 " " 2 feet of very hard stone.

SSO " " bed of clay, (taste salty and pockets of white anhydrous material.)

To 1020 " limestone.

1028 '• salt.

1032 ' porous rock containing salt.

1132 " rock salt, and did not reach bottom.

Total depth bored 1132 feet, now do^ra at 1120 feet.

The log of one of Gray, Young and Sparling's wells at Seaforth gives a depth of 1050

feet to salt and 90 feet into the salt. Total depth of well 1140 feet. About 40 feet of loose

material was found above the bed of salt and 30 feet of mixed salt and shale.

Mitchell.—(Peter McEwan.)
At 1200 or 1400 feet light reddish brown shale rock, and still in that when boring

stopped at 2000 feet. The material was the same as in the Goderich hole, except that the

limestone was 100 feet thinner. There was no salt, but a white clay resembling pipe-clay

where salt should be, and of about the same thickness.

Goderich.— (Peter McEwan.)
In 1S66, bored in river valley, (clay 30 feet), 1000 feet to salt.

In 1868, bored on table land, (clay 120 feet), 1130 feet to salt. In the latter passed

through 30 feet quicksand, 90 feet blue clay, 5 to 10 feet of gravel or hard pan.

Attrill's well.— (Dr. T. Sterry Hunt.)
FT. IN.

Clay, gravel and boulders 78 9

Dulomite with thin limestone layers 278 3

Limestone with coral, chert and beds of dolomite 276

Dolomite with seams of gypsum 243

Variegated marls, with beds of dolomite 121

Rock salt, first bed 30 11

Dolomite, with marls towards the base 32 1

Rock salt, second bed 25 4

Dolomite G 10

Rock salt, third bed 34 1

Marls, with dolomite and anhydrite 80 7

Rock salt, fourth bed
j 5 5

Dolomite and aubydrite 7 q
R'.ck sa't, fifth bed • 13 (j

Marls, soit with anhydrite I35 q
Rock salt, sixth bed 5 q
Marls, soft, with dolomite and anhydrite 132

Total depth of well I517 q
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Farther south the brine is blackish, with more of sulphur, and has to be
settled at 150^, when it is drawn off, boiled and evaporated. The limestone
also gets thinner.

Port Franks.
At this place, about 40 miles south of Goderich, the well is 1345 feet deep.

BOTHWELL.
The salt bed is similar to that at Goderich, but deeper and thicker.

Parkhill.
The same salt bed as at Goderich.

Petrolia.
Similar bed to that at Goderich, but more salt.

Courtright.
Struck salt at 1620 feet

First bed of salt 21

Bed of salt below, but not reached here.

Mineral water vein struck at 836

Casing put in for 876

Depth of pipe 1646

Petrolia.—(Lot 3, con. 11, Enuisklillen.)

Surface claj' 104 feet

Limestone 40

Shale "

130

Middle limestone 15

Lower shale 43

Hard white limestone 68

Soft " "
40

Big limestone or oil bearing rock 25

Grey limestone, with salt water 28

Gfrey limestone, containing more or less water 107

Hard white limestone with strata of sand varying from 2 to 5 ft . . . 500

Gypsum 80

Salt 105

Gypsum SO

Salt 140

Total depth of boring 1505

Comber.—(Lot 7, con. 1, Tilbury.)

Surface blue clay 93 feet

Sand 27

Yery hard rock (with iron pyrites) 53

White limestone (bitter water) 110

Sand rock, (show of oil) 20

Limestone 200

Sand rock 10

Soft limestone, salt water, (cased into this limestone) 76

Hard limestone 23

Freestone 35

Soft limestone 27

Hard limestone 12

Soft limestone 34

Hard limestone 22

Shale, with hard streaks 100

Soft hmestone 12

Hard limestone 125

White limestone, streaks of shale 50

Bluish limestnne 1^

Hard rock, with streaks of shale 55

Very hard rock (with iron pyrites) 25
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Hard limestone 116 feet

Hard limestone 40

Limestone, good cutting 10

Total depth of boring 1285

St. Clair, Mich.
To top of salt 1635 feet

Bed of salt . . 40

Lime rock and salt, alternate layers 70

At 730 to 800 feet brine or mineral water was foiind, but no salt.

Ma KINK CiTT.
To top of salt 1675 feet

Salt and rock in alternate layers . 110

Dr. Timothy Coleman—I was the first to discover salt at Seaforth. We made
silt about Christmas, 1869, and before May, 1870, we had two pans ; a third one that
we put up got burned. At that time the market was better than at present. We
got §1 and 81.20 a barrel ; now it is 50 an I 55 cents, with the price of wood gone ^ostof

;

up. The price of the bairel is about 22 cents, we pay 2h cents for packing, and it

takes about a cent's worth of nails to a barrel, so that we have about 30 cents for
the salt. We have two pans, 24 by 110 feet. The cap)acity of a pan is about 100
barrels a day. About two million sacks oi salt come over annually from England.
I contend that English salt should be excluded ; the demand then would keep us g ,- ^

all going. At present the total amount produced in Ontario is about 40 i,000 American corn-

barrels. We could easily produce the total auiount that is now imported from Petition.

England as well. We are driven out of the market so that the fishermen in the eastern
provinces may have free salt, and we cannot use their coal. I do not think that is

fair ;
we should have free coal. We have better salt than the Americans. Our brine

is the purest in the world, being 98 per cent, and the quantity here is unlimited.
With free trade we could compete with the Americans. The American manufacturers
are getting 60 or 70 cents a barrel. The best remedy at present would be to
keep out the English salt and give us our own market.

William Grey—I have been engaged in manufacturing salt for about seventeen
years in Seaforth. We have three wells, one here (Seaforth), one at Wingham, and
one at Blyth. The one here was bored seventeen years ago, the one at Blvth ten
years ago and the one at Wingham two years ago. From the surface to the bottom
here is about 1,140 feet; there was about 40 feet of loose material. We did not keep |^'*f^P^*. u
A log of the well, or samples of the drillings. Before getting into the salt in all the and Wing-ham.
wells we got into a kind of shale ; there was about 30 feet of shale and salt mixed.
I think it is all the same bed of salt. The main bed is 90 feet through, and there
are supposed to be beds below that again, but we have not gone under that bed here.
At Clinton they are supposed to have gone through to a second deposit. The main
bed seems to be thicker here and at Blyth than anywhere else. At first, seventeen Capacity of Sea-
years ago, we made here at the rate of 25,000 barrels a year ; the greatest activity '^rth welL

was about 1874 and 1875, when we made about 60,000 barrels a year here. Last
year we made 10,000 barrels. The works are now about shut down, but not for the want
of a supply, for there is plenty of brine. We have abandoned our well here on
account of the falling off in quality. I do not know what it is that is coming into
the brine, but it increases the cost of production very much ; we think it is caused
by the size of the cavity, and the distance the water has to travel through other
Tocks. Of late we have made only a little for the retail trade here. The barrel of p + .

salt weighs 280 lb. net. The cost of a barrel is about 20 cents ; we make our own. tion.°
^^^

When the salt industry started here first we paid 32 cents for barrels. If we had
to buy them now they would be worth abo it 25 cents. When filled with salt we
get from 55 to 70 cents

; that has been the price for about three years I think ; it wa8
50 cents for a couple of years before that. We make table salt at Blyth, but not
here. We have only one pan here, 20 by 120 feet. It is capable of making 150 barrels
a day, the quantity depending on the amount of fuel used. We have been using
beach and maple at $3 a cord, and soft wood at 81.25 and 81.50. The brine is very
strong, being full saturation. We commenced at Blvth ten years ago and struck salt
at 1,190 feet ; the formation is about the same as it is here, and we are s ipposed to The Blyth worka
be working in a bed 90 feet thick. We have two pans there, and a mill for table
and dairy salt

;
the pans are 24x130. For griiiding the table salt we use steel rollers.

We make about 15,000 barrels a year of table and daily salt, put up in small bates
which are packed in barrels. The bags cost from 81.30 to 82 the barrel. In bulk
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that salt is sold at 85 cents a barrel. Our total production at Blyth runs up to about
50 000 barrels a year. We went there on account of cheaper wood ; labor is about
the sarue as here. Cheaper fuel was the main object at that time, but now we find

the salt is purer there. At Wingham we sank in May, 188G, and struck salt at about
1,140 or 1,150 feet. We did not drill that well ourselves, and do not know what
the bottom is like. It is two miles from the village and we have to pipe the brine
th it di tance. Tht^ Wingham well is the only one on the line of the Canadian
Pacitic railway, and that gives certain advantages in freight to local i:)oints. At the
thiee places we hive about 40 men emjiloyed directly in connection with the salt

business in-luding those engaged making the barrels. We bought 5,000 cords of

wood at Blyth last year, and 2,000 cords at Wingham. That gives a great deal of
work cutt.ng, teaming etc The salt deposit extends a coajjle of miles east of here.
Tiiere is plenty a mile and a quarter east, but six miles farther east there is no salt,

while everywiiere west where well-borers have chosen to go deep enough they have
fou id it. Brussels is on the outer limit of the deposit towards the uorth. Tlie roof over
tiie salt is falling in at some wells, bu' there is no inconvenience on account of that.

There is nf> movement on the surface at all. The water and the loose stuff act as a
support. In all the wells sufficient water finds ics wav down to give any quantity
> f brine. The great difficulty ihe Canadian salt ti'ade has to contend with is the
imp rt itinn of English salt. It comes over as ballast, and is then brought to Toronto'

at $ 1 a car. The freight from here to Montreal by the Grand Trunk is $36 a car.

There is nn duty o i the Englii^h coarse salt, but thei-e is upnn table salt. We ship
tab'e ind dairy salt to the e.istern provin' es. About two million bags are imported
from England every yfar. Our production is about 350,000 ban els A good deal of
English salt is shipped from Kingston to Chicago as ballast. Competition has reduced
our capital 60 \n'V cent, in value, ani of late years it has not been a profitable busi-

ness. From 1878 to 1S8;^ we had rive yeais of fine business. We had just started
the Blyth works and had cheap fuel for two years, and for the next three we had
the Association and that put the price up high. There is not as much salt used now
as there was five years ago on the laud The reason of that is, I think, because the
farmers cannot afford to buy it on account of the poor price they have been getting
lor their stufl. We sell a couple of carloads a month to the chemical works at
Londou.

F. C. Rogers—I reside at Brussels and my business is that of merchant and
salt deale . The depth of the well, which I sauk seven years ago is about 1 070
feet. The salt was struck at a depth of about 1,000 feet the bed of salt being
about 23 feet thick. There was fresh water all the way down. The works were
started in September, IhSl. We pump about 18,000 barrels of brine per day, j-nd

our product is about 2'),000 barrels a year. We make bijth dairy and common salt.

We sell common sa t at 60 cents a barrel. Dairy salt i^ put up in 3. 5, 7 or 10 tt>

bags, and I suppose it would average $i .50 a barrel. Barrels cost us about 20 cenf&
each Our market is as far east as Quebee ; we sent a car of dairy salt to Quebec
yesterday Our common salt does not go much farther than Brockville or Prescott.

I do not think that any salt comes from the States. There should l)e a heavy dutjr

on English salt ; there is a duty on fine English ?alt, but that does not amourt to

anything. We sell more dairy than any other kind. The coarse salt comes princi-

pally from England. A large quantity of dairv salt also comes from Kngland, put
up in 56 ft sacks mostly. An enormous quantity of English salt comes over as

ballast, but our salt sells in Ontario better than the English. Including the cost of

sinkiu'^f the well the whole plant cost about $10,000. My pan is about 26 by 100
feet, about two feet deep cm the slope and is made ol quarter inch .boiler plate.

We make about 100 oarre s a day, but do not work on Sundays. Sometimes we
have made as much as 120 barrels a day. We cannot run all the time, as we have
to stoj) a", times to make lepairs and particularly to clean off the gyj)sum coating'

which forms on the p'in. A sliort time ago we had to shutdown a week for repairs.
Laborand wages We have about 15 hands employed altogether ; the man who attends the pan gets

$1.25 a day ; the coopers, of whom there are two. g.^t ^^ cents a barrel ; the engine
dri\>r L^ets $1.50 a day aud he also runs the dairy mill. We like the iron grinder
better than t'le granite roller. Our grind c^r will do about eight barrels an hour
and we never work it more than eight hours a day. The amount of salt produced
in ' a'lada is about ^OtOOO barrels a \ ear, and the business is capabfe of being
extended in lefinitely if we have a market Two years ago we sold a large quantity
of salt for manure, but firuiers seom to have lost confidence in it, or it may be
because tliey are hard up this year. I think it is one of the best things that can be
put on the land

; it helps to kill vermin. The i^rice of land salt is about $2.50 a
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ton. We also sell a large quantity for tanning hides and waiting pork. (>ur salt

was tested against the English salt, in London and found to be betttr. I think this xhe salt area.

is about the edge of the salt basin here. A well was bored east of us, but no salt

was got. West of Brussels it gets thicker, and at Blyth it is 90 feet.

John Tolrnie—I am secretary of the Ontario People's Salt Manufacturing Co. Salt weils at

of Kincardine. It is a farmers' institution. Salt was first found in Kincardine ^""-^'" '"®-

about twenty years ag.>, I think. There are three wells belonging to the company.
Salt was struck at a depth of 888 feet, and the first bed is 28 feet thick ; then
there is 32 feet of limestone rock, and below that another salt bed 33 feet R^^}^

*"^

We supplied the machinery and fuel and the boring cost us 31-^5 per foot. The sali beds,

length of our pu-np is 981 feet, but the pressure of the water going dnwn lifts the

brine up a certain distance, so that we have to pump it cmly about 600 feet. We
have one pan 191 by 32 feet, and can make from 300 to 350 barrels a day according

as we tire. When the pan is full there is a foot of brine in front and ab' ut six

inches at the farther end. The front part of the pan, where the heat is intense, is

madn of steel, but the back part is iron. We use slack coal for fuel, half bituminous
and half anthracite. The salt is very pure and we do not require to use anything
to purify it. At some of the works they use chemicals to take out the gypsum Production and

Last year we produced about 2,000 tons put up in barrels and bags. It was all sold uiarket.

in Ontario ; none went to the States. We did not make any more because the price

was so low. About 300 tons was land salt, 400 tons coarse salt and the rest fine

salt. The coarse clean salt is made at the back end of the pan.

John Ransford— I reside at Clinton and am a salt manufacturer. The first boring
for salt was commenced at Goderich about 1866, and at Clinton about the beginning
of the following year. My brother Richard commenced to bore about 1867. We
first went down 1,170 feet from the surface ; that is the bottom of the fijst bed. ,j,, ^ (^,,. ^

Since then we have bored below that, down to 1,245 feet. We went through the wells.

underlying stratum, composed partly of hard limestone, and then into the second
bed of salt. ! he first bed we estiniate to be 15 to 18 feet, and the Lnver bed nbout
25 feet. The rocks here I believe to be abont the same as at Goderich ; between
the surface and the first salt there is 800 or 900 feet ui limestone. Thtre ar^ only
two wells here, and the depth of the other one is about t'.e same as t urs. I do not
think the other well has been worked since the beginning of 1886. The demand
within the last two or three years is falling ofi". I think there is a falling off" in

consumption, and there is also more imported. There is not as much salt sold for ProducUon and

the land as there used to be. Since I started to make again in the month of Apiil consumption.

this year my output has been about 30 carloads a month. For nine or twelve
months before that we had a good deal of trouble with our well, owing to tht^ fall-

ing in of the roof ; we had to take the tube up and had a great deal of troiible in

gftting it down again. As we have been working the well for about twenty
years we think we have a large lake below. The roof had fallen and formed
a heap that obstructed our tube, and knowing the nature of the overlying
rock we conjectured the brine would be more or less impure ; so we
bored dfiwn past this obstructioa on into the second bed, which we knew
by Dr. Hunt's report of Attrill's boring was of exceptional purity ; according to his Borinsrinto the

report it was the purest rock salt known. We went into it about 25 feet and ^^'''^"
^

^'^*^-

stopped there becanse the boring at Goderich showed that to be about the thickness
of the second bed. We were still in salt when we stopped. By having an outer
casing outside our pump and resting on the ledge of solid rock below the obstruc-

tion referred to above, we prevented any of the impurities from getting into the
pump. But just as we got it in working order the casing slipped ofi" the ledge. We
had great difficuby to get it out again— it took us about seven months—so that we
were out of the market from September till March. We get good I rine now i.nd

make good salt. My present output is from 25,i'(0 to 28,000 birrels a year. In
former years I exceeded that. I have two pans, 80 or 90 t6et long by HO'or 4n wide.

We generally keep about three or four inches of brine in the pans. The pans have
to be cleaned about once every two weeks. We do not pump all the "24 hours, as

we have tanks which hold the brine required during the ni.ht. 1 think tliere is

less scaling of the pans si ce we have been pumping from the new bed. In 1866
and 1867 it cost much more to put down a well than at present. Now it can be
done in a quarter of the time and for half the money. We are under the impress-
ion that this bed extends into Michigan as far as Manistee. To the east it has been The salt are*,

tappei at Seaforth, but at Mitch.-ll they could not find it. It has been struck tw >

miles this side of Dublin, and that appears to be the eastern limit of the bed. At
Teeswater they could not find it. I understand that at Wjnghara they bored
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and could not tind it ; then tliey bored two miles west, in a line between
Brussels and Kincardine, and there they found it. Speaking as a protectionist, I say

the salt manufacturer of Canada should be pr-tected ; he should have the Dominion
for his market. Practically, everything we use is protected up to the handle ; the
only thing we can import free of duty is the fire brick. English salt is brought
over as ballast and is admitted free. It is brought to the west for less than half

the rate w^e have to pay on salt going east. I paj' 321.00 a car of eighty barrels from
here to Toronto. The freight on English salt from Montreal to Toronto is §12.

I have not the least desire to see salt taxed that is imported for the use of fisher-

men. But as a matter of fact it is not used for that puri)Ose alone : it comes to

Toronto and enters largely and principallj' into competition with our land salt.

And I have good reason to believe, too, that this English salt is ground in this

country, put into small bags and sold in competition with us as dairy salt. Besides

the coarse salt there is a large quantity of line salt sold under diflerent brands, such

as Higgins, Eureka, Ashton, etc. ; whether that pays duty I do not know, l)ut it

comes in and is sold, and from the amount that is sold I doubt whether it does pay
duty. There is a duty on line salt of 10 cents per lUO lb.

Peter McEwan—I reside at Goderich and my present occupation is that of

salt manufacturer ; 1 am also a driller. This summer 1 drilled four artesian wells

for the town, two of which were eight inches bore. The iirstsalt well was drilled in

1865, and was bonused by the municipality. It was bored to a depth of about 1,(;00

feet. The North American Chemical works here make principally dairy salt. John
Piatt manufactures about 20,000 barrels a year, but of course could make far more.

I make from 2O,U0O to 25,000 barrels, and if 1 had a market I could make twice that.

Joseph Kidd, jr.. makes about 20,000 or 25,0(>0 barrels. Ogilvie and Hutchinson
use their exhaust steam and make about 7,000 or 8,000 barrels a year. Of course

they could produce a great deal more. The well I work was only drilled through

the first bed of 16 feet, and there we get all the salt we want. After reaching

a depth of GOO or 700 feet I think the rock is perfectly dry ; the first 700 feet

supplies all the water. The first wells drilled here were 4^ or 5 inches diameter.

The best way is to put in a bit and drill the full size at once. We use a three-inch

pump. The pressure of water is half a pound to the foot, so that 500 pounds
would be the pressure in a 1,000 foot well. The water goes down through t e

casing outside the pump and comes up through the pump. The 85 inch pump goes

down about 500 feet and we have the worknig bucket there, the water going down
on the outside forcing the brine up to that height. In Marine City and at other

places on the St. Clair river they force the river water down between outer casing

and inner pipe, thus forcing the brine to the surface. They do that as the river

water is much purer. Of late years there have been great improvements in the

system of boring and the c<jst is now about one-half what it was twenty yi ars ago.

There is some salt used on the land in this neighbourhood, but it is very little ; I

cannot tell you the quantity, but not as much as some years ago. Most of the salt

sold by Ogilvie and Hutchinson is for that purpose, i don't sell more than 200 to

300 tons of land salt a year ; Mr. Piatt and Mr. Kidd sell about the same, and the

Chemical works not as much—perhaps 2,000 tons a year in all. More salt is used

in the neighborhood of Whitby and the bay of Quinte, but here the country is

new and the farmers have not very much money.

Joseph Williams—I am a lumberman and am also engaged in the manufacture
of salt at Port Franks. The well was sunk in 1883 and is the only one there. It

is somewhat deeper than the wells at Goderich, though we commenced there on
a level with 'he lake. As far as I recollect the well is about 1,345 feet deep, but I

cannot tell you the thickness of the salt bed. We do not work more than three or

four months a year. We have a saw-mill and work the salt well in the summer months
in connection with the mill. Three or four months output supplies all the salt we
can sell now. If the price would justify it we would run all the time. I suppose
there are between 6,000 and 7,' '00 barrels of salt lying there now, and there is no
better salt. When we pump up the brine it is black, caused I understand by sul-

phuric hydrogen gas. When warmed the foreign matter falls to the bottom, and
then we allow the brine to go int > the front part of the pan. We lose about 25
feet of our pan on that account. We have one pan, 125 by 25 feet. In con-

necti n with the works we employ twelve men and one span of horses. We have a
large boiler that supplies steam for the saw mill and for the small engine that does
the pumping. Our pumping engine is about lr> horse power. Our pump is about 650
feet down from the surface. Four wells could supply the Ontario demand, and we
have not the market of our province on account of English salt.
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James Caiier—The Courtright Salt Co. is an incorporated company with a

subscribed capital of about 86. :-iOO ; J. S. Nesbitt of Sarnia is the president, and I

am secretarj'-treasurer. Salt was first discovered here on the 30th June, 1884, gait well at

and ours is the only -well.' It is 1,620 feet deep to the salt, there is 21 feet of salt Courtright.

and it goes five feet under, making the total depth 1,646 feet. Beyond that it has
not been tested here. On the other side of the river, after passing through a bed
of salt corresponding with ours, they fbund another bed of salt 30 or 40 feet

through, with just six feet of rock between the two beds. At 836 feet we found
mineral water the same as they use across the river for bathing and drinking
purposes. The well is cased to 876 feet with iron casing four inches in diameter

;

inside of that there is a two inch iron pipe running to the bottom of the bed and
this pipe is perforated at the bottom. The river water is forced down between the '^^^ pumping

two pipes, and after becomiijg saturated with salt it is forced up through the inner ^^^ ^^'

pipe. Forcing the water down in this way takes about the same amount of power
as pumping the brine up in the ordinary way. Our engine is about a 12 horse-
power. The advantage of the system is that we can shut off" the water that may
contain impurities and force down water the quality of which w-e know. For the
first week or ten days the brine was not very strong, but since then it has been of

the full strength. We have not had any trouble on account of the caving in of the
rock ; the drillers reported solid hard rock to the top of the salt rock, so we do not
anticipate any trouble of that kind. From 876 feet it is said to be a solid hard rock
right down to the salt. Uur pan is 20 by 50 feet and tlie salt has to travel the length
of the pan three times. We make a hundred barrels a day, but we have made as

high as 128 barrels a day for a week at a time. We made about 28,000 standard
barrels last year. This year we do not expect to make over 25.000 barrels as we „

have been shut down a longer time ; we were shut down four weeks last year and
about eight weeks this year. The demand has been less this year. Last year our
outjjut averaged about 54 cents a barrel. The price would be about the same this

year till the 1st of June, when we advanced it 10 cents a barrel. We are
not in any association, there was a lake shore association, but it is not in existence „
now. The Canada salt association ceased to exist on the 29th of March, 1885. tion.

^ ^^^°"^

Under it each manufacturer was alloted a certain amount and for about two years
the price obtained was 96 or 97 cents at the works. But owing to disagreement as
to the allotment the association fell through at the period stated, after an existence
of about three years. At the time that association was in existence English salt

was being imported as now. The government was asked by some of the manufac-
turers to put a duty on foreign salt, but they refused to alter the duty on
English or American salt used for fisheries, which is free. I think it is fair that
English salt should be admitted free for the use of the fisheries, and for that matter
for the use of the eastern provinces, because the freight on the salt to get it there
would be too high. As the law now stands salt coming from the States is free for
fisheries, while salt coming from England is free for all purposes. I am told by one
of our company that Walker & Co. of Aylmer, in western Ontario, use English salt Foreign competi-
altogether in packing their meat. There is English dairy salt selling in Sarnia now, tion.

and within my knowledge English salt was largely shipjied to Sarnia, Chatham and
Windsor within the last ten years. Mr. Ballantyne of Stratford told me he satisfied

himself that we had as good salt here as the English, and he got manufacturers to
make cheese from each kind of salt. The cheese was tested at a meeting w^ithout canadfan^salt
knowing which was manufactured with the English, or which with the Canadian
salt, and without a single exception they decided the best was made with the
Canadian salt. Since 1885 we have been using petroleum tar as fuel, brought from
Petrolia. Prior to the first of June the tar cost 40 or 45 cents a barrel at Petrolia, Petroleum tar
but since that time they have raised the price to 70 and 75 cents a barrel, which for fuel,

makes it as expensive as coal would be. I may say that at the present time the
question of the duty is a material consideration with us in not using coal. We
work night and day and employ about nine men ; four men manufacturing the salt,

two packing and two or three making barrels. We pay $1.25 a day to the nien
^'^^^"'^ ''"'^ '^*^^^'

manufacturing the salt, 2| cents a barrel for packing and loading it upon the cars
or vessels, and 2^ cents apiece for making barrels. We make just one grade of
ordinary fine salt, and our market is altogether in the province of Ontario.

SILVER.

The Port Arthur district, extending from Thunder cape and Silver islet to

Whitefish lake, is a section of country occui)ied by the black shales, cherts

and dolomites of the Animikie formation. These shales rest uncomformably

II
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^nimikie
lormation-

•The vein

matter.

Course »f the
reins.

Beaver Mine.

in a horizontal position on the Huronian formation, and they are capped in

large areas by a thick overflow of trap. A great number of veins occur in

this district, cutting through the various series of rock's as far as followed, and

generally occurring in a fault which has thrown the beds on one side of the

vein above or below those on the other^side. The line of fault and presence

of a vein may often be noticed by an indentation in the escarpment, visible

for miles away. Sometimes the veins cross intrusive vertical dykes, as at Silver

islet. The capping of trap has prevented the weathering down of the under-

lying shale, so that generally it is only at the escarpment formed where the

over-lying trap occurs that it is possible to see the veins.

The components of the veins in the district south-west of Port Arthur

are chiefly calcspar, quartz (and also as amethysts), fluorspar, heavy spar, and

breccia of the wall rock. They carry iron pyrites, galena, zincbiende (often

rich in silver), with native silver near the surface and silver sulphide or argen-

tite below. The galena is not argentiferous as a rule. Saponite and asbestos

or " mountain leather," and talcose slate also occur with the vein matter in

places. The veins run in different directions, but the majority are east and

west. None appeared to have any decided advantage over the others on

account of the direction of their course, although, of the richest developed thus

far. Silver islet strikes north and south, the Beaver north 40° east, and the

Badger north 20" east. At least seventeen locations, including mines, claim

to carry silver. It may be said of this district, judging by the work that has

been done already in it, that the prospect of a rich and permanent yield of

silver is remarkably good. In fact it would be difficult to conceive .a more

promising silver-carrying region.

Beaver mine is situated on Beaver mountain, in the township of

O'Connor, about 11| miles from the Canadian Pacific railway, and a short

distance from the new Government road. The vein strikes north 40'' east,

and dips from 5*^ to 18'=' from the perpendicular. It cuts through the trap

above, which is 40 or 50 feet in thickness, and below that it cleaves the

Fig. oO.—Shafts, adits and levels of Ijuavcr uiine. Scale—2oO feet to 1 inch.

a. Trap. c. Soil.

black' slates which form the walls on both sides. The slates, which are

generally found lying in a horizontal position, are tilted upward immediately

beside the vein, which contains in places a good deal of brecciated slate matte r
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There probably has therefore been a fault and a vertical movement downward

on both sides, one after the other. The vein averages about 2| feet in width,

varying from a mere crack without any contents to vein matter 3 to 4 feet

wide. The ore deposits in the vein are met with quite unexpectedly. As the

vein has been worked to a considerable depth the sulphide has for the most

part replaced the native silver, which was the chief ore higher up. The silver

generally occurs on the hanging wall. Where occurring with zincblende the

silver is held in leaf form through the blende crystals, but when found with

galena it is intimately mixed. Information about the equipment of the mine,

work done, wages, etc., is fully set forth in the evidence of the superintendent.

Captain Hooper.

Operations on a mining scale had just commenced on the Badger property

but a short time previous to the visit of the Commission. The ground was BaJger mine,

being opened up by shafts and levels, but sloping had not yet commenced. The

vein is pinched in the trap above, but opens out wider in the slates below, and

averages two feet wide. The strike is north 20'^ east, and the dip 70'' south-

east. Most of the ground thus far opened is very rich, silver being present

where the vein cuts the trap as well as where it has the slates for walls. The

selected ore is said to run up to $.3,000 per ton, and, like ores from the other

1 1 " .;
~-^^
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ope'^ing is found on the hanging wall with calcspar. The ore is also found in

fluor and heavy spars, which occur in the vein to a considerable extent. Captain

Trethewey states that in the part of the vein exposed by the open cut one-third

of the vein stuff is mill rock. The evidence of Mr. Tretheway can be referred

to for full particulars about this mine, and that of Captain Nicols for West

Silver Mountain mine.

Fig. 33.—East Silver Mountain mine. Scale—400 feet to 1 inch.

]l] B i>o/row—In reference to silver, its occurrence on lake Superior associated

with native copper can hardly have escaped the notice of those rude miners who

excavated what are known as the Indian diggings. Me>srs. Foster and Whitney, L

.

S <reulo<^ists, in their report submitted to Congress in 1850 say : "None of the early

explorei^ seem to have noticed the existence of metallic silver associated with the

copper although we know that among the numer. .us masses of copper which have

been picked up on the shores of the lake, some have contained a considerable

quantity of silver interspersed through them." Kefernng to Alexander Henry

(already mentioned as engaged in copper mining about 1770) they say : "Henry con-

Karly discoveries hides from the result of his unsucessful experiment in mining, that the copper never
of silver on lake

^^^^y^^ successfully mined except for locd consumption and that the countjy must be
bupenor.

cultivated and peopled before this can take place. He then goes on to remark, ' It

was in the hope of finding silver in sufticient abundance to make the speculation

profitable that the works were commenced.' Bespeaks of the discovery of the

metal in only one place however, Puinte aux Iroquois, where according to his auth-

ority a Mr Norburg, a Russian gentleman acquainted with metals, discovered a blue

stone eight pounds'weight, which was sent to England and found to contain CO per

cent oflilver." Pointe aux Iroquois is about fourteen miles above Sault Ste. Mane,

on tiie United States side. If this be true, the stone in question was probably

found in the drift and had been transported from some point on the north or Cana-

A reported dis- ^[.^^ gide of the lake In 1852 a French Canadian named Secord stated that about
covery in 1824. ^gg^ ^^^ ^^^^ discovered a mass of white metal on the north shore, froni which he

^ «ggsr.rvr.v ,-^^^ cut off a plccc with his axe. He did not

/,,.,"
- - " - . j-jjQ^ what it was at the time, but on

^_ —-—^e showing it to Capt. Bayfield or some of

Kj? the party then employed on the survey

I of lake Superior, was informed that it was

i: silver. Relying on his story an expedi-

tion was fitted out shortly after my arrival

at the Bruce mines. The late Alexander

Fig. 34. Jarvis Island mine. Scale, 550 feet to Cameron of Sault Ste. Marie was in charge.

1 inch. Secord piloted the party to Thunder bay,

but after the lapse of a period of twenty- eight years he could not find the exact

position of the vein, and the party returned to Bruce Mines disgusted. Secord was

regarded as an imposter by some, and by others a^ laboring under a delusion. But

in°the lif'ht of subsequent discoveries in that district it is likely that such suspicions

were unmerited and unjust. Be that as it may, poor Secord hung himself shortly

after th- return of the party. In 1866-67 the discovery of silver-bearing veins by

the iVicKel ar brothers and Mr. George McYicar of Fort William once more attracted

attention to the north shore of lake Superior. The existence of silver in the veins

of native copper had long been known. Now it was found in the form of ore as

well as in the native state, in veins that might properly be called silver veins. The

excitement was greatlv increased by the result of the re-exammation of the Montreal

Mininf^ Go's locaiion at Thunder cape by Mr. Thomas Macfarlane in 1868. In the
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original description of this location by Mr. Sheppard mention is made of a small island
^53^,^^.^ ^^ .^ij.

near the shore on which there was a vein of j^alena and carbonate of copper. He did ^^j. jgjet mine,

notseeuiingly notice that it contained silver as well. One of the men employed by Mr.

Macfarlaiie found, I believe, the same vein, and he was the first to observe the pre-

sence of silver. But the credit of the discovery of silver in sucli form and quantity as

toe .title it to be considered a silver vein is due, I think, to Mr. Macfarlane. The

Thunder Bay silver mine, the Shuniah mine, 3A mine, a mine near McKenzie's liver, unsuccessful sil-

Jarvis Island an I McKeilar's Island mine were, with the exception of Silver Islet, ver mines,

the principal mines worked while I was inspector. All of them, I think, have been

uusuecessful. and as far as I know none of them are now working. Owing to the

limited length of the ore-bearing portion of the vein at Silver islet a few years

sutficed to exriaust the mine, and it has been lor some years abandoned. Of the

more recent discoveries I know nothing, unless it be that large sums have been paid

to dis.overers or promoters. Silver mining companies have been more cautious than

those engaged in copper mining. While I was inspector the companies named were

engaged chiefly in testing the veins, and but a small am- unt was sp nt on the sur-

face until they were in a position to judge. The only exception was the Thunder
Bay Silver Mining Co., who purchased and erected ore-dressing machinery before

the veins had been properly tested, the result being that the money expended was

thrown away. But that the managers were over-sanguine is not surprising in view

of the richness of he ore in some places near the surface. The late Thomas Her-

rick and I estimated the value of the silver contained in one small mass of ore not

exceeding 15 or 20 lb. weight at not not less than ^100, and I do not think this was

by any means the largest or most valuable piece obtained from the same vtin. In

concluding my evidence on this branch I can "nly say of the sib er deposits on the

north shore what I have already said in regard to the copper, that although like

every otUer mining region the unsuccessful enterprises greatly outnumber the suc-

cessful, yet when the extent of this silver- bearing belt, as proved by the great

number of places where the metal has been found is taken into consideration, we
have reason to hope that many veins as rich as that of Silver islet and much more
lasting will be discovered

A. J. Cattanach—I am a barrister, residing in Toronto. I have been interested

in mining properties from 1870 down to the present time and have been connected

with the Silver Islet mine almost from the beginning. I have also been connected

with several other mining properties as director, vice-i)resident, and in other oflices.
^^^ giiver islet

I hive devoted my attention particularly to the Tliunder bay district, and as far property,

west as the Shebandowan district. I have also acted for a large number of capital-

ists who own properties. What is popularly known as the Silver Islet property

consi ted of 107,000 acres of land originally owned by the Montreal Mining Co., and
of lands subsequently acquired by the Silver Islet company. A large number of

locations of 6,400 acres each had been patented to several individuals, and were
^ generally called by their names. A great many of these and other locations were
consolidated and absorbed by the Montreal company about forty j^ears ago. In
1870 the Montreal company bo d the 107,000 acres to Major Sibley, Captain Frue
and the Hon. Edward Learned for 8225,000. The purchase was completed late in

the year, and Captain Frue began work on Silver islet in the same seasai. The
Montreal company was aware that there was silver on the island ; a strong report

was made by Mr. Macfarlane recommending that .^50,000 should be spent upon it.

This report stated that the ore was not only rich, but that there was a large quantity
of it. The Montreal company would not take the risk of spending so much money,
and then the Americans stepped in. In the first year they produced ore enough to

pay the purchase money to the Montreal cmipany and for a large expenditure made
, ^^

on permanent works ; and within three years from the date of their purchase they failures in work,

paid dividends to the amount of $360,000 besides Then they went through some ing the mine,

sterile rock for some time, spent a large amount of money without a return, and had
to put a mortgage on the property of $400,000. After working on for about a year
and a-half to no purpose they came upon rich ore again, which t nabled them to pay
off the mortgage of $400,000, and left them free once more. After having gone
down some distance to no purpose ' it occurred to Captain Frue that there had been
a slide or throw in the rock, and acting on this hypothesis they succeeded in finding
the vein again. Mc-antime a company had been organised, but in the early j)art of

18S4 work stopped at Silver islet and has not been resumed since. The shaft was
sunk down 1,160 feet below the surface of the water, and the company was drifting cause of shutting^

north and south and sinking a winze to the l,2d0 foot level. At that time the down.

Canadian Pacific railway was not built, and the only way of getting sujiplies and
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fuel was by water. The company had ordered its supplies of fuel from the American
side ; but the vessels got frozen in and could not deliver the cargoes, in consequence
of which work was stopped in March for the want of fuel, and the mine of course

tilled with water. 1 understood it would take several weeks to pump it out. The
company had a couple of engines of 240 horse power and hoisting machinery, but

Effect of high the machinery was not powerful enough to go down much further, and it would be

machinerv""""^ useless to commence working again without new hoisting apparatus. Shortly before

operations stopped it had been decided to put in new machinerj\ and I was instructed

to go to Ottawa and try to arrange for getting the duties taken off. The machinery
would cost about !$100,000 and the duties would be about ^30,000. 1 saw the Min-
ister of Customs, who took a great interest in the case. He appeared anxious to do
anything he could to help the company, but he seemed to think nothing could be
done in the way of remitting the duties without legislation. Parliament was not
sitting, and it was an isolated case. He expressed his willingness to carry out any
suggestions he could. It was then suggested by himself, or by me, that if the works
stopped at Silver i^^let and the machinery was sold and exported back to tlie United
States there should be a drawback given to the company ; but that came to no prac-

tical result, because the company would have to pay the §30,000 down, and when
least able to afford it. So the matter dropj^ed and the company could do nothing.

If the company had succeeded in getting the machinery at that time when it had
the money, the work would probably be going on at the present day, as near the 1, 160
foot level in the previous October exceedingly rich ore was struck, varying from
2,000 to 19,000 oz. to the ton. There is a great deal of machinery used in mining that

is not manufactured in Canada. In the case of an English company that was going to

bring some very expensive macliinery to Michipicoten, I tried to make arrange-

ments about the duty, but I could do nothing. I think that the removal of duties

on machinery that is not manufactured in the country would be very beneficial. A
American capittil great many Americans are interested in mining properties, and it is American money
invested.

^j^j^^^- jg diig^y spent here. Silver Islet was nearly all American, the Beaver is

American, the West Silver Mountain is worked by people who have come from "

Coloi-ado ; the East Silver IMountain is English, and the Jarvis Island Co. is English.

The actual amount of silver ore taken
Product of the ^^ ^„^ ^ from Silver Islet during the time the^

company worked was $3,089,157.

When I speak of the Silver Islet

company I mean the original associ-

ation—the first Silver Islet companj^
and the later Consolidated Silver

Islet comi^anj' which bought out the

other two. Stock of the Consoli-

dated Company was paid up stock.

It is very diflicult to sell any mining,

stock that is liable to assessment.

In the case of Silver Islet the stock

was paid up, but the shareholders

made themselves liable by contract

to pay 810 upon each share as they
might be called upon bj^ the direc-

tors. The amount of paid up stock

was S1,000,000, and this liability of

$10 a share made a cash capital of

$400,000, as there Avere 40,000 shares.

Most of the shareholders paid up
their calls, but a minority were un-

able to do so. The consequence was
that the company about the time it

stopped operations found itself in

this position : There was a mortgage on the property of $200,000, and there were

The property ^^ resources to be had from the shareholders, because some had paid up in full

sold at a suit of and some could not j>ay at all. The companj' was discouraged ; it was found it

holders^"*'^'^*^
would cost much to pump out the mine and to get the new machinery, and that it

would be useless to go into a thing of that kind without being well provided with

money. The three promoters had died in the meantime, and there was no person

connected with the company who had sutiicient knowledge, experience and time to

take charge of it. Things went from bad to worse, and the other day a sale took

stock of the com- ~-

pany. l'-

Fitr. 35. Silver Islet mine.—Scale ouOleet to 1 inch.
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place in New York at the suit of the debenture holders. The debts of the company

only amount to about 8120,000, and they have about 115,000 acres of land. The

whole property was sold to the debenture holders for some 85,000, but they have

expressed a willingness to accept their money from the company, and steps are

being taken to reorganise it if possible. When the work stopped, the vein was

perfectly developed and was very promising ; they were occasionally meeting with

buryches of silver. The accompanying sketch shows the work done and present

position of the mine. We hope to go on again, and negotiations are pending, but

what the result will be it is not possible to say yet. The Silver Islet company

has not thoroughly examined the whole of its locations. The Montreal Mining

company had exaininations made of all of its lands and had printed reports,

but it made no particular developements worth speaking of. The policy of the

Silver Islet Co. was to pick out particular spots where good promise of mineral
p^j.^^ oftheSil-

was found, and prove them thoroughly. For instance, at Mamainse, just ver islet Co. in'

opposite the range of the Calumet and Hecla, there is apparently a rich deposit developing looa-

of copper on our side. An English company spent some i'70,000 on an adjoin- '°"*'

ing property and island. The Silver Islet company owns 11,000 acres there, and

has spent a considerable amount of money in developing that property—enough to

show that it is a very good property, so that nothing is necessary but to form a

large comi^any and go on and work it. It also did a great deal of work at Point

Porphyry, a few miles east of Silver islet, and proved it to be a valuable location

;

but nothing further has been done for the want of money. Some examination was
also made of the mainland in the vicinity of Silver islet. There is a streak of

f^uartz running from Burnt island in the direction of Silver islet, and in calm weather

one can see it for 200 or 300 yards under water ; that is supposed to connect with

Silver islet ; it breaks out on Burnt island, andagain on the heights -on the mainland.

S. J. Daujson—A great many silver locations have been taken up and many
are now in operation in the Port Arthur district. I believe very large amounts of

silver have been exported from this district. Fi-om Silver islet I understand

they exported in the few years they were working from ^3,500,000 to 84,500,000.

That mine was abandoned on account of the water getting into it, but I believe Production of

there is plenty of silver in it yet. I understand that with proper machinery the f^^^^^ ^* ^''^'®''

water can be kept under control, and that it is the intention of the owners to

re-open the mine. The percentages of ores vary very largely ; some rich ores go as

high as 810,000 to the ton, and some hardly pay to work. In this district people

have always looked after very rich ores, and ordinary paying ore has hardly met
with any attention at all. I would consider from 8 to 10 ounces to the ton a fairly

paying ore, but they require much more than that here. The reason is perhaps to

be found in the fact that thev have not got the proper appliances to work such ores Necessity of

with economy. Systematic mining was carried en at Silver islet and is now being fining.

carried on at the Beaver mine, and preparations for such work are also being made
at the Silver Mountain mines, both east and west. Where work has been done
systematically it has been very satisfactory, and where mines have been abandoned
and work stopped it has generally been on account of the want of capital.

Peter McKellar—Up to the present time most attention has been paid to silver

mining in the lake Superior region. Silver Islet mine was closed down for the

want of coal ; the vessel that was to bring the coal did not come and so they had to

close down for the winter and the mine filled with w^ater. The shaft is 1,100 feet Silver islet mine,

down ; the vein did not play out, and they are liable to find bonanzas at any time. It

is a regular fissure vein from 6 to 8 feet wide, and the formation is slate. The
bonanzas were generally found where the slate came in contact with diorite. The
vein occupied the line of a fault. There are places where the vein was small, but
it was large at the very bottom. There was a bonanza at the surface and another
at 400 feet ; the latter was richer, but not so extensive as the one on the surface.

Drifting was done from the main shaft. The Duncan mine was worked to a depth
of over 700 feet ; it did not pay upon the whole, but I think it might pay if it was
folk)wed up. They took ' out some very fine silver ; one piece was three or four

inches long by one-sixteenth of an inch thick, from where the vein cut the syenite.

There was also very rich silver in the slate near the surface. I think abmit 830.000 ''''?^ Duncan

was taken out, and the mill worked about a month or two. They shipped the rich

ore of that mine from Port Arthur ; it would go from 81,000 to 81,500 a ton—that
was selected of course. The company must have spent 8200,000 altogether. They
followed the vein the whole depth of the shaft, and it was not lost at any point

;

it was strong to the very last. It is a fissure vein in a fault, with the down-throw
upon the south side ; the upper part of the rock is clay slate and chert. The vein



198

Course of veii]>.

matter is nearly altogether calespar, and it carries sulphate of zinc, galena, iron
pyrites, silver, native and glance. It is 12 feet wide, about vertical, and the course
about east and west. The mine was operafed by an American company. The
reason it closed down was, they got tired spending money without getting any return.
Work was abandoned about 18.">2, having been carried on at intervals since 18(i7. The
depth of the shaft is about 700 fei t, but they tested with a diamond drill lower than
that. I have visited the Braver mine. The formation is black clay slate under a

Beaver mine. thick bed of trap ; the slate .<eems to be pretty thick, perhaps 300 feet, and then it

changes to a silicious slate. The owners started mining in the clay slates under
the bed of trap and found nice silver here and there, but the vein was only about
two or three feet wide ; these bonanzas were not very extensive, but last year I hey
struck a large one abi)ut 1,500 feet from where they entered in the drift. For a

couple of hundred feet the vein was very rich and large—the rich part would go
about $2,000 or 83,000 to the ton. They took out some 8300,000 or $400,000 of ore, and
thi-y are still prosecuting the work. They ship the rich ore and have it smelted

;

Silver Mountain .^^ (|jg mills they have the concentrating or amalgamating process; the common ore
they reduce themselves. At the Silver Mountain nune they have got d"wn about

^ ._^ 400 feet. At the beginning very heavy silver was found there,

but I don't think it has paid for the outlay as j^et. Silver veins

in this country are fissure veins cutting chrjugh horizontal slate.

The Beaver vein runs north and south, and the vein at the

Badger is about the same course. 'J'he Rabbit Mountain vein

is north-east and south-west. The general direction of the sil-

ver veins is east and west ; very few are noith and south except
, Silver islet. The Duncan and Silver Mountain veins are east

and w'est. I do not know of any north and south veins crossing

cast and west ones. There must he 16 or 20 mines working

j

altogether. In the Jarvis island mine they are woiking and
' gett ng some silver occasionally ; the vein is fine looking but

ir- they liavc got very little silver as yet. It is about the same
ji|, forma'ion as Silver islet. There is barj'tes in the vein, but it

fl ! is <jnly being worked for silver. It is hard to count the silver

^ locations that have been taken up in this district, V)ut I think

there must have been more than a hundred. The charac'er of

the ore is native silver and sulphuret of silver ; silver is also

found combined with zinc ore and lead ore—very commonly
witii zinc ore. The zinc ore is very refractory. It would be
easy to separate, only that the silver is very fine when it is

combined in the crystals and cannot be separated by concen-
trating works. The veinstone is generally calcspar, but in a

few n)ines it is quartz. The common ore is a silver sulphide
and native ; it is associated with galena s-jmetimes, but the lead is not usually rich in

silver. Nickel has been fcnmd with silver and lead. Diflferent combinations of silver

with arsenic have als > been found. I did not see any red colored ore at Silver islet.

The composition of that vein is mostly CHlcs]iar and some quai'tz, but thi-re is some
heavy spar. At Jarvis island there is a great deal of heavy spar, there is iron pyrites

in some veins, and there is nickel in 3A mine. In a general way about here silver

occurs as silver glance and native silver in calcspar, in (juartz occasionally, and
occasionally in heavy spar. Fluoispar is ccmimon in the Silver Mountain country.

Silver will sometimes be rich in one; part of a vein, and other parts will be rich in

other metals with but little silver. It is not often that we find silver in heavy spar,

but occasionally we do ; som times we get it plentifully in tiuor-pai-, and sometimes
it is not in it at all. In the Silver Mountain ^nd the Rabbit Mountain mines it is

largely in tluorspar—fluorspar being there the gangue of the silver. In the Thun-
der Bay mine it was in quartz, and there was b'lt very li tie in spar ; so also in the

Silver Harbour vein— it was rich in the quartz as long as the bonanza lasted.

Thomas Hooper—-I have had charge of the Beaver mine as superintendent since

the 17th of March last. The loctiou is 97 T in the township of 0'0<jnnor ; the

area of the min»j locati'm proper is 160 acres, but we control some other locati(ms.

One-half of the capital is owned in Detroit and one-half in Manistee ; n 'ne of it is

Bearermme. Canadian. Ge;ieral A ger a- d F- J. Hecker of Detro t and J. Peters of Manistee
are the owners. Hecker and Alger bought in o i the first of November last, I think.

The mine was first opened ab(jut thre-* years ago, and the total amount of money
expended up to the 1st of August last was 8169,288. That includes labor, supplies,

machinery, construction etc., but does nut include the land ; that is what is actually

Character of the
ores and veins.

Fiif. AH. Tile Duneuu iiiiiie

Scale, 300 feet tc 1 inch.
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t^xpended here upon the mine. We einploy about 80 hands now, and that as been
about the average since I came here—45 under ground and 35 above ground. The
amount of silver taken out up to the present time, according to the bonks, is ;58'3,630 Product of tlie

ounces. That would represent now about 95 cents an ounce, but what they have ^'le.

sold has run about a dollar an ounce. It has been shipped as concentrates bricks aid
smelting ores. The ore varies considerably in value ; some is as higli as §5,000 and
88,000 to the ton, and some hardly runs anj'thing. The average of 454
barrels of concentrates shipped was 847 ounces to the ton, but I cannot
give you a statement of the average of the mill rock that went through
the mill. I think in this section for the amount of money that has been
spent tliere is a better showing than in any district I know of. I consider the results

very satisfactory. The greatest disadvantage to this district is the want of a railway

to get machinery and supj)lie3 in, and to get the products of the country out. If Need of a rail-

there was a railway built I have no doubt it would get as good a revenue this fall "'^y-

from here .'is any point of the Canadian Pacific for sixty or seventy miles, and I think

there would be a steady increase in the business. If the railway were built and the
tariff done awa}' with it would result in immense development, for the mining
devehipment of this country is on'y in its infancy. The mines in this region are the

Beaver, the Badger, the Rabbit, the Carriboo, the Elgin, the Yl, the Peeiless, the

Silver IVIountain east and west, the Porcupine, the Silver Fox, the Crown Point, the Mines in the
Little Pig. the Silver Creek, and the Big Harry. As far as I know 1 .«hould say 75 district,

per cent of the capital is American ; the Beaver, Badger, Rabbit, Carriboo, Yl,
Peerless, Silver Mountain west end, Silver Fox, Crown Point, Silver Creek and
Big Harry are American ; the Elgin, Porcupine, Little Pig and Big Bear are

Canadian ; and Silver Mountain east end is English. In the last four months the
amount of sinking at tlie Beaver mine has been 13S feet, and of drifting and cross-

cutting 471 feet. Drifting costs 84.70 per foot and sinking $13.50 per foot. ^ ^6 (,^3^ ^f gj^j^jj^

shaft is 8 by 14 feet and the drifts 5 by 7 feet, or the width of the vein. We pay and drilling,

miners $2 to S2.25 and lab u-ers per day Sl.oO. The miners work by contract and
board themselves ; ten hours is a d-iy's work. The hoisting engine 60 h. p. under
60 lb pressure, the compressor is 75 h. p., the stamp mill 200 h. p. and the saw- mill

engine 2i) h. p. ; we have pony engines of 8 to 10 h. p. each ; there is a pumping ^chinery.

engine of 25 h. p., a Worthington of 40 h. p. and 2 Blake pumps of 12 h. p.. We
have several oth^jr small pumps on the location, one being at the fire department.
All the rest of the pumps wouLi add about 40 h. p. more, and one in the stamp mill

about fift\' more. The stamp mill is a Gates. The rock g^es through the rock
breaker, which is Gate's patent, then through two batteries of five heads each of

Fraser and Chalmers pitent stamps, each head Aveighing about 850 lb. We have
another battery of ten heads at Murillo ready to be brought and put up when the
work requires it. That will make a capacity in running ore of about 50 tons a day.

The ore goes from the stamp mill to the Frue vanners, of which'there are four ; it then
runs into the mullers which are charged with quicksilver, then to the grinders, and
finally into the creek. The character of the rock in which our vein occurs is slate,

both the hanging and the foot walls ; the slates are tilted on both sides, genera ly up. Character of th«

On the top of the slate there is trap in some places as much as 40 or 50 feet. The
vein is quartz, calc and heavy spar, iron pyrites and silver ; the silver ore is pocketed.
We have also zincblende, silver glance and argentine. There are several cross

veins, one of them where we took out quite a little silver sometime ago Generally,
but not alwaA s, most of the silver is found where they join. The dip of the vein is

from 5° to 18" from the perpendicular to the west. The course of the vein is nearly
north and south, and the average width is about 2| feet. We have not had a great
deal of water, and I don't think they are much troubled with water in this district.

The rocks are of close formation and the water only comes through the vein itself.

We have one diamond drill here, and I th nk it i^ a very fine thing for such work as

finding out which is the master vein in case of meeting with a horse, but I do not
think it is any good to asce-tain whether there is silver in a vein—that is, I do not
think a vein should be condemned by a test made by a diamond drill. We c in run
a diamoiid drill for about 75 cents a foot, and in this slaty formation we can run a
drill about 20 feet in 10 hours. It is very useful in examining iron deposits.

Herbert SJiear—I am superintendent of the Badger Mining Co. and have been
three months in this district. The property consists of parts of locations 200 T and Badger mine.

201 T in Gillies, and have an area of 200 acres. I thnk that the company was organ-
ised in April, 18S7, and a good deal of development work had been done before I xhe company,
came here ; one dr ft was 450 feet and another 500 when I came. The capital stock
of the company is 8250,000 and is altogether held by Americans. The president is
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J. M. Stowell of Milwaukee, the secretary is Walter Reed, the treasurer C.

Reed, both of Milwaukee, and the general manager is 6. W. Robinson of Mobile,
Alabama. The original discoverers sold five-eighths interest to Milwaukee parties-

for §20.000, and Mr. Robinson bought a one-fifth interest for 820,000 ; that is all

the money that has been paid in to the present time. Up to the first of this month,
we have expended 818,900. We have made no shipments of ore yet, but we have
about ten tons of smelting ore ready for shipment. It is very rich, but we have
not had it assayed ; it will run anywaj' 3,000 ounces to the ton—that is the selected-

ore. We have a dump of niill ore that we estimate at 8200 to the ton, but n3
assays have been made. I do not think the mill ore all through will average more
than 85U or 860 to the ton. We have a bodj^ of ore 300 feet long that could be
stoped at the present time. The average wid^ h of the vein is about two feet. I

estimate that there is about 1,300 tons that we can stope at the present time, and
much of it is very rich. We employ 54 men, 32 being underground. The average
wage is about S-J a day for underground miners and about $1.50 to 81-75 for

surface hands. Our company intends to develop as fast as possible. We are now
putting in a hoisting engine, and we have a stamp mill under construction, Our
boilers were made in Peterborough and our engines in Milwaukee. Except engines
and boilers, all machinery must be impoi'ted. Our hoisting engine will be 60 h. p.

and the mill engine 100 h. p. In many instances failure has been due to putting^

up extensive works before the amount of ore mined would justify it. 1 would
advise people before running into expense to wait till there is a sufficient show to

justify it. To ship ore to Port Arthur would cost about 86.60 a ton for freight and
hauling. If we had a railway I think it would cost about 81-60 a ton from the mill

to Port Arthur. We intend to ship this week to Newark, New Jersey, and it will

cost about 812.50 a ton all rail.

Charles Hoplins—1 have been mining in the lake Superior district for about
thirteen years, exclusively at silver mining, and I have been captain of the Badger
for seventeen months. The course of the Badger vein is north-west by south-east.

The rock is slate, but there is about 30 feet of trap on the top. We are down
about 63 feet in the slate. The vein is calcspar, fluorspar and quartz : quartz is-

next the foot and spar next the hanging wall. Sulphuret and native silver occur,

there is some galena, blende, iron pyrites and black blende. The silver is chiefly

in sulphurets ; there is some native silver which is found in the trap mostly, very
little in the slate. The silver is pretty evenly distributed throughout the vein.

There are two adits ; the upper one runs along the course of the vein 530 feet

;

there is 310 feet ready for stoping and it is a verj^ promising exposure. All our
underground mining is done by contract. Firewood does not cost much now

—

about 80 cents a cord and 50 cents for hauling, about 81.30 altogether; but the
cost will increase as the wood has to be hauled a greater distance.

Henry Eothicell—I am connected with the Carribco mine, which is situated on
lot 3, 3rd concession of Paipoonge, to the east of Beaver Mountain mine, the loca-

tion comprising 2,300 acres. There is about 800 feet drifted, and quite a little

cross-cutting. There are two adits, but the work done so far is purely exploratory.

The vein matter is 18 to 28 inches. We have not as yet taken out much ore, but
simply samples, and we have not shipped any at all. 1 discovered three veins on
the location, but as yet two of them have not been touched ; their general direction

is north and south. The gangue of our vein is about the same as the Beaver. I

should call it a fissure vein ; it has the best-defined foot wall in this district.

The country rock is very badly broken, and we often find leaf silver as far as three

feet outside of the vein. Native silver, zincblende and galena are found in the vein,

which is spar mixed with slate, there being a great deal of slate in the vein matter.

The dip of the vein is 20° to 2b" west from the perpendicular. We worked from
last November till the 16th of August with four miners, two surface men and a
cook. The wages were—for miners 82 to 82.25, surface men 81.75, and the
cook 835 a month. There was not a shot put in till we went to work. Two of the
owners, Messrs. Barrington and Wilson, reside in Saginaw, and the other, Hiram
Siley, in New York. So far we have sjDent about 86,000 in developing, but we
have not got any machinery yet. I consider the indications extremely favorable.

We stopped work this week, and cannot go on till there is a railway or some other
way of getting into the countrj' better than at present. I have been exploring here
about twelve months, and I think this is going to be a permanent mineral country.

I agree with Captain Hooper that the return for the investment has been very
satisfactory. It is a misfortune that a great many claims are held by persons of

limited means, who have not the capital to go on and develop the property they hold.

I
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TV. N. Montgomery—Crown Point mine is location 95 R., consisting of 165

acres on the east side of Silver mountain. We began to develop the mine three Crown Point

years ago, and have driven two drifts, one about 128 and the other about 275 feet.
^^^^'

1 think they are both on the same vein, but there is no connection between them
yet. The width of the vein where I struck it first in drifting is eight or ten inches,

and a short distance from that it widened to 3^ feet and then narrowed down to

2 feet again. There have been several variations of the width of the vein. Two
assays of the ore have been made, the result of one being 165 oz. to the ton. I

took some out of the drift without picking which went §16.40 silver and 81.60 gold

to the ton. The vein is in slate ; sometimes the wall is clear and sometimes it ip

mixed. The distance between the drifts is 65 feet, but I think the ore is better in

the lower than in the upper one. The upper drift ia in the slate, above which is

trap. We have both native silver and sulphurets.

T. H. Trethewey—I have been at East Silver Mountain mine since a year ago
last October, and have been connected with mining operations since 1865. I

worked formerly at Cape Mamainse. Our company, known as Silver Mountain East Silver

mining company, was organised a year ago last October and commenced opera-
^o"°**i° mine,

tions right away. Before this company acquired the property a Cleveland company
worked it for some time. I think the stock of the company is 8150,000, but I

cannot tell you who the stockholders are ; it is an English company. The property
comprises locations R 53 and R 54, Lybster, and having an area of 1.158 acres.

We have two levels, one of 700 feet and the other 1,400 feet. The 700 level is

from 110 to 120 feet below the top of the mountain ; the other is 74 feet below
that, and from the bottom of one level to the bottom of the other is 81 feet. We
have two shafts, one 110 feet deep and the other something over 400 feet. That
work has been mainly done since I have been in charge. The Cleveland company
had one drift of 160 feet, and that is included in the 700 feet level. There is Development of
also what we call No. 1 shaft, 80 feet. Our company has spent in labor and machinery the property,

about 886,000 or 890,000, and the Cleveland company spent about 820,000, making
about $100,000 altogether. There has been shipped about four on five tons, which
would average about 81,000 a ton. We have 1,200 to 1,500 tons on hand. Our
mill rock runs from 10 to 18 oz. per ton, 10 oz. being the poorest. Assaj^s of

selected specimens have gone about 84,000 or 85,000 a ton. The width of the vein
varies ; at 400 feet down it is 12 feet wide, and there is some very good ore down
there, but the best so far has been got near the surface. I cannot say how much
ore we have in sight, as we have not yet developed enough ; my idea is to develop
till we have two years' stock of ore on the dump and two years' in sight ; before
that I do not propose to erect a stamp mill. We intend to ship our richest ores.

I think we are going to have some very fine mines in this countrj-. The develop-
ments so far have been very satisfactoiy . There is some gold in our ore, from 81
to S3 and 84 a ton, but it is only very occasionally that we test for gold. I do not
think it would pay to treat our ores for gold. The course of the vein is about east
and west. It does not outcrop through the trap. The mountain here is about 300
feet high. We have made six openings on the plain below, and traced the vein
about 300 feet ; it is there from four to six feet wide. The mill rock from the plain is

about the same in character as from the mountain, and will pay about 814 a ton.
The rock that bears the silver here is the same as that of the Beaver and Rabbit
Mountain mines, and the gangue is also the same. It is chiefly calcspar, flour-

spar, heavy spar and quartz bearing iron pyrites, blende and silver. The silver

occurs as native silver and silver glance. As we get down the best mineral-bearing
rock is on the hanging wall. It is calcspar, flourspar, and hea%-y spar, but chiefly
calcspar. The vein is richest where the width is from three inches to three feet. Our ygln™'^

^"^ " ^

shaft is down about 400 feet, and that is about the junction of the slate with the
cherty limestone on the hanging wall. The depth of the trap is about twenty feet,

and 1 think the depth of the slate is about 300 feet. The vein is generally richer in
the trap, but after reaching the cherty limestone we got a better average, the vein
being more massive and more uniform in width. It is a true fissure vein ; we have
not got any'cross veins as yet ; we get a few little stringers occasionally : the vein
matter at the junction of these Httle stringers is about the same ; it is not particu-
larly rich at the point of contact. We have 45 men working now, 24 of whom are
working underground. We pay muiers from $52 to 865 per month—852 by the day
and about 865 by contract, and to outside men we pay 845. For drifting by contract
we pay from 85 to 814 a foot, the men paying for caps, fuse, powder and candles. Wages and

Our drifts are six by seven feet. In the slate the drifting costs about 85, but where i"'»<=hinery.

the vein is massive we pay about 814. We have not done any stoping yet. The
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boiler and air compressor cost about $2,500 ; the hoisting engine and boilers,

^3,000 ; four drills, $1,000 ; two pumps, ^i-^O ; 3,000 feet of pipe, $1,000.
Counting machinery and tools, all would come to about $10,000. We have two
teams of horses, sleighs and waggons. The hoisting engine is GO-horse power, and
the compressor about "iO-horse power.

ne)Lnj H. NkoU—The property of West Silver Mountain mine is held by my
brother, H. M. Nicols of Denver, and is composed of 55, 56, and 57 R in the
township of Lybster, 240 acres. I came here about the 1st of June as manager. The
shaft is down about 45 feet. I cannot say how much has been expended heie. but we
have not drifted any. The vein is well defined, and as exposeii is 8 feet wide, but
we have only tonched one wall, so it must be another foot anyway. The wall is slate

but the cap of the mountain is trap. We took out about a ton and a half of what I

consider very good ore from the excavation we were mailing for the shaft hduse.

When I came here there had been a cross-cut of about 25 feet, and the shaft had
been sunk about 25 feet. We have assays made of the ore which run all the way
from 50 to 7,000 and 8,000 oz to the ton. I think the lowest assay I got was
27^- oz. There is silver glance, some native silver and a trace of gold ; but there
is no galena. In Colorado we have but very little trap, and the veins are blanket
instead of tis^^ure veins. All the high grade ore there carries more or less galena

;

particularly is that the case at Leadville, where nearly all the silver bands carry
lead, Avhich is useful as a flux in smelting. There is in Colorado one mine that paid
a dividend of $30,000 a month for the last nine months before I left, and the rich-

ness varies very much there as here. We employ about 22 men here, and we are

working another claim of !^0 acres at the west end of Whitefish lake. At this place
we employ 6 men, underground at $2.25 per day and outside laborers $1 75 to $2.

On the other claim we have 12 men, but very little as been done there yet. We had
to commence thei-e in the woods, and have to pack back three and a half miles from
the end of the lake ; that is claim 26 iT ; it is 14 miles from here. The vein looks

Other iocatiou.s. very promising. There are two other claims further west in which thev say they
trace our vein. Most of the capital invested in this district is American I think.

Ambrose Cyrette—I have been in this country since 1862, and during that time
1 have paid a great deal of attention to minerals, and have explored the shore of

lake Superior. I discovered the 3 A mine and got $7,000 for' the property. The
3 A mine. vein was 12 feet wide. There lias not been any work done on it for some years, as

there has been a lawsuit about it. If the matter were arranged and the mine worked,
I think there would be a splendid return. It is 12 miles from here to the mine. I

took up a location at Little Pic river and had a^^says made that showed as mi^ch as

$218 of silver. There are a great many veins there, but no developement work has
been done.

John C. Haskins—I came to Port Arthur in 1872, and am familiar with the
mining carried on in this country. We worked four men in 1872 and till the close

of navigation in 1^73. We found silver and gold and had assays made. The best

ore was $13 to the ton in silver, and $7 in gold, and the deepest pit woidd not be
more than 15 feet. The veins are in green slate and the main one is about 4 feet

wide ; there are three or four others. I am interested in Si'ver Hill and Silver

Falls locations and have spent $6,000, all of which but about $800 was for develop-
ment. I had to stop a little over a year ago on account of the want of capital. The
trap there is about 50 feet deep. Work commenced in the trap and wei t down to

the slate ; we have just come to the slate now, but we had to abandon one shaft at

27 feet down on account of the water. The vein is a remarkably fine one, and is

fully 13 feet wide where we struck it, just where four veins join. I think this is

one of the finest mining regions in the world, and I have been working at mining
since I was twelve years of age.

William Murdoch—A rich vein has been opened by the Silver Islet company
Edward's island at Edwai'd's island, from which arsenical silver was got. Large works have been

erected there, but nothing is being done at present. The whole matter is at a

standstill on account of legal aud tuiancial embarrassments.

WaljMle Roland—laminterestedas agent in apropertyknown as the SilverGlance.
It is on the west boundary of Strange, in the unsurveyed district. We have sunk ;iO

feot in one jdace and 15 feet in t^o other places, and the vein varies in width from
4^ to 6^ feet. The assays go from 50 to 20,000 oz. per ton. It is fully equal to any-
thing we have in this country. An Englsh company is prepared to put uo $20,( 00
at once. There is a loca ion to the south of that about three miles, near Wolverine
lake, owned by the same parties. One pit as been sunk 30 feet, they are both in

Silver on Little

Pic river.
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location.
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the same kind of black slate. There are two veins upon this property, one running Locations in

east and Wrst and one north-east and south-west, the width in both cases being 4 uusurveyed ter-

feet, but opening up in places to eight feet. Assays show from 29 to 2,000 oz to
"*"''>•

the ton. West Silver Glance is the property of W. A. Allan of Ottawa, and consists

of 19 and 20E and 238R. There is a strong lode on the property, assaying 511 oz.

to the ton of black and native silver.

WiUiam Russell—We have a north-west and south-east system of silver veins
to which the Beaver and Silver islet belong, and an east and west system to which
the Silver Mountain mines belong. The Badger is the same as the Beaver, but the
m-ijority are east and west, or a little north of east. The thickness of the veins varies
very much ; one I am interested in is only nine inches in width, yet I think a great
deal of it. It carries sulphuret of silver, native silver, zincblende and galena ; the systems of veins
vein so far is quartz with a little spar. Assays vary very much in the same vein ; I

have had them where the result was almost nothing, and sometimes they would go
as high as ^3,000 or 84,000 to the ton ; but there is not such great difference as that
in the same vein as a rule. We have not got a steady low grade ore in this country.
It occurs in bunches ; we may find ore for over 100 feet that will pay well, and then
we may find a long stretch of the vein that is worth nothing. The galena here is not as
a rule argentiferous, being generally 87^^ l<5ad and 12h sulphur. The galena from Bunchy chara«-

the Silver Islei: vein will not go more than .^3 per ton. In a few cases, as in the
Beaver mine, we find the gden^, apparently rich in silver, but I do not think it is

chemically associated with the silver ; I think the silver occurs in the cleavages.
Zi'icbleude is sometimes rich in silver, as shown at the Porcupine and the Silver
Hill mines (70R).

James Millar—We have come across galena at Silver creek ; the vein runs east
and west and the surroundings are about the same as at the Victoria mine. We

gauiTste^'Marie
own two locations at Thessalon, near the dock ; the vein runs east and west and district,

carries galena ; the gangae is calcspar and one can hardly tell it from Silver islet

spar. The country rock is trap. This galena carries silver. An assay from the
Silver creek vein shows 882 silver and a trace of gold ; other assays show $38,
$39, $48, and as low as 82.50. The vein is from twenty to twenty-four inches
wide, principally slate. We sank two shafts on diflferent veins, one 42 feet and the Silver creek

other 12 feet ; there are five veins on the property close together. The vein matter °^^ '°""

is mainly chloritic slate and the walls granite. I have heard that lead has been
found on the Goulais river, back from the front some 15 miles. The Indians bring
specimens of iron pyrites, galena and copper pyrites, but I cannot say where from
as they will not tell. The location on Thessalon river is on the Indian reserve, but
I cannot tell the number of the lot ; there are 84 acres on the main land, and we district."

have a small island half a mile east of the river. The matrix is altogether spar,

rather soft and of a pink color ; I don't think there is any quartz. The vein is

about 2^ feet wide on the surface, but we have only gone down three feet ; the
assays show s-ilver 87.25 and gold 82.25. James Dobie is interested in this pro-
perty with me and it is our aitention to develop it. On lot 1 in the 5th concession silver in Dmry
of Drury, we found, a silver-lead vein that runs 840 to the ton.

B. E. Bailey—My company has a property on Garden river, west of the Victoria

mine about four miles ; it is silver-lead, and it shows as high as 890 a ton in the Garden river

pure le;id without taking the quartz with it. The vein runs north-west and south- location,

east but is not regular ; the country rock is trap, with some greenstone ; it is of a
difterent character from the Victoria mine. The vein matter is in places 20 feet

wide, where the quartz is stratified with the rock.

E. Norris—From what I have seen and learned I think lead and silver will pay
the t^ault Ste. Marie district. At Batchawana I have seen a great many really good
specimens brought in by a man named Frank Vallequette, who has been exploring An explorers

the district for the last ten or twelve years ; but he has had a claim jumped once specimens,

and will not tell where he got them. Ha showed me one specimtn he got ten miles
back from the lake that was really wonderful.

R. Medley—I have seen some galena in the Sudbury district, but rarely, and
i cannot say whether it exists in paying quantities. I had one sample of t^alena

carrying 24 oz. of silver per ton, and the galena would run 60 per cent. lead. I

have seen quartzose ores wit'i a sprinklmg of galena. One in Lome township has /'^l;'" jk'*^*
'"'

diorite on one side and something between diorite and greenstone on the other ; district.
^^

the vein is from fourteen to twenty inches wide. Another vein in the same town-
ship is in hornblendic schist on both sides. In Denison a vein h.is been
ti-aced a considerable distance which gives 4 dwt. . and is in a micaceous slate.
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W. T. Newman—I found a silver vein on an island in the west end of lake-
In lake Nipiss- Nipissing. The island is very small, about the size and shape of Silver islet ; the-
'"^" vein is four to six feet wide and carries silver sulphuret. There is nothing else-

but granite on the island.

ZINC.

Zincblende occurs in nearly all the silver-carrying veins in the Port

the°Port Arthur
^'^^h^^' district, and, as already pointed out, usually holds silver. It is believed

district. that the silver in this blende is altogether in a mechanical and not a chemical

association with it. There is reported to be at least one large deposit of zinc-

blende which it is believed could be worked profitably, but the Commissioners

were not able to visit the place.

A COLLECTION OF MINERALS.

The Commissioners made it part of their duty to collect typical specimens-

of minerals, with accompanying rocks from the mines, mineral locations and-

works which they visited. As has been before stated lack of time made it

impossible to make this collection as complete as might be desired, but it is

believed that the accompanying wall rocks and country rocks, which were
The peculiarity obtained wherever available, will make the collection as far as it goes of
of the collection.

' ^
peculiar interest and value to mining men and scientists. Should the gov-

ernment entertain with favor the suggestion of a provincial museum, or

collection of minerals, it would be advisable to take into consideration the

importance of associating accompanying minerals, the wall rocks and the

country rocks, with the various ores collected. This would add to the scien-

tific value of the collection a practical utility which would commend itself at

once to the mining man and prospector.
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SECTION III.

INFLUENCE OF COMMERCIAL CONDITIONS UPON THE

MINING INDUSTRY.

The mineral deposits of the province of Ontario are widely spread,

varied in character, and cover almost the entire list of economic minerals

with the exception of coal. The counties of Leeds, Lanark, Renfrew, Fron-

tenac, Addington, Hastings, Peterborough, the districts of Nipissing and vaHet* ^""^the

Algoma East and other portions of eastern and central Ontario contain num- ™i"erai re-
o ^ sources of

«rous deposits of magnetic and hematite iron ores, and the discoveries now Ontario.

made over a wide area of country would seem to warrant thevbelief that as

development proceeds the iron mines of this region will be found to be of

^reat extent and value. It also appears that this region is rich in

phosphates, gold, silver, copper, lead, plumbago, nickel, arsenic, mica Eastern Ontario

and asbestos
;
granite, marble and freestone in great variety and of excellent

quality ; apatite, barytes and lithographic stone ; while even rubies, saphires

and emeralds have been found. In the Sudbury region enormous deposits '

of copper and nickel ore have been discovered, and mines on an extensive

scale are being developed. In the township of Denison, between Sudburv '^^f
Sudbury

. . .
-^ and lake Huron

and lake Huron, rich specimens of gold-bearing quartz have been taken from district,

the Vermilion and other mining locations, and promising deposits of copper

and nickel have also been discovered. On the north shore of lake Huron, from

Killarney to Sault Ste. Marie, and convenient to navigation, are found

iron, copper, lead and immense quarries of marble. Northward of the Sud-

bury district prospectors report a mineral region of great extent and pros-

pective value, but which can only be developed through the construction of

a railway. The entire region north and west of lake Superior abounds '^^^- Northern

in minerals and valuable quarries. Gold, silver, copper, iron, lead, nickel,

plumbago and zinc are found ; agates and amethysts are abundant; while valu- The lake Su-

able building stone of different kinds is spread over a large area. On Black bay
^'^"""^ country,

is an immense quantity of granite of finer grain than the Aberdeen
;

a red sandstone is found in great bodies at Nipigon bay, and a white Building stones

•sandstone at the head of Thunder bay which is of the finest quality.

Brown sandstone of excellent quality is found in abundance, also

soapstone, serpentine and marble of different colors. The Port Arthur silver

district, extending south-west from Port Arthur to the east end of Arrow
lake, promises to be an argentiferous region of great richness. Mines have ^'^^ --Vrthnr

1111. T silver ran<;c
been opened over a breadth of country extending twenty miles from north-

east to south-west, and the range stretches some distance beyond the present

limit of development. West of the silver range the Minnesota iron ran»e,

dt is believed, projects into the territory of Ontario, and it seems certain
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An extensive
iron ransre.

Lake-of-the-
Woods gold
resfion.

that an iron region of large area exists, embracing Hunter's island and

the adjacent region. It is not improbable that this will prove to be one

of the richest and most valuable iron producing districts within the province

of Ontario. On the various islands in the Lake-of-the-Woods, and over an

unknown extent of country around that lake, gold-bearing veins are numerous

and seem to indicate from the result of assays of specimens and from the

information obtained by partial exploration that this will become, when its

mines are developed, one of the productive gold regions of America. But

owing to the impossibility of obtaining titles while the dispute between the

Dominion government and the government of Ontario was pending, none of

the properties have been developed to any extent.

Though prospecting has been carrried on to an extent which apparently

Imperfect know justifies the conclusiou that the mineral resources of Ontario are enormous, it

unexplored must be confessed that the examinations are us yet incomplete

and to a large degree superficial. Our territory is of vast extent.

The proportion of the entire area settled and brought under cultiva-

tion is comparatively small. Great stretches of the country north

of the height of land, where the formations warrant the expectation

that minerals exist in great variety and quantity, have scarcely been touched

by the foot of the white man, and where traversed at all it has been except

in rare instances by the trapper and hunter, who would either be entirely

ignorant of the nature and value of mineral indications or incapable of forming

an intelligent opinion upon them. But enough is known to satisfy the careful

observer that the vast region north of lakes Huron and Superior, once believed

to be an inhospitable and worthless region of rock and muskeg, is possessed of

an amount of mineral wealth likely to make it the most valuable portion of

ou? grea province. That region is also believed to have extensive valleys

(Vcrered with heavy forests of hardwood, and possessing a soil and climate that

^lU permit the growth of abundant and varied crops of grasses, grains, roots

and vegetables. South-west of Port Arthur, in the promising silver range

district, lies a region possessed of great scenic attractions, ridges of trap

rock, wide valleys clothed with a heavy growth of poplar, birch and banksian

Richness of the pine, and having a deep fertile soil ; while beautiful streams and charming

region.
* ^^ ^^ lakes Combine to give the region a just claim to unsurpassed picturesqueness and

beauty. Productive farms and happy homes will in the near future reward

the labors of the hardy settlers who are soon to occupy the wilds of the

Whitefish valley and the regions beyond.

Of the mineral resources of the territory recently in dispute between the

Taiue of the dis- provernments of the Dominion and Ontario, the title to which has been con-
puted territory, o '

firmed to the latter by the Judicial Committee of the Privy Council, enough

is known to warrant the belief that the decision is one of very great

moment to the province. The extension of the great Minnesota iron range

into the territory of Canada is within the limits of the region in

question. The mines of iron are likely to prove excellent in quality and

practically limitless in quantity, and can be easily and cheaply brought to

Port Arthur or other lake Superior ports by railways of easy grades and

moderate length. The whole of the silver-bearing formation together with

Regions of the
Moose valley.
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the gold-bearing district around the Lake-of-the-Woods are also in this region,

and it is far from improbable that the present undeveloped state of the country

will give place in a few years to extensive mining operations, the employ-

ment of thousands of men, and a large annual addition to the world's stock

of useful and precious metals. The disputed territory also has valuable areas

of pine lands, and an extensive region of excellent agricultural land in the

valley of the Eainy river.

MEANS OF DEVELOPMENT.
The government of Ontario has heretofore pursued a liberal and enlight-

ened policy in promoting the construction of railway lines by grants of public Means of de-

money. By means of this aid many lines have been constructed in the newer

sections of the province, some of which penetrate the mineral districts and

furnish an outlet for ores and structural materials that would not otherwise

be accessible. In addition to the ores and materials thus made available, the

mineral deposits and quarries near the waters of the great lakes, con-

veniently situated for shipment, are numerous and abundant. Very few of

the mines that have good facilities for shipment by rail or water are being

worked to anything like their capacity of production. The magnificent

quarries of granite, marble, red, white and brown sandstone, serpentine and
soapstone situated at points along the lines of railways, and on the shores of

Huron and Superior where the largest class of lake vessels can be loaded, are

scarcely touched. Iron minps, from which it is believed millions of tons of

ore might be shipped annually, are accessible or might be easily made so.

Evidently the great want is something else than means of transportation,

and some enquiry will be made later on as to the cause or causes of the

prevailing stagnation.

Just at present there exists a pressing necessity for a short railway line

from Port Arthur to the silver range district south-west of that place. No claims of tfac

doubt is entertained as to the extent or great value of the silver lodes of that ^i*ver^r^^ge'

section. Experienced miners believe that it will prove the richest silver

region in America. The mines now opened are contending with great diffi-

culties, arising from the expense and delay attendant upon teaming supplies

and minerals over a colonisation road never good, and at times nearly

impassable. A short railway line would give a wonderful impetus to the

development of the valuable mines now opened, and would undoubtedly lead

to the opening of many new ones and to the inauguration of a period of

great activity and prosperity. The road should be built to "Whitelish lake,

a distance of about 45 miles, as speedily as possible, and should then be

extended from that point westward into the iron range, so as to eflfect a

junction with the Minnesota iron range road. The Dominion government has
voted a bonus of $3,200 per mile for the portion of the road from Port Arthur to

Gunflint lake, a distance of 85 miles, and the grant for the shorter link bv
the government of Ontario will doubtless ensure the construction of the line

to the vicinity of Whitefish lake. With this section of the road completed the
most pressing want of the mineral district will be met, temporarily at

least, and it is probable that the company can then command the resources

necessary to secure the extension of its line westward.
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That the region of the Whitefish valley is one of great promise

of great promise! cannot be doubted. The testimony of mining experts from Colorado and

other silver producing regions is unanimous upon that point. Actual develop-

ment has gone so far as to remove the question from the region of speculation.

The Beaver mine was opened three years ago. The total amount of money
expended up to August 1, 1888, exclusive of cost of land, was $169,288.

This included an expensive plant, consisting in part of hoisting machinery

and a large stamp mill. The amount of silver taken from the mine up to

August 20, 1888, was 383,630 ounces, valued at $368,285. There was besides

at that date a great amount of ore uncovered and ready to remove. Many
other mines have been so far developed, too, as to render it certain that they

will yield highly satisfactory returns.

The iron district is also likely to prove of immense importance.

deiiosity^
"^°" Indications warrant the belief that the iron deposits in Minnesota are less

extensive than those upon the same range within the province of Ontario.

The Minnesota mines have but recently been made accessible by a railway

line from Two Harbors on lake Superior, yet shipments from these mines

for the last five years show a record strikingly suggestive of a rapidly expand-

ing business. Following are the figures :

1884. 1885. 1886. 1887. 1888.
Long tons 62,124 225,484 304,396 390,467 450,475

With a railway line in operation from Port Arthur westward and

south-westward, iron ore can be laid down at Port Arthur for shipment

practically at the same cost for railway freight as at Two Harbors. It may
not be necessary to push the line beyond the silver district merely for the

purpose of securing mineral development while the American duties on iron

ore continue, but if reciprocity ever becomes an accomplished fact a railway

line from Port Arthur to the iron range could not fail to be the means of

developing an enormous business in the mining, transportation and shipping

of iron ore.

With the exception of this line, and one to secure competitive rates for

the Sudbury district, there does not seem to be an urgent necessity at the

present time for the construction of railways to aid in mineral development.

But with a further and greatly increased development of our mineral

resources extension of old lines and construction of new ones will doubtless

become necessary, and sections now but imperfectly known, such as the

country between the height of land north of lake Nipissing and James bay,

will then be able to present strong claims for aid.

MINING CAPITAL AND MANAGEMENT.
The investigations of the Commission lead to the conclusion that more

than one-half of the capital invested in mining operations in Ontario is

American, and that the amount of Canadian capital invested exceeds the

Canadian,. Eng- amount of English capital. The evidence also leads to the conclusion that the

can caifitat'"*'" American investments are managed as a rule by experienced and trained

mi^fir^'opera-
^aen, who are capable of giving intelligent direction to the operations under

tions. their charge. It is quite evident in most cases that practical education of a

thorough character has been acquired by these American mine captains in

connection with the prosecution of mining enterprises in the United States,
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»nrl many of them have also received the advantages of technical education in

American mining schools. Canadian prospectors and miners are found as a

rule to possess intelligence and energy, but in many cases they have lacked

opportunity to obtain either practical or technical education. It is evident

that a Canadian school of mines would do good service, and the advantages

to be derived from such an institution will be more fully dwelt upon here-

after. Complaints in many instances are made that English companies have

sent out managers who knew little about their business or the requirements

of the country and who consequently spent money with very little advantage

to their employers, and that in consequence of incompetent management

lailure resulted and discredit has been brought upon Canadian mining invest-

ments in the estimation of English capitalists.

VALUE OF MINERAL PRODUCTS.

Reliable statistics as to the value of the annual mineral products of

Canada or of Ontario are not obtainable except for a limited period, and it

would be too much to claim strict accuracy for some of the tables given.

Almost the only reports upon the production and value of minerals in Canada,

aside from the census returns of 1871 and 1881, are the statistical reports of

the mining engineer to the Geological Survey, to whose reports for

1886 and 1887 the Commission is indebted for information regarding

Canadian mineral production. The census returns of 1871 and 1881 give the

quantities of raw minerals produced in Canada for the years 1870 and 1880

respectively, but they fail to furnish information as to values. From these

sources a comparison of the mineral production of Canada for the years 1870,

1880 and 1887 may be made as to quantities, as also a comparison of the

mineral production of Ontario for the same years, those for 1887 being

taken from the Geological Survey report as far as returns are given.

MINERAL PRODUCTION OF CANADA IN THE YEARS 1870, 1880 AND 1887.

Statistics of pro»
duction.

Minerals.

] Gold oz.

Silver "

Copper ore tons,

Iron ore

Pyrites

Manganese

Coal

Plumbago

Gypsum, lump

Phosphate of lime

Mica lb.

Petroleum, crude gallons.

Stone for dressing cubic feet"

Granite tons.

Grained marble cubic feet.

Grained marble tons.

Salt barrels.

1880.

Quantity.

70,015

87,024

8,177

223,057

20,770

2,449

1,307,824

28

183,076

14,747

16,076

15,490,622

8,141,227

40,126

472,074

1887.

Quantity.

66,270

40,800

76,330

38,043

1,245

2,368,891

154,008

23,690

22,083

26,737,655

7,089,984

21,217

242

429,807

Value.

$1,178,637

349,330

342,340

146,197

171,194

43,658

4,758,590

157,277

319,815

29,816

595,868

552,267

142,506

6,224

166,394

14 (m. c.)
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MINEBAL PRODUCTION OF ONTARIO IN THE YEARS 18 70, 1 8 8 A N D 1 8 8 7.

Minerals.

Gold oz.

Silver "

Copper ore tons.

Iron ore "

Pyrites "

Gypsum "

Phosphate of lime "

Mica lb.

Crude petroleum gals.

Salt bbl.

Grained marble cubic feet.

Stone for dressing "

Roofing slate squares.

Arsenic lb.

1870.

199

69,197

1,934

30,726

500

4,230

1,975

12,969,435

1880. 1887.

8,870

2,093,711

152

87,000

170

91,877

1,180

5,000

5,658

200

15,490,622

472,000

5,000

3,698,488

1,536

450

190,495

567

16,598

8,560

4,101

26,737,655

429,807

4,979,502

13,136

Petroleum and
Bait.

Production of

Ontario is the only province of the Dominion which produces petroleum

and salt ; and while we could not perhaps hope to compete with American

manufacturers of illuminating oil, there does not seem to be much doubt of our

ability to hold the home market for machinery oils, as Petrolia refiners are now

finding a market for this class of oils in the United States. The salt fields of

Ontario have an area of about 1,200 square miles, and reports upon the

quality of the salt made by American and Canadian experts show that it is of

exceptional purity. But although a superior article is produced and. the

wells could easily treble their present output, the industry has made no

progress during the present decade owing to want of a sufiicient market,

while the selling price is lower than what is obtained at the wells in the

neighboring state of Michigan.

In 1887 the amount of iron ore used in the production of pig iron was

estimated at 60,434 tons, and is included in the total product for that year of
iron ore an pig fjQ^^^Q

^Qj^g r^g given in the table of products for the Dominion. The Geological

Survey report gives the export of iron ore from Canada for the calendar year

1887 at 13,692 tons, of which 12,224 tons was from Ontario. The trade

returns give the export from Canada for the fiscal year 1887 at 23,387

tons, of which 18,907 tons was from Ontario. Copper, iron and pig iron

are not classed in the census returns as raw mineral products, and these

are not included in the above tables of comparative production. The pro-

duction of pig iron for 1887 is estimated at 24,827 tons. The returns of all

kinds of iron, exclusive of pig, produced in the Dominion in that year give

the amount as 31,527 tons, and of steel as 7,326 tons. The returns, however,

are incomplete, and the amount of iron produced is supposed to be one-third

greater than the figure given. The material used in manufacture was chiefly

scrap iron and scrap steel.

The following table gives the exports of the products of the mine from

Ontario to Great Britain, the United States and other countries since 1869, the

first year when statistics of exports were given seperately for the Province :

Ontario's niiii

eral exports.
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EXPORTS FROM ONTARIO BY COUNTRIES.

Year.

18G9.

1870.

1871.

1872.

1873.

1874.

1875.

1876.

1877.

1878.

1879.

1880.

1881.

1882.

1883.

1884.,

1885.

1886..

1887..

1888..

Great
Britain.

$203,435

465,701

415,782

440,355

782,114

188,064

United
States.

756,867

4,675

79,711

758

20

235

2,000

270

325

Total $3,340,317

$236,068

765,112

1,578,252

2,555,935

3,221,590

947,354

879,017

745,362

267,565

185,874

746,027

316,468

237,869

239,996

208,489

140,849

239,310

168,638

172,284

477,271

$14,329,330

Other
countries.

Total value.

$21

2,556

2,577

$439,503

1,230,813

1,994,034

2,996,290

4,003,704

1,135,418

879,017

745,362

1,024,432

190,549

825,759

317,226

237,869

240,001

208,489

140,869

239,545

173,194

172,554

477,596

$17,672,224

A classification by minerals for the same period of twenty years shows
the quantity and value of exports from the province to be as follows :

EXPORTS FROM ONTARIO IN TWENTY YEARS BY MINERALS.

Product.

. tons.

Gold bearing quartz

Oils—mineral, coal and kerosene

Gypsum

Copper

Copper ore

Iron ore

Pig and scraj:) iron

Silver Ore

Mica

Lead ore

Plumbago

Antimony ore tons
Stone and marble

Sand and gravel
\ t^us

Salt
'_

u

Phosphates < <

Other articles

Total

Quantity. Value.

lb.

tons.

35,409,141

6,719

158

5,824

524,511

180,148

6,506

1

765,670

5,086,980

10,272

$9,943

6,421,347

10,254

553

155,417

1,314,357

2,348,017

5, 894, .564

6,884

100

6,090

3,000

407,309

150,820

484,668

125,411

333,490

$17,672,224
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As shown by the former table, the share of those exports to the United

States in the twenty years was $14,329,330, while Great Britain's share was

$3,340,317, and all other countries only $2,577.

Table I of mineral production of the Dominion appended to ^h^s Section

of the report gives the value for 1886 at $10,529,361 and for 1887 at$15,000,-

000, but the seemingly large increase of $4,470,639 will appear as an actual

increase of only $1,247,936 when the articles which are given m the return

for 1887 but not in 1886 are taken into account, and the quantity and value ot

each struck out in making a comparative statement.*

COMPARISON WITH UNITED STATES PRODUCTS.

If we compare our own volume of mineral production with that of the

'd'^ctrot'crnada United States the result will be the discoveiy that the development of the

Z^r™*" Mineral resources of Canada is in the main m a backward condition as com

pared with the mineral development of that country. The extent of this

disparitv will naturally precede enquiry into its causes, and will possib^

sharpen" the desire to discover a remedy for the existing condition of the

Canadian mineral industry.
^ -. _:ii

In making the comparison of production between the two countries it will

,^r<;n^;.^i.o„. be necessary to strike certain items from the summary of production o Canada

for 1887 as given in Table i, in order to make the list of articles classed as

metallic Ind mineral products correspond with the United States classification.

In that country pig iron is classed as a mineral product; iron ore is not em-

braced in the classification, as in that case the value of the pig iron woiUd

include the duplication of the value of the ore used m its production. For the

same reason iron and steel are not included in the classification, as these articles

are the manufactured product of pig iron. To give their vaue would be o

duplicate the value of the pig iron used in their production, and adding thereto

the cost of converting a raw material into a manufactured article and the

profit of conversion. Coke is an article manufactured from coal, and is not

classed as a mineral product in the United States. Neither are brick and tile

classed as mineral productions. If we strike from our list of minerals for

1887 the following articles and values, our summary of production for that

vear will very closely correspond in classification and character to the sum-

mary of mineral production in the United States for the same year, as given

in the volume of Mineral Resources published by the Geological Survey.

ABTICLES ELIMINATED FBOM THE CANADIAN TABLE.

Mineral or product.

Brick

Coke

Iron

Iron ore used in manufacture of pig iron

Steel

Tile

Value.

$986,089

135,951

1,087,728

114,390

331,199

230,068

Total
$2,886,0*25

-~T^^;^r^—7^;;;;^;;^^ for the year 1888. collected by the Commission, are

•given in Section II of this report, p. 72.



213

This amount of $2,886,025 deducted from the total of $15,000,000,

given in the Geological Survey report for 1887, leaves the actual

production for that year as |12,113,975, based upon the American canadiau

rule of classification. But it is a question whether this amount ought not

to be further reduced by a round million at least, if not by the whole sum of

01,610,499 given in the table as the "estimated value of mineral products

not returned." This estimate, or more properly perhaps, this guess, seems a

loose and somewhat exaggerated calculation. No estimate of a like kind

appears in the United States returns, the only thing in any way correspond-

ing with it being " estimated value of mineral products unspecified, $6,000,-

000." It is permitted to stand as an actual item in Canadian mineral pro-

duction for 1887, but in doing so it is proper to say that the comparison

between the mineral production of the United States and Canada which

follows is more unfavorable to the latter country, in all probability, than the

actual facts would warrant.

For the year 1887 the mineral production of the United States, according

to the report of Mr. Day, chief of the Mining Statistics division of the Geo-

logical Survey, amounted to $542,284,225, or more than forty -fold greater than
J';^ij*^Jt^****»^

the production of Canada. Estimating the population of Canada at one-

twelfth that of the United States, the ratio of production per head was as

$2.40 for Canada to §9 for the United States. With the enormous mineral

resources possessed by the Dominion it cannot be considered a satisfactory

condition of our mining development when the nation to the south of us

shows mineral output nearly four times greater per capita than our own.

An examination of the details of production may be of service for the purpose

of comparison as far as relates to minerals of which we have an abundant

supply, and it is here given.

COMPARATIVE PRODUCTION OF CANADA AND THE UNITED STATES.

Mineral or Product.

Iron ore long tons.

Pig iron "

Copper pounds.

Lead short tons.

Coal, bituminous and anthracite . . long tons.

Coke short tons,

Phosphate long tons.

Building stone dollar?.

Gold "

Silver "

Brick and tile "

Lime busliels.

Cement barrels.

Canadian
United
States

production,
p.^duction

Katio of produc-
tion per capita in

C.

68,151*

22,167*-

3,260,424

102

2,115,080*

40,428

21,152*

552,267

1,178,637

349,330

1,216,757

2,269,087

69,843

11,300,000

6,417,148

184,670,524

160,700

116,049,604

7,857,487

480,558

25,000,000

33,100,000

53,441,300

47,000,000

116,875,000

6,692,744

U. S.
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Exports o{
minerals from
'Ontario.

The United
States our
principal cus-
tomer for pro-
ducts of the
mine.

The following table, giving a summary of the value of minerals exported
by Ontario for the calendar years 1874 to 1886 and by the Dominion for the
years 1874 to 1887, shows that the mineral export trade of the province is

of small proportions, and is relatively small even as compared with the
exports of the Dominion. The largest items are gold and coal, amounting in

1886 to $2,627,024 and in 1887 to |2,616,112, neither of which figure in

the exports from Ontario for those years except for a trifling amount.
VALUE OP MINERAL EXPORTS FROM ONTARIO AND CANADA.

Calendar Year.
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mountains of marble, granite and sandstone, situated directly upon the

navigable waters of lake Huron and lake Superior and within short dis-

tances by rail of lake Ontario, can be laid down in quantities equal to any

possible demand,—in quality superior to any material of like character obtain-

able on American territory within the basin of the great lakes, and at prices

which but for the duties might defy competition at such commercial centres

as Chicago, Milwaukee, Detroit, Cleveland and Buffalo, and that would

secure enormous sales in Boston, New York, Philadelphia and other

eastern cities. Doubtless conjectures as to the increase of Ontario's export

trade in mineral products under the condition of removal of the American

duties are to a certain degree speculative ; but when the question is examined

it will be apparent that the increase could not fail to be very large, and one

more likely to exceed than to fall short of expectations based upon the best

attainable data.

POSSIBILITY OF LARGER PRODUCTION UNDER PRESENT CONDITIONS.

Few if any of the mining industries of Ontario and Canada, with their

allied manufacturing interests, have reached that extent of development

•which seems not only possible but easy of attainment. In other pursuits, The iron

such as farming, fishing, lumbering and manufacturing in various lines, a large '" "stry.

measure of success has been achieved, and therefore it cannot be alleged tliat

failure to utilise the mineral resources of the country is due to a natural lack of

energy or enterprise in our people. Progress has been hindered by a variety

of causes, some of which will be indicated; but there is reason to believe that

in some directions, and under existing conditions, skill and capital ought to

give promising results.

CHARCOAL AND COKE IRON.

What has just been said appears to apply in a special sense to the

iron industry. The Canadian market is a limited one, it is true, and

development upon a large scale if confined to the supply of our own wants

-cannot be expected. With the present duties upon iron, however, and the

additional protection afforded by the bonus upon Canadian pig iron, the pro-

duction of iron and its manufactured products of wrought and malleable

iron and steel ought to be largely increased. Our importation of pig iron for

the fiscal year 1887 amounted to 50,000 tons ; our production for thf calendar

jear was 24,827 tons. We exported none, and our consumption was in

round numbers 75,000 tons. Of this amount 10,000 tons was imported from

the United States, consisting entirely of charcoal and other special grades of

iron. Considerable space will be devoted later on to the question of the

production of charcoal iron. There seems to be no reason why this article Charcoal iron,

cannot be as cheaply produced in Ontario as in the United States, and the

entire amount now imported for domestic consumption ought to be speedily

added to the sum of our iron production. Further than this, charcoal iron,

owing to its greater strength and superior qualities, could in all probability

be supplied after furnaces were in operation at prices that would secure its

use for many purposes where Scotch and English pig iron is now used_

Intelligent iron founders testify that they would use it to a large extent if it

•could be obtained at a price moderately in excess of the price of ordinary

I
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iron. For all strong castings it is thought that it would command the marke^*

at about $2 to $4 per ton more than coke iron at the present range of prices.

As to the production of coke iron, Ontario's distance from coal fields,

places her at some disadvantage, though the transportation of coke to the ore

bed may cost no more than the transportation of the ore to the coal bed ; and

with the protection now enjoyed it can probably be shown that coke iron

may be manufactured in Ontario at present prices with a small profit, if weli

appointed furnaces were erected and the duty upon coke removed. In Nova

Scotia the conditions for producing iron cheaply are so favorable that the

furnaces of that province ought to be able, with the present degree of protec-

tion and encouragement, to undei'sell the iron masters of Scotland and Eng-

land and supply the bulk of the coke iron used in the Dominion, assuming thafc

they can produce iron of satisfactory quality. Adequate capital, furnaces

with the modern improvements, together with energy and intelligent super-

vision in the prosecution of operations and processes would be quite sufficient,

judging from such data and information as are attainable, to produce the

desired results.

Not only is it reasonable to suppose that with the present protection

afforded by duties and bonus, amounting together to fS.SO per net ton, we

should be able to supply almost our entire consumption of charcoal and coke

mfmpUon'of iron P'g ii'on, but there seems to exist no good reason why a considerable part, if

In Canada. not the greater part, of the iron and steel now imported and subject to the

payment of duty should not be manufactured in Canada from pig iron pro-

duced in this country. The taritf upon manufactures of iron and steel is in

the main protective in its character, and should secure the manufacture in

Canada of much of the iron and steel now imported. The equivalent in pig

iron of iron and steel entered for consumption in 1887, without including

cutlery, instruments, tools, machinery and engines, amounted to at least

275,000 short tons. If we could supply ourselves with iron and steel equiva-

lent to 175,000 tons of this amount, and also supply the present consumption

of 75,000 tons of imported and domestic pig iron, it would not be in

excess of a reasonable development of our iron industries under present

conditions. The production of 250,000 short tons of pig iron, equally

divided between charcoal and coke iron, would require at least eight days''

duction repre- labor for each ton of charcoal iron, and six and a half days' labor for each ton

of coke iron, or a total of 1,800,000 days' labor in mining coal, making coke

and charcoal, mining ore, quarrying limestone for flux and smelting the ore.

This amount of labor would not include the transportation and handling of

material, the erection of works, construction of machinery, and many other

items which are contingent upon the manufacture of pig iron. A large

additional amount of 'labor would be employed in converting pig iron into

iron and steel. About 500,000 tons of ore would be used, about 450,000 tons

of coke and charcoal would be required for the smelting of the ore, besides

a large amount of coal for iron and steel manufacture. The value of

250,000 short tons of coke and charcoal iron would be at least $5,000,000 at the

point of production in Canada, coming within the cost of importing an article

equal in quality and value to an extent sufficient to command the market.
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If this stace of development of the iron industries of Canada were reached,
« , • 1 1^ e -u ^ Limits of pro-

Ontario should supply at least three-fifths of the entire product ot charcoal duction in On-

iron and a considerable percentage of the coke iron, and it is not unreasonable

to estimate that at least 200,000 tons of Ontario ore would be used in pro-

ducing iron for the supply of the home demand. That Canada can hope to

reach under present conditions a production of a larger proportion of her cod-

sumption of iron and steel than above indicated is hardly to be expected, and

owing to the disadvantages as coaipared with Nova Scotia under which

Ontario labors regarding a supply of coal and coke, we can scarcely claim for

our own province that we can su})ply more than two-fifths of the entire

quantity of iron likely to be produced in the Dominion.

GOLD, SILVER AND COPPER PRODUCTION.

Under the existing condition of matters the production of these metals
^^^^^^ ^,^^^^

is retarded by duties upon machinery and supplies, and by want of transpor- retard develop-

tation facilities. In Ontario the discovery of rich mines of these metals is of

comparatively recent date. In the case of gold and silver ores, or bullion, no

trade restrictions interfere with their exportation to any country with which

we trade. In the case of copper, smelting works on a large scale are being

established at Sudbury. Great advantage would be secured to the copper

intere-t if the American duty on the ore was removed, as profitable operations

in the export trade could in that case be prosecuted at many mines where

lack of capital prevents the erection of extensive works, or where the extent

of ore supply does not warrant the expenditure.

PRODUCTION OF SALT.

The salt interest complains of the free admission of English salt for other

purposes than those of the fisherman's use. It is shipped at a nominal cost gait and dutiable

for freight, being generally brought by vessels as ballast. The duty upon
indlis^try*^^

fuel is also a great drawback. Coal slack, costing a few cents only per ton at

the mine, pays a duty several times in excess of its first cost. The removal

of this duty, it is claimed, would aflford great relief to the salt-producing

industry of Ontario. Free admission to the United States would secure a wide

market and would, with free coal, put the business upon a paying basis and

render a great increase of salt production certain.

MARBLE AND BUILDING STONE.

Our export of stone and marble unwrought is insignificant in amount, its
. ^ ^ ^'^ o o » ^n abundant

value for the entire Dominion being only $65,601 in 1S87. We can supply supply, but a
^ '' '

_
rr .' circumscribed

our own demand, but although we have an unlimited amount of the finest market.

marble, granite and sandstone in great variety of color and of unusual excellence

as regards strength, powers of resistance to fire and frost, and susceptibility to

high polish, yet under existing circumstances Ave cannot hope to increase our

export trade to any considerable extent. From the magnificent and widely

spread quarries of Ontario the cities of the upper St. Lawrence basin and the

seaboard cities of the middle states could draw their supplies of the finer

qualities of sandstone, granite and variegated marbles with the greatest

economy of cost, but for the American duties. These effectually shut us out

from a demand for our structural materials that could not fail to reach great

proportions if trade between the two countries was entirely untrammelled.



218

SOME THINGS THE DOMINION GOVERNMENT MIGHT DO.

Industries
^^ looking over the ground to discover by wiiat means the mineral interests

hampered by of the countrv could be promoted and mineral developoient increased, it is
CO. Stoms duties. " i r >

readily seen that the Dominion government could atford great aid to

struggling and infant mineral industries, not so much in the great majority of

cases by imposing taxes upon the general public for their benefit, as by
Pij iron- removing taxes that are a serious and in some cases a ruinous burden to them.

To the individual contemplating the investment of money in plant for pro-

ducing pig iron the government would aflPord great encouragement by an offer

to admit coal and coke used in the production of iron and tire brick and
Salt

machinery not obtainable in Canada free of duty. To the manufacturer of

salt the admission of coal slack for fuel free of duty would be a great boon.

To the silver, copper and gold mining companies the admission of the improved

machinery for hoisting works and stamp mills not yet manufactured in Canada,

Silver, copper ^^^ ^^^ admission of coal when required for smelting and fuel for engines
andgroid. driving machinery, would afford material relief and greatly aid in the

development of mining properties and in increasing mineral production.

An important concession to all parties engaged in mining and being

under the necessity of importing machinery and supplies, ami making

Faciiiti f
entries at a Canadian customs house, would be to give prompt and courteous

entering articles consideration and fair treatment in all such cases. Many complaints are made
liable to duty. '' '

as to undue suspicion of under-valuation, and as to vexatious delays from

various other causes. E-igid adherence to the Customs act is said to lead in

some cases to arbitrary valuation of machinery at figures much above its

actual cost. At one important mining centre in the interior of Ontario the

delays in getting machinery passed at the frontier were so great that the

mining company ofiered to pay the salary of a sub-collector if an office were

opened at the point where they were doing business. Unreasonable com-

plaints may be and no doubt often are made, but liberality of spirit and anxiety

to treat with the utmost fairness and courtesy important interests and business

enterprises of great value to the country should ever be a characteristic of

the officials of the Canadian customs.

INTERCONTINENTAL AND I N TE R - P R O V I N C I A L TRADE.

A strong- feeling An honest and in any degree a compbte report upon the mineral
in favor of

mv rkets.

gaialng^f'ree resources of Ontai'io and the best means for developing them must of necessity

Uo'iTeVstates S^^^ ^ considerable degree of prominence to the question of inter-continental

trade. At every point the Commission met with evidences of the great

importance of securing wider markets. Everywhere the witnesses examined

either felt impelled to allude to the importance of this matter of securing

access to other markets, or fully admitted its importance when allusion was

made to the subject. Differences of opinion upon the questions of establishing

mining schools, granting bonuses to promote iron production, changes in the

mining laws, everything else in fact, were in all cases developed ; but upon the

question of the desirability of obtaining free access to the American markets

for our mineral productions there existed absolutely no difference of opinion

30 far as we could judge among men interested in mining enterprises, except

an the case of those interested in petroleum, and in one solitary instance in



:>19

the case of a producer of salt. With the consciousness on the part of the

intelligent men interested in mines whom we met from Ottawa to Rat Portagf%

that with boundless mineral resources and a market the limits of which wert;

exceedingly narrow, we svere cribbed and dwarfed in our attempts to mnke

developments, the cry everywhere was " Give us the American markets
;

break down the barriers that separate us from 60,000,000 customers at our

very door !
" Whether this desire may possess the farmer, the lumberman

and the tisherman or not, it certainly awakens the earnest longings of the mining

population of Ontario.

GEOGRAPHICAL CONDITIONS.
The fact that Canada and the United States ai'e geographically one great

country—wiih a conterminous boundary line from ocean to ocean, naturally The two

drawn to each other by the provisions and requirements of nature, having ^eogfaphicafly

common intere.sts that compel intercourse except in case of actual war, having "'^'^•

populations of the same race and language, each country finding it impossible

to ignore the existence of the other, and each enforcing restrictions upon

trade with the other at the cost of great inconvenience and loss—is a fact

that stands out in as bold relief as does the opposite fact that the two countries

in their political autonomy are separate and distinct. The natural intimacy

of association and connection existing between some portions of the American

Union is not as great as that existing between Ontario and Quebec and the

.eastern, middle and western states, or between the maritime provinces and

the states upon the Atlantic seaboard, or between Manitoba and the north-

west and the states of the upper Mississippi valley, or between British

Columbia and the states of the Pacific slope. A considerable portion of the

boundary which separates the two countries is a grand waterway comprising

great stretches of mighty rivers and four great inland seas. These lakes and Conditions
. 1 . . . , 1-1 1 • favoring-

rivers mvite commercial inter-communication, and serve to link together m commercial

the bonds of common interest the two countries rather than to separate them.

Upon their waters the commercial marine of both countries is actively

employed in transporting the products of each country to the marts of the

other, or in conveying the productions of the fruitful west to the seaboard

states and provinces. For the iraproveraent of this great natural highway

each country has .spent enormous sums, and the vessels of either country may
pass from Duluth or Chicago to the sea without hindrance, but indebted to

the public works constructed by both for the ability to do so. Great as is the

magnitude of the commerce that floats upon this imperial highway of rivers

and seas, it is but the advance wave of the mighty tide that shall come when

the agricultural and mineral resources of the great countries naturally

tributary to these waters are fully developed and the shackles upon trade

between kindred states and provinces are removed.

The energetic zone of North America may be said to lie between the 38th

and the 48th parallels of latitude; In the galaxy of Anglo-Saxon common-

wealths within tliis zone not one occupies a more commanding commercial The energetic

. . ,
,

, . p r iT^ • zone of the
position than does the great province or Ontario. With reference to continent,

commercial interchanges between the east and the west, neither hostile tariffs,

separate nationality, nor commercial belligerency have been found sufficient
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and Ontario's to deprive this province of many of the commercial advantages to which
place in it.

' *
nature has declared it to be the beir. The Ontario peninsula is projected like

a wedge into the territory of the United States, and across it lies the short

cut of travel and traffic between Michigan and the east, between Chicago and
New York, and between the north-western and the eastern states. By the

lines south of lake Sup<'rior and eastward from Sault Ste. Marie through the

territoiy of Ontario, nor(hern Michigan, northern Wisconsin, Minnesota,

Dakota and Montana will find their shortest and cheapest route to the sea-

board. The agricultural portion of Ontario is nearer to the great centres of

population and manufactures in the middle and eastern states than are Michi-

gan and Indiana, or any portion of the vast region to the westward of tho?e

states, while the mineral districts of Ontario, extending along the north shores

of lakes Huron and Superior, command as its servant in reaching the great

centres of production with its ores and minerals the navigation of the great

lakes and tJie entire network of railways and canals radiating from them,

reaching to the seaboard and penetrating the continent in every direction.

Quebec, commanding the St. Lawrence and the natural outlet of the great lakes

to the sea, is great in the commercial possibilities of the future, and but for

the checks placed upon the natural currents of commerce would not have

The St. Lawrence
witnessed the diversion of its flow to other channels and the dwarfed growth

waterway. of the cities that nature designed to number among the leading commercial

centres of the world.

ETHNOLOGIC CONDITIONS.
Canada and the United States are essentially homogeneous in blood. In

A homo en ou
^^^ ^^^^ °^ ^^^^ ^^^^ ^^^^ ^ considerable portion of the Canadian population is

people. of French origin and retains the use of the French language, this assertion at

first sight may seem too broad. The French Canadian population, however,

is loyal to institutions of the English speaking race. It is not alien in the

sense of desiring to subvert the laws or polity of the government. Its dis-

tinctive characteristics are being modified and the commingling of blood with

the Anglo-Saxon is promoted by the growing contact of the two races in

Canada, and by the magnitude of the emigration movement of French Cana-
dians to the United States. Its presence in Canada does not forbid the asser-

tion that the two countries are homogeneous in character, social, physical and

political. The same tireless energy, boldness of design, and courage in

execution are characteristic of both peoples. The same physical vigor, with

perhaps a tendency to more pronounced manifestation in the colder and more
bracing north, is also characteristic of both. The same love of popular insti-

tutions, the same safeguards for securing and maintaining civil and religious

liberty, and substantially the same kind and relative strength of religious

denominations, are characteristic of both. The same language is common to

popuU^tlon^
°^ both

;
their interests are common. The two peoples have largely commingled

with each other through the emigration of Americans to Canada and the much
more extensive movement of the native Canadian population to the United
States—the latter a movement of such magnitude as to seriously deplete

Canada and to promise important results in the near future through the

influence exerted on public sentiment in both countries by contact and fusion
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on a scale of such magnitude. Neither dissimilarity in origin, in language,

in religion, in laws, nor in education or interest interposes the slightest barrier

to the most intimate and extended relations, social and business, between the

two peoples.

ECONOMIC CONDITIONS.

To both Canada and the United States Nature has been a prodigal

mother. In the resources she has given, each is possessed of boundless

wealth. What Canada especially needs is population and capital to develop

this wealth. Her economic condition is one of comparative poverty in the

midst of fabulous stores of undeveloped riches. Without doubt she is in this

respect largely governed by forces beyond her control, and under all the cir-

cumstances of her environment perhaps the results attained ought to be

considered fairly satisfactory ; and, except perhaps in the matter of the exercise

of greater care in the increase of expenditure, taxation and public debt,

very little more could have been done under existing conditions. But exist-

ing conditions require to be changed. The demand is an imperative one. A
careful survey of the field shows that the country is in a false economic Canada in a

position. We are prevented from proving to the world our splendid capa- ^^.ise economic

bilities. It is not for the lack of energy, intelligence or courage that the

Canadian falls short of the most wonderful achievements of any English

speaking people. It is not the fault of our political institutions that our

economic condition is not more favorable ; for our laws are good, and the

structure of our government an admirable one that requires only honest and

prudent administration to demonstrate its excellence. That Canada does not

exhibit as high a ratio of increase in population and wealth for the last two

decades or more as the United States have done, and that our economic con-

dition is as unsatisfactory as it is, may be clearly traced in a large decree to

commercial belligerency between this country and the United States, mutually

discouraging and repelling the convenient, extensive and profitable exchange

of productions natural to our immediate neighborhood and geograpnical

affinity.

An evidence oi the great advantages likely to accrue to us fi-om a relaxa- Experience uu-

tion of restrictions upon our trade with the United States is furnished by our ci1y*treaty!^'°

experience under the reciprocity treaty of 1854-66. Under that treaty the

trade of Canada with the United States increased nearly fouifold. Circum-

stances of an unusunl character combined to lessen the benefits to be naturally

derived by us from the operation of the treaty during the last three years it

was in force. During that time a fluctuating and exaggerated premium on

gold, due to the war and to mad gambling, largely reduced the purchasing

power of American currency in the Canadian market, and no doubt interfered

with the selling of Canadian products iu the American market more seriously

than the duties afterwards imposed did when the wild fluctuations in the

price of gold ceased. When the treaty expired the state of businoss in the

United States wa.^s settling down into its usual channels, the resumption of

specie payment was approaching, and the disadvantages of cu4oms duties

came just as the disadvantages of gold gambling, a depreciated currency and
an unsettled state of business were disappearing ; the result beiig to lessen
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in a degree difficult to estimate, both the advantages derivable from the treaty

and the evil consequences of its abrogation, as they would have appeared

under normal conditions of business affairs in the United States.

That Ontario has not a population to- day of four millions, or that the

Dominion has not a population of eight millions is due to the fact that we are

isolated commercially from the thirty-eight states to the south of us. We
have not received, and under existing circumstances we cannot receive, our

natural share of the energies that are at work in the development of the

Evil effects of a American continent. By the same policy of restriction that forbids free
restrictive j i . j- i i

policy. aevelopment ot trade between the two countries, the United States is also

deprived of a field that would give wide and profitable scope to her energies

and her capital. The two countries have an immense diversity of resources

and productive capabilities in their vast territory, with its many zones, its

wide variety of soil and products, its varied physical structure, its grand sweep
of seaboard—arctic, temperate and tropical, nearly encircling its vast domain

—

its inland seas, its mighty rivers, flowing north, south, east and west, its

prairies, its forests, its mountains, its mines and its fisheries. From all these

may be derived and set in motion a mutual play and operation of industrial

activities which, if allowed with perfect freedom to act and react upon each

other within this great land, will produce results that, if foretold, would
The secret of dazzle the imagination. The great secret of progress and prosperitv in the
proarress in tlie .,-,., .

'^ r & r I .

United States. United States without doubt has been the freedom of intercourse between

the varied zones of that widely extended land, with its all embracing variety

of resources and production. The effect produced by that freedom of inter-

course has ceased at the border, where the cordon of custom-houses interposes-

its hateful presence, paralyzing trade and repressing industrial life to the

great detriment of the more powerful and to the untold loss of the less numer-
ous of the two great peoples.

Practical considerations of the character alluded to have no doubt given
How movements direction to the great stream of emigration that has set towards the shores
r population „ .

re influenced, of America, giving to us very much less than our natural share, and subse-

quently drawing from us a large number, possibly a majority, of those who had
first cast in their lot with us. The same influences have drawn from us a

number of native Canadians so large as to have left the evil effects of the

exodus clearly discernible in every part of the Dominion.

COMMERCIAL AND BUSINESS CONSIDERATIONS.
The effect of commercial hostility and ruthless repression by tarifi" enact-

Effectof a policy ments upon the sweeping tide of multiform commercial transactions that
of commercial 111 • r ^ 1 • • ^
hostility upon would otherwise refresh and vivify every town and township of Anglo-Saxon
the mining . ...

, ./.i. .,.,, ,.,
ndustry. America is in no department of business more painfully apparent than in that

of mineral production and development. In tht^ case of the farmer and lum-

berman the burdens imposed by trade restrictions are very serious, greatly

diminishing the profit of production, preventing expansion of business, pro-

moting the exodus, and in various ways checking the growth ot the country

in population and wealth. But in the case of some of the departments of

mineral production the effect of restriction has been to ))roduce utter stagna-

tion, and in others a state of suspended animation. In this connection the
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present condition of various departments of mineral production may be pro-
perly contrasted with the condition of similar departments in the United
States; and with the natural facilities and advantages possessed by Canada
and particularly by Ontario, for more extended production and development',
this contrast will convey its own lesson.

IRON AND IRON ORE.
The condition of the iron production of Canada, and of Ontario especially

IS a most unsatisfactory one, and the assertion that the removal of trade wonderfuUn
restrictions between Canada and the United States would enormously stimu

^^-^ase of produc-

late and develop this branch of mineral production will, after examination of

""'

the facts bearing upon the question, admit of no reasonable doubt The
great importance to the world at large of the business of iron production and
the most remarkable increase since the close of last century in the amount
of production, will be strikingly shown by the following table :

THE world's production OF PIG IRON.

Years.
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A suggestive
fact.

States 12,650,000. The world's annual production of iron and steel is by

countries,' as shown by the latest available statistics, as follows :

THE WORLD'S PRODUCTION OF IRON A ND STEEL.

Pig iron.

Countries.

Great Britain

United States

Germany and Luxemburg

France

Belgium

Austria and Hungary

Russia

Sweden

Spain

Italy

All other countries, estimated

.

Year.

Total

Per centage of Great Britain .

>'er centage of United States.

1888

1888

1888

1888

1888

1888

1886

1887

1885

1886

1887

Long tons.

7,898,634

6,489,738

4,258,471

1,688,976

826,984

761,606

541,951

456,625

1.59,225

12,291

100,000

23,194,501

34

28

Steel in ingots.

Year.
I

Long tons.

1888

1888

1888

1888

1888

1888

1886

1887

1887

1886

1888

3,405,536

2,899,440

1,785,354

525,646

223,638

355,038

246,000

111,565

24,500

23,760

30,000

9,630,477

33i
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The foregoing table is virtually for the year 1888. The statistics for the

leading iron and steel producing countries are for that year. For Russia,

Sweden, Spain and Italy, with a total production of 1,170,092 tons o pig iron

and 405 825 tons of steel, the returns are for the most recent years for which

statistics are available. A most suggestive fact revealed by this table is that

Great Britain and the United States, having about one-fourteenth of the

population of the globe, have supplied 62 per cent, of the world's product of

pi. iron and 65| per cent, of the world's product of steel. The recent rapid

growth of the iron and steel production of the United States is shown by a

comparison of production in the centennial year 1876 and the year 1888.

UNITED STATES PRODUCTION OF IRON A N D^TEEI^ IJ^2i^6_ANDl 888.

Classes of Iron and Steel.

Pig iron

Bessemer steel ingots

Bessemer steel rails

Open-hearth steel ingots . .

.

Open-hearth steel rails

Crucible steel ingots

Rolled iron, except rails.

.

Cut nails in kegs of 100 lb.

. short tons.

1876. 1888.

2,093,236

525,996

412,461

21,490

None.

39,382

1,042,101 I

4,157,814
I

7,268,507

2,812,500

1,552,631

352,036

5,261

78,713

2,397,402

7,993,591

Bessemer steel.

A striking illustration of the rapid increase in the production of steel in

the United States is the fact that the production of Bessemer steel rails for 1888

was 52 per cent, more than the production of Great Britain in the same year-



In addition to the vast production of iron and stci 1 in the United States,

the wants of the eountrv nnjuired the importation of 1,907.21' short tons in impons^of'iron.

1SS7 and 1,024:, 524: in 1S88, in misceUaneous forms, exclusive of imports of

maohiner\', cuthn-v, firearms and minor manufactures. Of the amount

imported in 1887, 1,436,338 sliort tons came from Great liritain, comprising

more than one-fourth of the total British exports of those artich-s for that year.

The tables presented above show the immense voluun; of the iron pro-

duction of the world, as well as the remarkable advance made in its i)roduction supremacy of
' Kn^'IishsiieaKin2

bv the world at larcje and by the great nation to the south of us in particular, people in iron
^ ' '~^

_ _
proiluctiiin.

They point out tlie development of this great industry among English

speaking peoples, and may be taken as a correct indicator of the commercial

position of this race as com[>ared with the rest of the world. They naturally

precede enquiry as to the extent of iron production in Canada, and as to the

best means for securing more extensive development of our vast iron resources.

POSSIIU. K EXr.\NSION OK THE IRO.N' INDCSTK.V IN" CANADA.
In 1887 the per cajiita con.sumption of finished iron and steel in the

United States exceeded 300 lb., while in Canada the consumption ft^ll short of Per capita con.

\/\r^ 11 - 4 11 -11 1 ,
• • 1 sumption and

200 lb. per capita. As has been previously shown, the output ot iron ore in the production of

United States for 1887 was twelve times greater per capita than the output Unite.i.s ates

of Canada, while the production of pig iron in the United States was over'"'

twenty-one times greater per capita than in Canada. Enquiries have Iteen

made as to whether it is not possible under existing circumstances to largely

increase our iron production, and it is now proper to enquire as to what might

and probably would be the etTect upon our iron interests of tlie removal of all

commercial restrictions between the two countries.

The export of iron ore from Canada for the four fiscal years ending June

30, 1888, has been as follows, by provinces:

EXPORT OF ! li O X ORE FROM CANADA.

Province.s.
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A vast lake
traffic.

Suggestive
comparisons.

thing that stands in the way of the development of a gr^t and profitable-

trade with the United States is the American duty. The magnitude of the

shipments of ore to lake Erie ports from Michigan, Wisconsin and Minnesota

is suggestive as to the possibility of utilising our own great and hitherto

nearly useless deposits. The shipments from lake Superior ports from 1884

to 1888 are shown in long tons by the following figures :

IRON OEE SHIPMENTS FROM LAKE SUPERIOR MINES.

Canada's oppor-
tunities under
free trade with
the United
States.

Districts.

Marquette range . .

.

Menominee range . .

.

Gogebic range

Vermilion range . .

.

Miscellaneous mines

Totals

.

1884.

1,558,633

894,634

1,022

62,124

1,879

2,518,692

1885.

1,430,422

690,435

119,590

225,484

441

2,466,372

1886.

1,627,383 1,860,043

1887.

880,006

756,572

304,396

.3,568,357

1,199,343

1,285,265

394,252

4,738,903

1888.

1,921,525

1,165,039

1,424,762

511,953

5,023,279*

The total shipments of iron ore by rail and lake from the mines of lake

Superior since 1850, when the first shipment was made, amounted at the close

of 1888 to 40,812,360 long tons. This enormous business has of late years

aiven employment to a considerable part of the lake marine. The value of

the output of 1888 at the point of shipment was over $16,000,000, and in its

transportation to lake Erie ports American shipping on the lakes earned at

least $6,000,000. When this immense volume of business is compared with

the trifling export of 13,534 tons from the mines of Ontario in the last fiscal

year, it is natural to enquire why the shipments from lake Superior ports

should be 340 times greater than the entire shipment from our own province.

The shipment of iron ore from the mines of the lake Champlain region to

New York and eastern Pennsylvania furnaces amounted for 1887 to 768,852

lono- tons, or 60 times more than the entire export of ore from Ontario last

year. Is it surprising that the owners of Ontario iron mines should eagerly

desire the removal of restrictions which keep out American capital that

would seek investment in our mines but for commercial belligerency, or should

wish to be able to share upon equal terms in the distribution of the millions

paid out in American iron centres near our borders for the article of which

they have an unlimited supply ?

HOW UNRESTRICTED TRADE WOULD C) PER ATE.

The advantages to be derived by our iron interests from the entire

removal of trade restrictions between the two countries would not be confined

to the increased sale of iron ore to the American furnaces. The free admis-

sion of iron into the American market would in all probability greatly

stimulate the production of coke pig iron in Nova Scotia. In Ontario

extensive forests of excellent hardwood are contiguous to our beds of ore, and

charcoal for the purpose of iron smelting could be cheaply produced in great

quantities. With free trade, charcoal iron could be supplied from Ontario

as cheaply as from Michigan, and with adequate capital and enterprise there

is no good reason under these conditions why a considerable part of the
~~

^The total for 1889 was 7,292,754 tons.
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amount of charcoal iron required by the United States should not be supplied

from this province. The product of charcoal pig iron in the state of Michigan

for the years 1884 to 1887 shows a rapid expansion of the business and a

large annual product at the close of the period, as appears by the following

table :

CHARCOAL IRON P K O O U C E 1) IX MICHIGAN.

Year.
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The production of salt has been previously referred to. Ontario in

1887 produced 428,000 barrels. The production of the United States for

the same year was 7,831,000 barrels, or 50 per cent, greater in proportion

to population than that of Ontario. The production of salt in Michigan has

risen from 561,288 barrels in 1869 to 3,944,309 barrels in 1887, or somewhat

more than one-half the entire product of the United States for the latter

year. Michigan salt was sold in 1887 at an average price of 65 cents per

barrel, which was lower than in any previous year except 1886, when it sold for

an average of 61 cents per barrel. The opening up of the American market to

our salt producers would be a great advantage, not so much from the increased

price that would be received as from a vastly extended market that would

permit a great increase of production. Oar salt field is an extensive one,

embracing an area of about 1,200 square miles in the province of Ontario,

the brine is the strongest and the purest known, and the quality of salt pro-

duced is excellent. The gradual failure of the lumber industry, and the

closing of sawmills in Michigan consequent upon rapid diminution of timber

supply, will soon remove the exceptional advantages on cost of production

hitherto enjoyed by the salt producer in that state, and the free admission

of salt to the American market with free coal for fuel might speedily double

our salt product, and secure conlinued and rapid increase beyond that point.

STRUCTURAL MATERIALS.

The value of building stones of various kinds quarried in the United

States in 1887, amounting to 825,000,000 as against $552,000 for Canada

during the same period, suggests the possibility of a greatly extended trade

in that direction. It would be difficult to determine how large a proportion

of this $25,000,000 of material was used in the cities upon the great lakes,

along the Erie canal and Hudson river, and in New York, Brooklyn and

Philadelphia, but the quantity unquestionably amounts to many millions.

With free trade in structural materials it seems hardly to admit of doubt that

we might secure a large percentage of the trade in building stone with the

cities and towns in the lake region, and also with New York and adjacent

towns. Lake and canal navigation would give to the marbles, granites and

other building stones of Ontario easy access and cheap transportation to all

these points, and great excellence of material would enable our quarrymen

largely to command the market, cost of laying the material down being equal

to "that from other points of supply. The duty alone has prevented the

growth of trade in this direction, and with the removal of the duty rapid

development of the trade would speedily follow.*

At Garden River, near Sault Ste. Marie, the Commission visited the

quarries of the Warmington Stone and Marble Co. Here was found a mountain

*How great the obstacles to trale in marble, griidstones and building stones are will be clearly seen

by th^ quotations here giveii from the United States tariff now in f..rce.

" 438 Grindstones, finished or unfinished, $1.75 per ton.

467 (a) Mirble of all kinds, rou^h or s luaiei, 65 cents per cubic .oot.

467 (6). Ve nel marble, sawed, dressed, or otherwise, including slabs an<l marble paving tiles, *r.i»

per cubic foot. .„ , ,„ , , ,

4(iS Manufactures of marble not specified, 50 per cent, ad valorem.

487'(a) Stones unmanufactured or undressed, free-it.ine, granite, sandstine and all building ana

monumental stone, except mirble, not specially enumerated or provided for, $1 per ton.

487 (b). And upon stone as above, hewn, dressed or polished, 20 per cent, a^i valorem.
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of marble stated by the owners to be 5,000 feet wide, 8,000 feet long, 600

feet high and of unknown depth, while the band upon which these quarries ^^^^^^''^^^1^

are situated is supposed to extend inland for about thirty miles. The superin-

tendent of the quarries said :
" If the duties were removed we would put up

a large marble mill and give employment to some 300 men ; but that would

not pay as long as the duty is imposed." For the reason assigned by this

gentleman, and for other reasons arising out of the operation of the United

States tariff, the export of building stone from Canada only amounted to

$65,601 in 1887, of which §20,947 was from Ontario, and a trade which

might be made to reach millions of dollars annually can hardly be said to be

in its infancy.

The product of brick and tile in the United States for 1887 amounted to

147,000,000, of lime to $23,375,000, and of cement to $5,186,000. TheBriek.tik

export of these materials from Canada is not given separately. In common

with some other products they all come under the general head of " other

articles," of which the export from Ontario for 1887 amounted to $21,217 ;

showing that the export of these materials, for the production of all of which

we have superior advantages, was of the most paltry character in quantity

and value. Heretofore all the pressed brick used in this province has been

imported from the United States at prices ranging from $25 to $30 per

thousand, and until recently it was believed that we had no material in

Ontario suitable for its production. But the discovery of beds in the vicinity

of Milton and Campbellville, at the foot of the Niagara escarpment, proves

that we have an abundant supply of a clay from which brick of an excellent

quality is manufactured ; and it is now known that extensive deposits of the

same kind of clay exist at various points along the base of the escarpment

northward through the counties of Halton, Peel, Dufferin, and probably

Siracoe and Grey. The manufacture of pressed brick ought soon to become a

valuable industry in those districts, which are well served by the Grand

Trunk and Canadian Pacific railways, if free access were gained to the United

States markets.

SCOPE AND RESULTS OF I N TE R-C O N TIN ENT A L F REE TRADE.

The favorable results that would follow the adoption of unrestricted „' Repressing
trade between the United States and Canada as regards the development of effect of duties

. . .
on iiiternationa

the mineral resources of Ontario can scarcely be estimated, and would beyond trade,

doubt far exceed popular anticipation. It is easily understood that with the

removal of duties would come greatly enlarged transactions in the export of

ores of iron, copper, etc., of structural materials and various other articles.

It is not so easily understood that the trade repi-essing effects of duties are not

correctly measured by the mere burden that the amount of duty exacted im-

poses. Every shipment requires a consular certificate. In every entry made
at a custom house in either country the shipper must run the risk of trouble

about valuation, and the shipment is liable to seizure. He is at the mercy of

officials who need care little for public opinion ; who, owing to the delay,

expense and uncertainty of litigation, are practically superior to the law, and
can exercise their own opinion and will, subject to the approval of the head

of a department, in a practically irresponsible manner. This feature of the

I
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case deters men from engaging in business who might not be kept back by the

mere duties levied, and leaves the few who do engage in business practically

without competition.

The vast increase in mineral production in the United States has been

pointed out. A state of great activity is the characteristic of the development

of mineral resources in that country. In Alabama, Georgia, Tennessee, West

Virginia, Virginia, Kentucky, Arkansas and other states, scores of millions

have been recently invested, cities are springing into existence, railway lines

are being constructed furnaces erected and great strides in development

made. Why should Canada lag behind in this career of development? Why
should the great tide of enterprise and business activity sweep by and leave us

untouched 1 The tariff wall serves like a wing-dam to direct the current

from us. Remove the dam and the current will reach us in full force. To the

wealth and the restless activity of the United States we must look to a large

degree for the capital and the skill to develop our resources of gold and silver,

nickel, copper and iron. Now we are looked upon somewhat as Siberia is ; a

land possessed of minerals, perhaps, but foreign and far away. More than

one-half of our mining capital is now American, but it represents only a small

fraction of the amount that would speedily seek investment in Ontario if the

two countries were commercially one. The influence this change would exert

would probably be felt in a more marked degree in the development of the

silver and gold mines of north-western Ontario than even in the more seriously

tariff-burdened industries of iron, copper, salt and structural material

production.

Examination into the character and extent of the mineral resources of

Ontario shows evexi now, when we are only at the threshold of discovery, that

they are practically without limit in extent and value. As to the best means

of development, we must pick up the courage to make that considerable degree

of progress which present conditions will permit, and we must work and hope

for the coming of the day when the war of tariffs shall be a thing of the past

and we shall be able truthfully to say

—

No pent up Utica contracts oui powers,
But the whole boundless continent is ours.

EVIDENCE AND STATISTICS.

Appended are given: (1) Extracts of evidence bearing upon the question

of the probable influence upon mineral development in Ontario of free com-

mercial relations between Canada and the United States, (2) Extracts of

evidence relating to the public advantages likely to be derived from the

construction of a railway line from Port Arthur to the promising silver mines

in the Whitefish valley. (3) Tables showing the imports by quantities and

values from Great Britain, the United States and all other countries into

Canada of articles of manufacture of iron and steel for the seven fiscal years

1881-7.
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I N F L U E N B O !• F R E E T R A D E W I T H T H E U N I T E D STATES UPON THE
MINING INDUSTRIES Ol ONTARIO.

Thomas Froud—The commercial barriers between Canada and the United States The commercial

have tended largely to prevent the development of the mining industry by hinder- adevefopment of

ing the emploj'ment of American capital in mining operations, and also by depriving the mininiu' in-

us of the American market. If we had free access to the markets of the United fiust^y-

States T have no doubt there would be a great increase in the amount of work at

the mines in Canada, and a great impetus would be given to the mining industry

generally. Most of the capital invested in mining in this district, including

Sudbury, is American. Some ore has been shipped to England i'rom Sudbury, and
some also to the States. Entering the States there is a duty of $2 a ton on the

ore, while there is a very heavy duty on machinery coming into Canada. This is

very hard on those engaged in mining, and gives rise to a great deal of complaint.

W. R. Pbrmmer—In the Algoma district two or three new companies have
been organised, and they are principally Americans. More American than English American and

capital is being invested at the present time in this section. I do not think that so En.?lish capital.

far any company has given the district a fair trial. The interests of English com-
panies are not as carefully looked after as is the case with the American companies.

Somehow they fail to get the proper men, and they go into heavy expenditures
from the commencement ; this has had the effect of discouraging the investment of

English capital in the district. I don't think the failure of the English companies The Eng-lish

should cause any discouragement, however. Their want of success has been due companies

altogether to their injudicious expenditure of money, and I have no doubt
that their properties may yet be worked to pay.

P. C. Campbell—The removal of the duties by the American government
would tend very much to the development of the mining industry here. Free trade Algoma needs

would be the best thing for our mineral development ; unrestricted reciprocity is ^""^^ trade

the one thing needed by the district of Algoma. Much more American than
English capital is being invested in our mining properties ; there is no use trying

to sell to English and Canadian capitalists ; the only practical men to invest and
operate are the Americans. Unrestricted reciprocity with the States would bring
in any amount of capital from the American side, and the development of the

country would then have the effect of inducing English capital ; but the trouble is

that the English will send some fellow here that knows nothing about the business.

Any development tli^t has been done in this section, with the exception of the American and

Bruce mines, has been done by American capital. The English companies seem to rnent*
nianasre-

send men out hei'e as managers who don't know anything about their business, or

the requirements adapted to this country, and consequently a great deal of money
is spent to very little advantage. The Americans, on the other hand, send thor-

oughly practical men, who understand their business and think of something else

than putting on airs. The English works that have failed have generally been un-
successful on account of incompetent management.

j^. McCharles —The removal of the duty on iron ore would have, I think, the
effect of inducing Americans to invest in iron lands on this side. If machinerj- Effect of duty on

were allowed to come in free it would help mining in this section. Anything that iron ore, miningr

would tend to cheapen the expense of developing property would have that effect. ™*^ '"^"^-^ ^"

Our iron is as good as any the Americans have, and our salt is a great deal better.

In Michigan the production of salt has increased immensely within the last few
years, while here it has remained stationary. That is owing to the duty, and were
it removed the increase in the production of salt in this country would be immense.

John S. Skewes^Ii the duty were removed and lead ore allowed free into the United States

States, I think it would be fully as good a market as England. If that market '"arket for lead

were opened to us we could resume work at once and carry it on successfully ; we
could ship the are direct to Chicago. We are only nine miles from a shipping
point, and the winter roads are good.

R. E. Bailey —Of course the removal of the duty would be to a certain extent Removal of the
beneficial. Freer trade between the two countries would no doubt help the devel- «iuty would be

opment of the mining properties here ; it would encourage people to come here. ^°^ "*

'

James Stohie—For iron and copper I would expect to find a market in the iron and copper.
States. I think the smelting could be done here, as the importing of the coal

M M

w

ould be cheaper than the exporting of the ore. There is no doubt that the
B^B^Jnerican duties greatly interfere with the development of iron and copper mining.
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Dr. Edward Peters—Were the duty taken off it would of course be a gain to-

that extent, unless the price fell aud thus offset that advantage-

Francis ^p'-rry—It would be a very 8:reat advantage to have free entrance for

our ores to the markets of the United Status.

Francis Andreses— The machinery we use at the Sudbury mines is im-
ported from the States, the duty being 35 per cent. It would as-ist mining very
much if machinery were placed on the free list. We have imported about $15,000
worth of machinery and will soon have to import a great deal more— $2U,U00 or
$30,000 more.

Copper.

silver and
galena.

Machinery for

silver mining.

B. E. Gharlto'ii—If the American duty were removed off copper it would be a
great help. If it were removed small mines could be worktd.

S. J. Dawson—Some of the machinery requisite for iiiining can be obtained in

Canada ; other parts cannot and have to be impurted. I think it would be wise to
Machinery, iron, admit such machinery as is not manufactured in the country at a nominal duty.
""' "

For iron the market is in the States. Silver so far has been sent to the Statea,

but on silver there is no duty ; it enters free. On galena there is a very heavy
duty. In the case of galena containing silver being shipped, if the silver were the
more valuable it Avould go in free, but in some cases the examination of the ore to
ascertain the quality might embarrass the exporter. If soft coal were allowed in

free the ore could be smelted here. Coal costs in Cleveland from $1.75 to $2.50 a
ton ; the freight to Port Arthur is 70 cents and the duty is 00 cents. You can well
understand, therefore, that the removal of the duty would make a great difference.

The mineral resources of this district are now attracting more attention than ever
before, ami more men of capital and experience are coming into the country. Most
of the capital that is coming in is from the Uniteil States. Development without
foreiirn c ipital would be very much slower ; the bulk of the capital is American,
but there is some English.

Thomas Hooper—The tariff works against us very much. The manufac-
turers of Canada are not at all up to the times in the manufacture of mining
machinery, or in anything else that belongs to mining. In oidr^r to get the best we
have to go to the other side of the line, and if we do not get the best it is better to
not get any at all ; the most modern and most improved machinery is what we
want, and Ave must get it no matter what the duty is. The duty is 30 per cent.

Candles are quite an item with us in mining. We must have can lies made without
grease ; they are n< t to be had in Canada and we have to import them, the duty
being 5 cents per pound and 30 per cent. The cand es that we use are made of

mutton tallow, parafline wax and resin. Anything that we export does not pay
duty^ but anything we import to improve the ccunry pays an exoibitant duty. I

have seen good iron ore here, but it could not be shijiped at all on account of the
duty ; the removal of the duty would be necessary to render it possible to mine
iron ore in Canada.

T. H. Tretheivey—-Our machinery at East Silver Mountain mine, with
the exception of our drills, has been got mostly in Canada. Our pumps were
ntanufactured in Toronto by Williams. I do not think if we were erecting our
stamp mill that we could get the machinery in Canada ; we would have to import
at any rate most of it. Tlie removal therefor of the duty on machinery would be a
great assistance to miners. What machinery we have purchased in Canada has been
very good.

Henr-i/ H. Nichols—If we build works it will be necessary for us to im-
port a great part of our machinery, and I think the government should allow that
which cannot be had in Canada to come in free.

Peter McKellar—If the American duty were taken off iron we would have a
market at once in the United States. It is not certain that we can do anything
with our iron till the duty is taken off. It mig' t be smelted here with the protec-

tion of the present duty, but in that case micliinery would have to be imported,
and it would help us to have the duty taken off that machinery. It has mostly been
American capital that has been invested in mining here.

James Conmee.—By far the greater amount of capital in the mines and quar-

ries here is Amei-ican. The iron locations on our side are not being developed because
Capital, markets of the Amei'ican tariff and the want of a railway. The railway would be a cheap

^""^imun^cation
^^^'^ ^^ build, and with that railway built and the duty taken off the ore, there would

necessary. be a great ifuture before the country. We have got neither the capital nor the
i

markets ; we require both, and we would get both if the duties were once removed.

Iron I

Mining
machinery.

Iron ore and
smelting plant.
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Some of the machinery that is used in mining can be got in Canada, but a great

part has to be imported from tlie States and a heavy duty has to be paid.

Willlain iH(U-(yao/i— Nearly two-thirds of the land taken up in the Hunter's

island district has been taken bv Americans, and nnicli the greater part of the iron ores in the

capital is American. A railway is badly wanted ;
but iron will not be worth any- "jg^^^^^*"'^

'^'*"'*

thing to this country till the duty is removed. The Americans are purcbasing

under the impression that a railway will be built, and hoping that the duty will be

taken off.

D. F. Burhe—It seems to me the mineral whose development would do the

country the most; good is iron. If we had reciprocity we could put out at least

^,O0iC0()O worrh of ore a year, and that amount of money would come annually Free trade

into this .listrict. There seems to be no doubt, judging from the n ports of experi-
•r°"'n,^"i°ga^

enced men, tliat iron exists all over the distriit of Algoma in very large quantities, sandstone

A railr.)ad would do much to open up the country, but there would still be the quarrying,

duty of 75 cents a ton to tight. Th^ Attikokan location would have been pur-

chased by Americans if they had not thought there would be trouble between the-

two g<iver-mients, and that their capital would be unsafe on that account. If

reciprocity were adopted, I have no doubt that inside of three years we would ship

out at least a million tons of ore per annum ; that is supposing the railway to be

built as well. The same railway would open up at least 175 miles of good agricul-

tural country out of 300, the length of the line. Part of the country across

Thunder bay is all white sandstone, while the red sandstone of Nipigon is famous.

If we had reciprocity, inside of five years a great trade in building stone would be

opened up between here and all the great cities in the States. There is a red

granite here, said to be equal to the Peterhead, and there is a pretty serpentine

marble upon the Nipigon river close to the Hudson bay post.

Joseph Baicden—We should find a market for our iron ores nt Chicago and

Pittsburg. We can send ore to Chic ig-> fr an Kingston for less than it can be brought ^he market for

from the lake Superior mines to Chicago. I think we could tind a good market iron ore.

there. The tariff is the chief, in fact the only interference with successful mining

in this re^iim. If the duty were removed the country would develop and mining

would g) on. The capital invested in mining in this section is nearly al'ogelher

American, except some little Canadian. Tue Bedford company is a Canadian com-

pany. The Kingston & Pembroke has absorbed all the other companies. Its Capital invested

capital is § ,000,000 all paid up. Property is put in to represent it, except a cer-
ent°"prisl

tain amonnt of s^ock that was sold for working capital.

B. W. Folger—Most of our ore goes to Cleveland. The Wilbur ore goes to

Pittsbnrsr ; they seem to like it and say it is as good steel ore as they get. Ore
running 55 per cent, would sell at Kingston at from So to ^3.50 a ton. The freight Frontenae ami

from here to Cleveland is 75 cents, or less than half what it is from lake Superior.
Lanark iron ore.

If the du'ies were taken off we would get that much more profit and it would
greatly encourage the developing of properties.

Nathaniel Moore— I am favorably impressed with the occurrence of iron in the

Kingston district. I believe there is plenty of ore here and of good quality. Quality of

While the veins may not be as large as tho?e of the lake Superior district, I think and lake

that as far as length and depth are concerned they are as good. I cannot speak Superior ores

in regard to that from experience. I worked long ago on the old Dalhousie mine, '^"•"P^''^"-

and I do not see why the veins should not be as good. As to quality, I think they

compare very favorably with the lake Superior ore. Of course here there are

advantages in the matter of freight, but there is the duty against us. We may
have a little the advantage in cheaper labor, but there is not much difference.

J. S. Campbell—I cannot say whether we will resume work at our Calabogie Calaboirie iron,

mines. If the American duty were removed we could resume and mine profitably.

W. H. Wylie—If the American duties were taken oft" it would helji to develop
the iron properties, but I do not know that it would benefit the other ores.

Wm. Caldwell—There has not been a good market for our own iron ore for the iron ores.

last few years, while there has been a very large development in the United States.

If the American duties were removed we could compete with the American mines
successfully.

R. C. Chite—I think it is impossible to develop our mines unless we have free

trade with the United States. I think the present law excludes capital, and both American capita}

capital and market are required. It would be possible to smelt iron here under a '^"^ market «-

high tariff, just as it would be to raise oranges, but it would not benefit the people.
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I have had communication with people on the other side, and am convinced that

there would be no difficulty in developing our mines if we had free trade with the

States. If we were on equal terms we could compete with the iron ore of the lake

Superior district. Our position is very favorable, yet with all in our favor we have

been able to do nothing, while from northern Michigan some three million ton.s

were shipped last year.

W. U. WaUhrldtje—The American is the natural market of this country, and
is necessary to the development of our mines.

William Kdleij—What is wanted to develop the mines of the country is un-

restricted reciprocity^ or commercial union, and if the Americans will not take off

their duty we will have to put on a higher duty. If the Ontario government would
give a bonus of ^3 a ton it could be manufactured cheaper than it can be imported.

Georqe Hope—I do not think mining ever will amount to anything in this

countrv till we have commercial union. There is one firm that I am told is willing

to invest $12,000,000 and put up works if they can get the American market for

their production. Our ores could be laid down cheaper at lake ports than the lake

Superior ores.

Adam Laldlaw—If we had the A merican market I think we could comjiete,

though I know that is not the opinion of some people. We would make special

lines and in that way could well hold our own. At present we make our stoves

just as good as the Americans do. Take a Canadian stove and an American stove

made from the same patterns and you cannot tell them apart.

Thomas Ledyard—The only thing that can be done with our ore at present is

to send it to the States. Pittsburg is the best place to ship to by all rail. The
freight to Buftalo froni the mines would be $1.50, where there is a charge of 25

cents a ton for shunting ; freight from Buffalo to Pittsburg, $1.25. The duty is a

serious drawback to that trade. If the duty were removed our mines could be

developed as well as the Michigan mines. The cost of mining would be from $1 to

f 1.50. We would have an advantage of from $1 to $1.50 a ton in freight over the

lake Superior ores. The price at Cleveland of Bessemer ore is $5.75 The duty is the

great obstacle. If the Belmont mine was being worked at the rate of 400 tons a

day that wou'd mean duty to the extent of $300 a day. It is estimated that

4,500,000 tons were shipped from lake Superior this season, and that in the face

of a dull sttel rail market. In addition to all this, in 1887 1,100,000 tons were

imported into the States from Europe. As far as the Canadian market is con-

cerned, six g. 'od iron mines would supply the whole of Canada, even if we used all

our own iron. That is estimating the consumption at 600,000 tons of ore, and of

that only about one-third of magnetite could be used ; they, don't like more than

that proportion < f magnetite in the furnace. I am satisfied wo have more than a

double supply of magnetite. Our magnetite mines woidd supply the whole of the

Dominion, but that ore cannot be used by itself economically.

James Prvdor—AVe want the American market, but I do not think we can

compete with Europeans. I do not think there is any use mining iron and copper

ore and senditig it to Europe.

H. S. Howland— I am a merchant residing in Toronto, and am interested in

mining properties. I have an iron mine in the township of Snowdon. i have

leased it, and 1 do nob know whether it is being worked at the present time The
shaft is down about 80 feet, and they have taken out a considerable quantity of ore

and shipped it to Elmira, N.Y. I do not think the venture paid very well, or they

would have gone into it extensively. If the American duty were removed it could

be shipped with profit, i think that is the obstacle to the development of the iron

industry.

G. J. Pnsey—All the ore we have so far taken out of our iron mine in Hali-

burton has been shipped to the United States. It is our only market ; we could

not ship to the old country. The duty is the only thing that prevents us supplying

the American market. If the duty were taken off the value of our mining pr per-

ties would be increased, and we would be able to compete with the American mines
in Michigan and elsewhere. If the duty were removed by the American govern-

ment I can see no reason why our mines should not be developed as fully as those

of Michigan. Taking the ores through that range in Haliburton and eastwards and
•comparing their analyses with those of the ores on lake Superior or any other point

of the United States, or even the Spanish ores, I claim that there is a greater pro-

portion of Be.'^semer iron in the Canadian ores than in the others mentioned.



Albtit Caiptiit<r— W'o uso sott coal in luiniinu- scwrr \n\>o. and thr iluly is a vciv ^^"^r pip<«

serious item. We nse from _'4 ti> oO tons a week. Tiiere is also a duty upon the elay

that is ini!>''rted. The duty on sewer pipe is 'M) per cent. 1 do not think that if

the durv were taken off we eonld ei'mpete with the .\nierieans on e(|ual terms : they

iiave the olay and the eoal in the suue lied. Some <>i the factories in the States use

natural <:as. and of eour-e t at is an .-hh •intaL,''' : hut for that the cost would hf

ahout the same.

JLfe.->\s ^lum' There is a small duty i>n luiildui^ stone, and of course we would
be better sat'srtied if there weie no dulie- at all. If the duties were removed we Mari.l.>

wiHild put up a lar^e marble mill at < rarden River and ijive empluynient to some ;50()

men, but that- would not pay as loui;- as the duty is im[t<ised, and it will l)e shipped
as buildint: stone.

W. II. Lnir'l— Nearly all tlu- capital in\ e-ted liere is Amerii'au. W the Ea&t

Si'ver Mountain mine there is Knylish ca[iital invtsted tu the ex'eiit of about

-S22.5,nUO, and in other properties I think there is about SiiOO.OOO of American
sain)--t,,i,e it

capital invested. I am interested in the sandstone ipiarries at (Jrange island and Grantrc und

Verte island, and a Chicago comiiany is also working a location of so acres. We '^ tTte isUmis.

have in tliose two islands abdut 'i.AOO acres. It is red .sandstone, the same as tl:e

< 'hicago i)roperty. and we have spent about 80,000 in "pening iij) one of the jjrc-

perties. I do not know what depth it goes to, but it rises about 100 ov l.'O feet

aliove the water level. We spent the money to get at tlie place where the stone

was solid The cliti is a mass of this red >tone. On both islands it is near the

margin of the lake, so that vessels couhl get to the property almost anywhere. The
T nited States would be the market f.'r that stone. The stone that is now being
shipped is exp(U'ted in its I'ougli form an 1 is subject to a duty of SI a ton. The
architects like the stone as it stands a great pressure and resists the etl'ec!s of

climate, but when capitalists come to look at it they find the duty in the wav and
this prevents anything being done. If the <luty was taken ott' there would be no
ditHculty in opei-ating the property.

Thuinns Mnil:.-<— I think it is the duty that prevents our sandstone lieiiig largely

used. If it were taken oil' 1 think we could W(n'k the (|uarries to advantage and
could compete on the American nrirkets. The demand fur it would be enormous .suulstone, iron

if once introduced, and I think .">uO men would be em[)loyed in <piarrying. besides '""' m^'t^hineru

those engaged in dressing it. The duty upon iron ore is very injurioi'S to mining
development. It would alsn be well to have the duty taken otl' such machinery as

is not made in Canada.

Ell ward J. Wliitiiiij—The capital of the Hungerford Marble comiiany is

SlOO.OiO : the stock is held in Canada and P. W. Ellis of Toronto is the president. Tlie market for

We hope to tinil amarket for some of the marble in Canada, but it is expected that ^''^''o^' "i'n'''le

the greater part v\ill be disjiosed of in the States. Entering the States there is a

duty of 55 cents a cubic foot on block marble, but in spite of that there will be a

great demand for this marble as socai as we are in a position to su|)ply it. The
duty on dressed marble is very much higher than on hlock marble : the duty of

course interferes to that amount. If the duty was taken off it would put us lUi an
equal footing with the American quarries, and by so doing would give us a chance
to deve'op t(j a much greater extent than is po.ssible undei- existing circumstances :

and we could figure on a better prolit and therefore would develoj) to a great extent.
My experience of the American marble market extends over a period uf iweiity-tive

years ; I am well acquainted with the dill'erent kinds of marbles required, and am jier-

fectly satisfied that this marble will take well on the American market. Mo.*t of the
M;ji.i,ii„,rv

quarrying machinerj^ used has to ])c imported and to paj- a duty of HO per cent. : the
machinery cannot be got in Canada. It would be a great advantage t(; allow
machinery in free where people are trying to develop property. The value of the
machinery ])ut in here—not including the diamond drill which is free— is from
-%,000 to S7,000.

Alerander McLean— I think that what is wanted in this country is a wider
market : we have an abundance of the material, but not the demand for it. I think xo prosict of .\

they have crystalline marbles in the northern parts of Europe ; if thev ha\e not, at Euroinan mar-

any rate they have other stone we would have to compete with if we sought to find
iHuidh/"'Yto'ne'i'^

a market there. An experiment of that kind would entail a very large expendi-
ture. The Amer'can market would l)e much more ])romising. We have ci-ystalline
marble and other stones that we could sell in the States without doubt. I do not
think they have a very considerable amount of crystalline limestone in the States.
The .American market is the market for building material. There is no market
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here that will justify the expenditure of much money. If we hd,d the American
market we could ship from Kingston to Chicago ; we could get a rate from the
Thousand Islands to Chicago of a dollar a ten. I do not know the rate to Liver-
poo', but it would be veiy much more than that. I think if there was an exten-
sive opening up of the marble quarries we might be able to get lower railway rate.?.

In order to attempt to compete with the old country we would have to produce
very cheaply. Colored marbles are what take the markets. I do not look upon
the out ook for the marble trade in this country as good till such time as we have
the American market. Here there is no market to justify people in [tutang money
mto cpiarries. The amount of native marble liere used is only a trifle. Most of
the marble used in Canada comes from Italy and the United Stat;es, the greater
quantity from Italy. A considerable quantity of nuirble is used in Canaila, but it

is really not a large quantity ; the market is very limited, and that is the
great difficulty the trade has to con'end \vi h here. We have the market now as
completely as a h gh tariff can give it, but it is not large enough to s-upport one
quarry on a large sc le. Then in one respect marble is very like dry g"ods, certain

kinds are fashionable. Just at present the popular marble is the 'leiinesee ; it is

red, with white and variegated spots. There is no marble we produce that is at all

like it. Those we have are piincipally crj'stalline limestone. I have seen some
very fine marble in color and texture that came from back of Tweed, from a quarry
thaf belongs, I think, to INtr. Sanford of H.imibon. The color is white, and it is

much less crystalline than the Biidgewater marble, but we cannot tell anything
about that property till it is developed. I do not wish to be understood to say
that crystalline marble would not compare favoral)ly with other marbles for useful

purpo.^es. I t- ink it will last better than any other marble, and I do not th nk it

will stain as easily as the Italian marble. It would not take quite as good a tii)ish

as the best grades of Tennessee marble, but of course I have only seen what may be
called surface specimens. I think the present duty is satisfactory, and I do not
think that an extra duty would help the business any. I have heard that lhi&

country is made a slaughter market of by the States, but I do not thii)k that

amounts to much. We have bought Tennessee marble ourselves in the open
market. Fashion rules the demand, and there is not so much marble bought by
one person that the duty Avould make any difference. The furniture dealers will

not take marble that is not in the fashion
;
pefiple will not buy an article that is

unfashionable. It is imjjossible to force Canadian marble on ihe market. We
have no opposition in granite from the United States. There is any quantity of

fine granite in the Muskoka and lake Superior districts. It is said that it has been
used for bridges, and that it is free from checks and cracks. There is no object to

go into granite the way prices are now unless we get special orders. >Ve are not
making any great efiort to develop that trade ; but the marble busine?.s is develop-

ing rapidly.

Dr. Timothy Coleman—There is no r. arket at present for salt, and there is no
profit in the business. If we had free trade with the United States it would do a

great deal. In Montreal there seems to be a prejudice against us. I do a fair

trade with the French, but the English-speaking part of the population think there

is nothing like the English salt. Unless we get annexation, commercial union, re-

ciprocity, or somethingof the kind the salt industry will die out. We should be
allowed to import coal free for the manufacture of salt.

William Gray—The eastern provinces do not want a duty upon salt, but as

long as salt is allowed in free there should not be a duty on coal. If we had the
American market it would be a good thing for us ; we could hold our own against

the Americans.

John Tohnle— I do not know of any way in which the Ontario govern-
ment could assist the salt industry. If the duty were taken oif it

would help us materially. I do not think we could now send salt tr the States even
with a bjunty. We would get only $4 a ton in Chicago, and out of that there

would be the freight ^1 and duty SI GO. If the duty were returned as a rebat-^ it

would pay. A duty on English salt would help us very much. The consumiJtion

of English salt here is a million barrel-^, and that of Canadian only 300,000 barrels.

That and reciprocity with the States would help us greatly.

John Ransfonl—The principal thing that tells against the salt industry of

Canada is the duty on coal. We cannot use the Nova Scotia coal on account of the
fi-eight, and there is no other coal we can use except the Ohio. Bituminous slack i&

commercially valueless ; the mine owners charge us less than it cos's to put on the
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cars. Tliey sell it at 10 cents a ton (in board the cars, and because there are a few
large pieces that it will not jiay the miners to take out we ha^e to pay a duty equal
to six times what it costs at the mines. We want free coal, as well as other articles

that enter into the manufacture of salt. If we cannot get these articles free, then
we wa"t a tax on sal: coming into the country. The tax of lOc. per 10) pout)ds

should be collected on all salt except what is actually used by the tishennen. We
have spent thousands of dollars and months of time in trj-ing to get the government
to do something. 1 am opposed to the pnncijile of bonuses, but any remedy would
be an improvement i)n the present state of the industry, which is the most oppressed
in the countrj-. With free trade and the American market we would be able to hold Free trade and
our own against the American manufacturers ; we have confidence in the quality of '^^^ American

our brine, and in onr ability to hold oir own. If with a fair field we could not ™''' ^ '

compete with them then the sooner we closed up the better.

Peter McEwen—The removal of the duty on coal would benefit the salt indus*ry
here, but I do not think the American duty makes much diflference. If we had united states
free trade they would beat us out uf part of our market, but we could take part of and En°rlish

their Chicago and lake trade. We would not fear them (m equal terms. A tax on «o"ipetition.

English sah would help us. The English salt drives us out of our own market.
The exclusion of that salt wi^nld be the bt-st thing for a while. I am personally

against protection, but as other articles are protected I think salt sh uld be also.

The English salt comes "ut as ballast : their labor is about half what it is here, and
their salt is only about 300 feet down, and they can send from England to Toionto
as chea])ly as we can. As matters are at present n'lt mo: e than a million people
use our salt. No doubt that free trade would greatly benefit the country ; I

mean free trade with the Stat s.

Joseph Williams—The duty on coal does not aflfect me, but it is an injustice to Taxed fuel an
others and should be taken off. If we had free trade with the States I would not injustice.

be afraid of bjing able to hold iti.y own against them : if they sold here we could go
there for our market.

James Carter—If we had a free market I don't think we should have anything ^^ unfa,ir
to fear from American competition. I don't tliink they could compete against us arrangement of

in Ontario. If the duty were put on tbe English as it is upon tiie American salt it duties.

would give the mamifacturers here an opportunity of supplying nearly all the salt

consumed, and that is about one and a half times more than is now being produced
by Cinadians. It is qviestionable whether that would be an advantage to us,

because the salt in ustry is so overdone that there are now five times as many
works as are needed to supph^ the amou-it consumed, and if English and all Amer-
ican salt were exclu led it would only increase the consumption one and a half

times. We could not advance the price, as business would still be overdone to. the
extent of double what wa; required. Matter;* would arrive at the same point they
are now, and the only remedy would be to combine. It would otily cause works
now in existence to start up ; it would cause more production, but not at a profit.

I do not think it would be for the benefit of the people at large to exclude the
English salt, and I think it would be a hardship on the consumer. 1 think tlie xhe English
ta'ifi" is very unfair and nonsensical in that it makes us compete with English salt competition,

here and pay duty on the fuel that we import, wiiich is equal t) 3 cents a barrel.

Now we liave to pay that and to compete ag linst free English salt. As to making
salt [lay duty and allowing a rebate on all used for the fisheries, I cannot see that
it would do the salt manufa turers any good. They would get the Englit-h salt just busfnessin a
the same as now, because the freight is cheaper. It would be an annoyance to limited field,

them without doing the Canadian salt nianufacturers any good.

John A. Barron—As far as I can judge not much can be done till we get a
market ; the Canadian m rket is too limited. In order to su; ply a market for the
excess above home consumption, it is necessary that we have access to the Amer- The Canadian
ican market. Free trade with the States I hiok u]>on as the most important thing market is too

for the iron industry. If we cannot get the Amcican market then the home ^""*®'^'

market is better than nothing, and we should do what we can to make the most of
it. Half a dozen mines would supply our own market, and if confined to that
there would bo the danger of over-production, which would be attended with dis-
astrous consequences.

W. H. L. Gordon—I reside in Toronto, am a barrister and am also a commis-
sioner of the Canadian Land Emigration company. The comjiany owns nine town-
•ships in the Haliburtcm district. The land was bought for settlement purposes
•over twenty -five years ago, but it is more of a lumber and mineral than an agricul-
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Minerals in Hal- tural countiy. We have done a gooci deal of exploring aufJ have discovered iron,

iburton, but no copper, apatite, galena and molybdenum. We believe that iron is to be found in

''m il'^'i^ th m the largest quantities in Dysart, Dudley and Harcourt. There are indications of

without an Am- large quantities in both Dysart and Harcourt. Nothing can be done with iron in
erii-an market, jjj^g present state of the market owing to the duty of 75 cents, which shuts us out

6i the American market. This section of the country is within 120 or 130 miles of

Toronto. The development of mining there would be the greatest boon to the

settlers. The lumber is fast disappearing, and unless the mines are developed they

will be in a bad way before long, especially as it is not an agricultural country.

E. B. Barron—The federal government has not been at all successful so far. as

Ways of foster- this province is concerned. Whatever has been intended, the effect of its legfsla-

iiigand injuring tion has been to crush rather than foster our mining industries. The power to
the mining injure is undoubtedlj' possessed by the federal government. One way in which

* '
this may be accomplished is by imposing exorbitant duties on machinery, a' d
everything in the way of stores and materials used in mining, dressing and smelt-

ing the ores, thus greatlj^ increasing the cost of production. The other way is by
])urstiing a policy calcidated to deprive mining companies of their best and nearest

c 1 t. ms luties
market. And how seriouslj' that may retard the development of her mineral

!, oms I u les.

^.gg^^^^.^gg must be apparent to all. It may be supposedly many that the customs

duties charged on metals imported into Canada may compensate for the burdens

otherwise imposed by the tariti', but a little reflection will show that this is not the

case. The tariff imposes no duty on the importation of gold and silver, nor wotild

it be of the slightest advantage to our gold and silver mines if it did. The tariff-

places a duty however on iron, copper and lead. But we have no mines in Ontario

which produce iron, copper or lead in the metallic state, nor any so far as I know
at which the product is smelted and sent to market in that state. Ours are strictly

speaking iron ore, copper ore and lead ore mines, and the product is transported to

market and sold as ore. As may be seen by reference to the tariff, ores of metals

of all kinds are admitted free. So long as there is no smelting works or furnaces

in Canada, duties would be of no benefit. As regards other minerals, many are

produced in quantities greater than required for Canadian consumption and must

be exported, in which case the import duty in the absence of combinations does not

necessarily increase the price. It is therefore evident that whereas our mining

industries are oppressed by the tariff on the one hand, they really derive no equiva-

lent or advantage whatever from it on theother hand. The duties on imported copper,

lead, iron, etc., are really of benefit only to the smelters, or those mining com-

panies that smelt their own ores, of which I do not know of any in Ontario unless

it be at Sudbury. In the ease of those mines that sell their product in the shape of

ore, these duties are even an injury, increasing as they do the cost of engines,

machinery, pumps, rails and tools, in fact everj-thing into the manufacture of

wliich those metals enter which is required for the working of the mines. The

H.vs*^eiii."
'

"^

best thing the federal government can do is to remove all duties from off the

machinery, materials and supplies, manufactured and unmanufactured, required for

mining, ore dressing and smelting operations and abolish the protective duties on

metals. If it is deemed necessary to protect the smelters of iron, copper or other

metals, let it be done bj^ giving bounties, which have this advantage that we know
Ourexp't trade precisely what we are paying. From the table showing the value of the minerals
of miner lis. exported bv Canada, as given in the report of the Geological Survey for 1887, it

appears that the total value of the minerals exported from 1874 to 188C was .$43,-

653,770, of which ^33,437,497 was exported to and sold in the United States.

Nothing more than this is required to show the importance of that market ; and
how necessary it is the federal government should spare no effort to remove every

obstacle to the freest trade possible between the two countries. The value of the

minerals exported from Ontario alone, as may be seen from the same report, has

fallen from 8955,820 in 1874 to $18'),574 in 1880 : or, in other words, the production

is only one-fifth part what it was thirteen years ago, for all the minerals jji-oduced by

our mines, with trifling exceptions, are exported. This reduction in the (quantity and

value is principally due to the suspension of operations by the Silver Islet and West
Canada mining companies,—the former, it is believed, in consequence of the exhaus-

tion of the mine, and the latter partly in consequence of decreasing richness of the

veins in depth, but chieflp owing to the extremely low price of copper ore. In the

Fret tr.-t.le with present depressed condition of our mining industries the federal government should
the United remove the burden imposed by unequal and unjtist taxation, and pursue a policy

of"a%enMnent which will lead to the free admission of our mineral products into the United
basis. States. Our mining industries never stood in need of consideration at the hands of
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the gorernment more than now, and until they receive this consideration and our
commercial relations with the United States however free be placed on a solid and
permanent foundation, not merelj^ dependent on the political exigencies of a

party or the whim of a minister cif finance, 1 do not think American capitalis's

will invest much money in our mines, or that our mineral resources will be de-

veloped to any considerable extent or with any satisfactory results.

S. P. Mcintosh—The customs duties are not only burdensome, but their col- Customs delays,

lection has been very annojang, and many times the work of the Canadian Copper
company has been brought to a standstill on account of the delay caused in this

department ; however, I will say of late that this business has been transacted in a

more satisfactory manner than formerly. To avoid delays our company has ofi'ered

the government to furnish an office for the customs ofiicer at Sudbury free of charge,

and also to pay the salaiy of the ofiicer, so that goods consigned to us might go
through to Sudbury instead of being stopped hundreds of miles away, but this offer

the government declined. There should be no duty on mining machinery, nor
upon any tools or implements used either in the production or smelting of ores, or

for refining the product into pure metal. Coal and coke used as fuel should also

be free. No substantial progress will ever be made in the development of the

mineral resources of Canada until the policy of the government is changed from
one of exactions upon this industry to one of encouragement and support. The Exactions upon

imposition of a tax on mining machinery, which of necessity is imported into

Canada, is nothing less than a premium offered to allow portions of the country,

now practically worthless, to remain forever just as nature left them. It is more
than that—it is in the nature of an edict that it should remain so. Nearly the
whole railway system of Canada has been built solely by the government, or largely

so by its generous aid. It would seem to be the most natural thing in the world
that they should now give some aid to those who risk their money in these enter-

prises to develop the country through which long lines of these roads traverse. The
United States senate has within the last few days voted a bounty on the production

i„°the LT^ni'ted^^

of sugar, which during the existence of the law will amount to many millions of states.

dollars to the producers, and this to an industry nearly a century old. It has also

at the same time cut down the import duty on many of the minerals to one-sixth of

the former prices. We do not need to go further than to call your attention to the

figures already in your possession as to the relative condition of the mineral pro-

ducts of Canada and the United States. The successful development of your mineral
resources is one wholly dependent on your governmental policy. Your govern- „

ments, both Dominion and Provincial, should off'er a bonus on the production of ductioii of ores

ores and upon the product smelted from them during a term of years sufficient, and metals.

and of sufliciently generous amount, to warrant the investment of capital in these
enterprises. It should also ofter special inducements in the way of an extra bonus
for a designated large output both of iron and other metals i^roduced during a
period of years.

THE CONSTRUCTION OF ROAPS ANP RAILWAYS A NECESSARY PART
OF A GENEROUS MINING POLICY.

S. J. Lfawson—A railway has been projected from Port Arthur to Gun- ^ railway line

fiint lake, a distance of 85 miles, and the Dominion government has appropriated Arthur to the

$3,200 a mile for the whole distance; ten miles has been already graded and a intematioTial

quantity of material has been purchased. This railway when completed will make ''O""'!^'"^-

the silver mines of the district accessible as well as the ii'on mines ; in addition it

will open up a section of fine agricultural land, as the whole of the valley of the
Whitefish is the best of land and well adapted for farming. The line has been sur-

veyed, and the engineering difficulties are not much. It will be easy of construc-
tion and the amount of rock excavation will be small. Beyond the head waters of
the Whitefish there is a great deal of good land and a great deal of verj^ good pine.
Were the railway constructed it would open up a dozen townships of good agricul- l''"'"^""? lands,

tural land in the Whitefish valley, besides what there is beyond. I think ^20,000
a mile would be a high estimate for building and equipping the road. There is an
unlimited quantity of white poplar in this district which would answer for the poniar for paper
manufacture of paper puljj. It is of lai'ge size and good quality. The opening of a pulp,

railway would lead to the establishment of that industry as well as several others, in
addition to developing the mining capabilities of tlie country.

William Plummer—Where any raining development takes places I think build roads"'
*^**

it is a wise policy on the part of the government to build roads.

I
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The need of a
railway to bring
fuel to the silver

mines.

Farming land.

The value of

railway service

in a mining
counti-y-

The want of

railway com-
munication de-

lays mining
development.

Heavy cost of

freight.

Prospects of

traffic ti) the
Silver Mountain
mines.

A railway to
Silver Mountain
a necessity.

Machinery.

A railway and
ijublic roads
needed.

Promising work
stopped for >vant

of railway com-
rauniciition.

ThomciH Hooper—We use a great amount of fuel, and the forests here
will not supply us long. When we work with a full force at our present capacity

we clear two or three aci-e5 every two days. We require about 4.J0 acres annually

even at our present capacity so that it will not be lo ig before we will have to come
down to coal. If we don't get a railway inside of tlnee years there will n -t b^ a

tree seen in this part of tlie country. The fuel is poor ; one cord of good maple is

worth three of poplai-. Since the I7th of March last to date we have paid the

Canadian Pacific railway for freight .$1,394, chiefly for freight from Port Arthur.

In the Whirefish val ey GO per cent, of the land is good for settlement ; the soil is

a clay subsoil with a sandj^ loam. I cannot tell you about the frosts, but I never
saw better potatoes than were raised within twelve miles of here.

Wm. Mu7'doch—A railway to the district west of Port Arthur would do
wonders to develop ihe mining industry, and I am convinced that the traffic would
pay from tlie beginning. It is necessary to the development of the mining industry,

and would bring capitalists into the country. The Fraser-Clialmers Co. of Chicago

export mining machinery all over the world, and were the industry developed here

I believe they would stai-t a factory here. In the meantime I think it would be

wise to allow machinery not made in Canada to come in free.

Henrii Mufhivell—The starting of smelting works by the government would no
doubt do some good, but everything hinges upon the railway. If we had a railway

it would give a great impetus to the silver mining business ; the woods would be
alive with prospectors, and capital would come in freely. I know a great many
claims in the neighborhood that are lying idle and cannot be worked owing to the

want of a railway.

W. N. Montgomery— Quite an amount of ore has been taken out of our mine,

but noiiH has been shipped as it cannot be shipped profitably from this point on

account of the freight, which is so high. To ship frt-ight to Port Arthur costs one
cent a ])ound, and this spring I had to pay as high as two cents. A railway would
enable me to handle the ore properly. I think it would be better to treat the ore

here than to ship it, as then light grade ore could be worked.

T. H. Tretheivey—The construction of a railway to the Silver Mountain mine
would result in great development and in increased prosperity. I believe there

would be business enough from the beginning to pay, and a rapid and steady

increase in the volume of business the road would do. Colonisation roads, even if

in good condition, will not answer, because fi eights would be so high that it would
be impossible to go further west than here on such roads.

Henry H. Nichols—Before there is any development of any account at Silver

Mountain there must be a railway. As it is now freight from here to Port Arthur
costs $1.50 j)er 100 lb., and nothing but the richest ore will stj,nd that. We pro-

pose to develop our mine, l;ut we must wait for better shipping facilities before we
can do much. This section cannot get on any longer without a railway, and I

think a railway would create a regular boom.

Georcje A. Shaw—I am interested in West Silver Mountain mine, and it is our
intention to put up a large stamp mill there. We got some of our machinery from
Toronto and some from the States. 1 think we can get all we .want in Canada.
There are cei'tain kinds of machinery that I think should be allowed to come in

free. But what retards mining development there mac than anything else is the

want of a i-ailway and good roads. It would cost about $20 a team for each trip

now from Port Arthur to Silver mountain. A team could take a ton in the

winter, but in the fall and spring it could not take half a ton.

Arthur Harvey—I live in Toronto and have taken a deep interest in mining
matters for the last twenty or twenty-five years. I am interested in the silver

district west of Port Arthur and the gold district at Rat Portage. I am interested

in three or four silver locations, only one of which has been jiartiy developed, 2oOR;
it is northwest of Whitefish lake. We put down two shafts of 25 or 3(3 feet, but

we are stopped till a r.iilway is built. Everything is very promising, but we do
not think that we can do anything till we get a railway. The distance to Port
Arthur is about 55 miles. I think a railroad built there would lead to very large

developments, and the first -!0 or 50 miles of it woidd pay from the very start. It

is the experience in Colorado that three good working mines will keep a railroad.

I think the railway question is the only one that the government can deal with in

the interest of mining development.

1
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F. Andrews—In regard to transportation, I consider $7 a ton is an excessive At the mercy of

charge. It has been sent from San Francisco to Xew York for that rate. We are one railway,

at the mercy of one railway at Sudbury ; another woukl helj) mining considerably.

H. P. Mcintosh—The construction of railways for the opening up of mineral

regions should be the objectof special and most generous encouragement. This j)olicy Railway commu-

should apply to both Provincial and Dominion governments, and if it were done
be^ge'nei-ousw'*

Canadian industries would receive a healthy impetus that would be a surprise to encouraged,

your most sanguine friends. On the other hand, if the present policy continues

the present state of aftairs will continue. With such spasmodic efforts as have been
made by you to buck against it, it has been the inevitable result that has followed
every one of the enterprises. Nature has done her part. Will your governments
do anything to add to the talent temporarily entrusted to your keeping ? The Favorable rail-

answer to this question is all that there is between what now is and what ought to ^'^J' rates.

be. The shipping facilities are all over the Canadian Pacific railway. The
maximum rate for the output of these mines and for the coke and coal which should
be taken into them was given to us by the president of that company, Mr. Van-
Horne, before any shipments were made, and were quite satisfactory. It is only
justice to Mr. VanHorne to say that from the first he has manifested a great

interest in the success of the enterprise, and has not only expressed a willingness

to do, but has already done much to aid in its efibrts to develop the j^roperty.

A . J. Cattanach—I think it is extremely important that the mineral districts The mineral

of the province should be opened up by railways and colonisation roads, and I ^ist'icts should

believe that the province at large would derive great advantages therefrom, by railways and
Take the case of the suggested James' Bay railway ; that line will go through a colonisation

"very interesting country and a large area of government lands, besides bringing us '°^ ®'

into connection with the waters of the Hudson bay. In reference to the district

south and west of Port Arthur, I think it is a matter of great importance to the
whole province that a railway should be built from Port Arthur to meet the Iron
Range road from Duluth ; there is sufficient mineral development there to justify

it. From Port Arthur to Whitefish lake there is ample development to justify a

railway independently of anything beyond ; the distance to Whitefish lake is 48 A railway to

miles. But I think in the interest of the country the road should branch into the develop the
. . * Silver (incl iron

iron country near the boundary line on our side. I cannot say whether it is a con- wealth of the

tinuation of the Vermilion range, but I believe the ore to be immense in quantity lake Superior

and good in quality. I believe that the development of that range would largely
•^o""*''*-

promote the trade of the country and open up that particular district. I think it

would be well to strike from Whitefish lake southerly towards this range and
westerly towards Rainy river, passing the Huronian range. Both roads might use
the same line from Port Arthur to Whitefish lake ; but if only one of them can be
built just now I think it should be the Port Arthur, Duluth and Western railway, iron^'ange"**
I understand that the Iron Range railway, as it is called, was built in 1887 from railway.

Duluth into the iron range of northern Minnesota. The state of Minnesota largely

subsidised the railway by giving a bonus or aid of 10,000 acres per mile. The iron
range was the objective point of the road. If the road were built on our side the
ore would probably be transported to Port Arthur or Fort William and shipped
there. The Iron Range railway transported to Duluth or Two Harbors and shipped
from there last year about 350,000 tons, I am informed. The principal trade of

Duluth to-day is iron and grain. I have heard from contractors who have been
examining the line of the Port Arthur and Duluth road lately that they think the
trade of the silver mines along this line would be enough of itself to warrant the ^j^g ghebau-
building of the road ; and I know that with moderate assistance from the provincial dowan country.

legislature they would undertake the risk of construction. A railway to the west of

Thunder bay would open up the iron range, and by so doing would create a large
trade. It would open up the Shebandowan country, which is a very important
country as far as gold is concerned. I understand from good judges, practical as
well as scientific, that the rock there is the true gold-bearing rock. I sold the 160
acres on which the Huronian mine is located for $50,000 cash for the owners, and
I understand the present owners have spent between 8100,000 and 3150,000 upon
it. Everything is ready to go on with the work, but the means of communication
are so bad that it practically prevents work at all. It costs about §70 a ton to get

t

stuff in, and that renders the expense so high that nothing but very high grade ore
•can stand it. Railways and roads are what the country requires. In 1877 the

yoip^jJa't^io^'

^"^^

Ontario legislature passed an act called the Railway Land Subsidy act which recites railways,

that it woiild be to the interest of the province at large to have colonisation rail-

ways through the unsettled lands, and it provides a scheme for aiding those rail-
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ways by means of land grants. The land grants are not to be given to the railways,

but are set apart by the government on either side of the raihvaj^ ; the government
is to sell the land at not less than $2 an acre as it may think- proper, and after

paying the expenses connected with the sale of the lands, to pay over so much of

the proceeds as the legislature may choose to allot for the building of any particu-

lar railway. If there is a surplus it belongs to the government, and the govern-
ment does not give up the control of the lands. Thus, if the Ontario legislature

subsidised a line to the extent of 83,200 a mile under that act, the government
could appropriate as much as 10,000 acres on each side of the.road for eveiy mile.

The government would sell the land itself and after deducting the expenses would
give the railway company 83,200 a mile, and if there was a surplus beyond that it

would go into the provincial treasury. If they could not sell the land there would
be no obligation on the part of the government to the railway. That would help

Money subsidies railways, but of course money would be the most serviceable of all
;
people do not

preferred. know much about those lands and would be doubtful about their being good. But
I think the government should give a liberal money bonus to the Port Arthur and
Duluth road as it is a comparatively short line. The Dominion government has
given it 83,200 a mile ; and even with that the company has not been able to secure
the necessary funds. Nothing woiUd so open up the country as the building of

railways, and if any part of the country was not worth opening up then we would
know it. The miners would have to get their supplies of all kinds as well as

machinerj- from the older sections in the beginning, and in addition other industries

would spring up. I am looking ui>on the matter as if it were the case of a man
who owned an immense tract of country. It would be to his advantage to do some-
thing towards opening it up ; and if he could get any person to build him a railway

for half of its cost he would be a gainer, as his property would be improved at the
expense of others.

E. B. Borron—Too much is frequently expected from the government in the way
^, . . of direct aid to our various industries. The richness of our mineral deposits cannot

railways ought be increased by act of jjarliament ; nor if the produce of our mines exceed our own
to be aided by consumption can the government add anything to the price of our mineral products.

e governmen
. ;^^j^j^g ^-^j^y \y^ assisted, and in some districts called into existence, by the con-

struction of railways, or other cheap means of transportation. When the mineral
resources of any part of the province have been proved to be such as to justify the

expenditure, the best way to i)romote the prosperity of mines is by aiding in the

construction of railways ; but the railwaj's in consideration of the aid should be
bound to transport the products of the mine, forest and field at a certain specified

Railway exten- tariff. The rate should not be more than one cent a ton per mile on ores, clays,
sion has cheap-

jjorjiite, building stone, etc. It is onlj' by aiding in the construction of railways, by
liberal land laws and by furnishing thoroughly reliable information that the prov-

incial government can assist the capitalists. The extension of railways has opened
up mines in all parts of the world, Avith the result that the prices of every descrip-

tion of ore or metal has fallen greatly in the last twenty or thirty years. The prices

of iron, cojjper, zinc and tin are not more than from one-half to two-thirds what
they were thirty years ago.

H. S. Houiand—I think it would be a good policy to give lands to railways so

l-and subsidy for *^ ^^ open up the Country. If there is no probability of iron smelting works being

railway con-" erected or anything being done with the ore there would be nothing for the rail-
struction.

^^g^y jj^fj perhaps it would be better to wait. But where there is a prospect of

shipping the ores or smelting them it would be to the interests of all to open up>

the country.
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MINERAL PRODUCTION OF CANADA IN 1886 AND 1887.

Table i.—Mineral production of Canada by quantities and values for the years 1886 and 1887,

as compiled from the Geological Survey reports.

Product.

Antimony ore tons.

Arsenic "

Asbestos ,
"

Barytes "
Brick m.
Building stone cub. yds.

Cement bbl.

Charcoal bush.
Chromic iron ore tons.

Coal "
Coke "
Copper lb.

Fertiliser tons.

Flagstone sq. ft.

Gold oz.

Granite tons.

Graphite "

Grindstone "
Gypsum "
Iron "

Iron ore "
Lead, (fine, contained in ore), .lb.

Lime bush.
Limestone for iron flux tons.

Manganese ore "
Marble and serpentine "
Mica lb.

Mineral paint tons.

Miscellaneous clay products
Moulding sand tons.

Ochre .... "
Petroleum .... (bbls. of 35 imp. gals.

)

Phosphate tons.

Pig iron "
Platinum oz.

Pyrites tons.

Salt "
Silver

Slate tons.

Soapstone "
Steel "
Sulphuric acid lb.

Tile m.
Whiting .... tons.

Estimated other products about

-Total abt.

1886.

Quantity.

665
120

3,458
3,864

139,345
165,777

901,500
60

2,091,976
35,396

3,505,000

70,000
76,879
6,062
500

4,020
162,000

69,708

1,535,950

1,789
501

20,361

350
486,441
20,495
22,192^

42,906
62,359

5,345
50

12,416

Value.

S31,490
5,460

206,251
19.270

873,600
642,509

54,000
945

4,017,225
101,940
354,000

7,875
1,330,442

63,309
4,000

46,545
178,742

126,982

283,755

41,499
9,900

29,008

112,910

2,3P0

437,797
304,338
237,768

193,077
227,195
209,090
64,675

400

142,617
600

167,797

810,529,361

1887.

Quantity.

584
30

4,619
400

181,581^
2'32,5y2*

69,843
1,610,900

38
2,368,891

40,428
3,260,424

498*

116,000*
66,270
21,217

300
5,292

154,008
31,527*

76,330
204,800

2,269,087*
17,171
1,245
242*

22,083
100*

160
385

763,933t
23,690
24,827
1,400

38,043
60,173

7,357
100

7,326
5,476,950

14,658^

75

Value.

S30,860
1,200

220,976
2,400

986,689
552,267
81,909
88,823

570
4,758,590
135,951
342,345
25,943
11,600

1,178,637
142,506

2,400
64,008

157,277
1,087,728
146,197

9,216
394,859
17,500
43,658
6,224

29,816
1,500

182,1.50*

800
2,233

59.5,868

319,815
366,192

5,600
171,194
166,394
349,330
89,000

800
331.199
70,609

230,068
600

1,610,499

§15,000,000

* Incomplete, f The total given by the direct returns from the refineries was finally
adopted as the most correct.
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MINERAL EXPORTS OF CANADA.

Table ii. -Showing by quantities and values the exports of minerals the produce of Canada to Great
Britain, the United States and other countries for the seven fiscal years 1881-7.

Minerals.

Coal:

Great Britain ....! g

United States...-*. ©

Other countries . . -j <^

™ , 1 ftons
Totals - ©

I, w

Gold bearing quartz :

Great Britain S
United States $
Totals $

Gypsum, crude :

United States . .

.

Other countries.

.

Totals

/tons

I $
tons

$
tons

Oils, mineral, coal, etc. :

United States

Other coTintries.

Totals

Ore—antimony :

Great Britain

United States. .

.

Totals

Ore—copper :

Great Britain

United States...

Totals

Ore—iron

:

Great Britain.

United States

Totals

Ore—manganese

:

Great Britain.

.

United States .

.

Other countries

.

Totals

gals

$
gals

gals

S

tons

$
tons

s
tons

tons

§
tons

tons
.?

tons

$
tOQS

tons

/tons
•

I §
/tons
I $
/tons
i $
/tons
( $

1881.

4,603
10,062

334,573
953,301
80,87!l

159,728
420,055

1,123,091

767
766,551
767,318

130,961
119,399

130,961
119,399

1,615
446
841
185

2,456
631

46
3,921

46
3,921

322
12,045
19,480

138,367
19,802

150,412

1882. 1883.

6,120
18,825

308,335
824,915
106,856
234,964
421,311

1,078,704

930,151
930,151

130,062
127,139

130,062
127,139

062
136
662
136

1.30

4,733
130

4,733

273
13,598
44,471

125,647
44,744

139,245

4,030
13,265
302,803
790,614
123,248
283,532
430,081

1,087,411

1884.

14,950
43,026

340,670
940,890
96,011

217,256
451,631

1,201,172

911,383
911,383

154,809
1.51,844

154,809
151,844

952,131
952,131

155,851
160,607

1,422
368

1,422
368

368
11,842

368
11,842

155,851
160,607

325,549
7,066
2,014
480

327,563
7,546

124
4,605

8
250
132

4,855

1885.

23,784
65,971

355,696
1,178,799
100,226
223,396
479,706

1,468,166

44,677
114,850
44,677

114,850

1,146 I

16,819
!

482
14,824

473
7,095
2,101

38,738

43,835
135,463
43,8.35

135,463

766
11,255

659
26,230

1,425
37,485

236
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MIN'EBAL EXPORTS OF CANADA.

Table ii.—Showing by quantities and values the exports of minerals, etc.

—

Concluded.

Minerals.

Ore—silver

:

Great Britain .

United States.

Totals

Phosphate :

Great Britain .

.

United States.

.

Other countries

.

Totals

Salt:

United States .

.

Other countries

Totals

Sand and gravel

:

United States.

,

Slate

:

United States.

ftons
\ S

( tons
•\ S
/tons

•L S

ftons
•\ s
ftons

•\ S
ftons

\ S
ftons

\ S

f bus.\ S
f bus.

•\ S
f bus.\ s

/ tons

I $

f tons

Other countries

Totals

marble un-

( tons

t S
( tons

Stone and
wrought

:

Great Britain .

.

United States..

Other countries

.

ftons

\ S
/tons
I S
/tons
I S

Totals {*«'^|

Other articles

:

Great Britain S
United States S
Other countries S
Totals -S

Total export values :

Great Britain S
United States S
Other countries S
Totals S

18S1.

3,000

31,494

34,494

13,199
210,364

2,402
29,129

15,601
239,493

253,555
39,566

253,555
39,566

55,860
12,511

28,176
81,456

13
468

28,189
81,924

595
40,714

172
41,481

253,652
2,346.529
167,648

2,767,829

1882. 1883.

15,105

'i5,ii6'

13,197
258,391

2,080 I

28,976
1,904

40,300
17,181

327,667

381,476
36,418

78
200
22

14,000
100

14,200

12,263
255,816

220
2,400
1,995

44,500
14,478

302,716

197,185
17,511

1884.

20
37

12,900
37

12,920

21,328
451,092

32
250
111

1,980
21,471

453,322

181,742
17,408

1885.

381,476
36,418

54,593
13,789

420
8,100
420

8,100

3
39,178
83,830

156
544

39,339
84,377

9,379
65,625

52
75,056

197,185
17,511

63,426

17,755

148
3,043

148
3,043

26,412

72,779
166
589

26,578
73,368

13,471
47,251

52
60,774

311,456
2,418,021
284,096

3,013,573

443,831
2,198,014
.329,041

2,970,886

181,742
17,408

61,575
14,152

864
11,445

864
11,445

3
6

12,926
52,369

25
103

12,954
52,478

9,945
50,567
2,100

62,612

519,672
2,505,501
222,819

3,247,092

31
7,539

31
7,539

16,878
327,508

745
8,980
1,361

25,800
18,984

362,288

107,523
12,326

1886.

107,523
12,326

90,015
23,590

353
4,210

24
432
377

4,642

3
81

25,134
81

25,137

23,718
407,314

532 I

6,817
1,724

17,820
25,974

431,951

384,283
26,714

210
35

384,493
26,749

102,795
23,195

260
4,256

22
296
282

4,552

15,724
52,155

12
51

15,736
52,206

14,850
59,888

409
2,062

15,259
61,950

.50,973 40,588
70,892

I

161,151
5,765 4,793

127,630 206,532

485,408
2,898,518
255,611

3,639,537

1887

18
8,4.50

22
16,487

40
24,937

20,465
360,313

733
6,223
1,605

29,913
22,S03

396,449

106,385
9,418
258
45

106,643
9,463

135,627
23,207

26
420
22

880
48

1,300

12,173
65,300

32
301

12,205
65,601

10,363
216,406
1.5,134

241,903

589,832 ; 477,722
3,115,696 I 3,085,431
245,619 , 242,796

3,951,147 ! 3,80.5,959
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IMPORTS OF IRON AND STEEL MANUFACTURES.

Table hi.—-Showing by quantities the articles of manufactures of iron and steel imported into the
Dominion of Canada from G-reat Britain, the United States and all other countries, classified as
dutiable and free, for the seven fiscal years 1881-7.

Articles. Cj Si

Anchors

:

Great Britain . .

.

United States .

.

Other countries.

Totah
Anvils :

Great Britain
. .

.

United States .

Other countries.

Totals
Band and hoop iron :

Great Britain

United States

Other countries . . .

.

Totals

Bars and ingots

:

Great Britain .

.

United States...

Other countries

Totals

Boiler plate :

Great Britain . .

.

United States .

.

Other countries.

r

••I

Totals
Bolts, nuts and rivets

;

Great Britain

United States

Totals

Canada plates

:

Great Britain

.

United States.

Totals
Chains :

Great Britain . .

.

United States .

.

Other countries.

Totals
Iron bridges and struc-

tural iron work :

Great Britain
|

United States.... i\
"

1881. 1882.

cwt.
6,072
423

6,495

898
40

938

48,449

2.812

51,261

568,977
173,105
16,484
33,230
15,821
2,891

cwt.
5,858
530
92

6,480

1,091
133

1,224

69,810

4,019

31

r3,860

857,238
208,274
16,725

112,329
17,531

7,779

601,282
*209,226

55,430
10,594

319

66, .343

891,494
"328,382

79,855
8,856
2,337

91,048

1,411

1883.

cwt.
10,254
1,032

8

11,294

2,873
113

2,986

68,327

1,514

69,841

859,556
318,964
21,893
46,574
19,547
6,161

900,996
"371,699

81,312
7,163
3,294

1884. 1885.

cwt.

5,889
866
18

6,773

1,732
94
67

cwt.
5,621
605
21

6,247

1,286
324

2

1886.

cwt.

3,385
198

3,583

970
28

1,893

72,261
1

4,705
55
172

77,138
56

756,544

39,293

' 12,848'

808,685

82,594
8,370
1,023

91,769 91,987

1,106 15,536

65,944

65,944

47,035
1,205
190

48,430

12,508

71,658

1,411

60,663
129

60,792

47,781
3,356
467

51,604

14,392

35,272

2,045

3,151

68,903
139

69,042

73,600
2,4.36

394

76,430

7,850

29,671

1,696

17,232

78,689
966

79,655

44,815
2,203
525

47,543

25,328

69,786
58,630

1,612

60,242

2,468
54

334

63,044
54

637,169

34,079

"15,877

687,125

64,136
7,400
1,588

73,124

2,540

368

2,908

106,796
166

106,962

41,280
1,095
330

42,655

2,538

8,284
19,900

998

62,858

1887.

cwt.
2,422
684
11

3,117

57

943

99,636

3,764
58

66,622
58

657,058

4,048
121

32,843

17,666'

706,967

103,831
8,271
2,426

114,528

4,866

363

5,229

104,564
398

104,962

39,570
2,173
582

42,325

6,192
2,043
2,142

103,684
121

967,286

34,827

17,478'

1,019,591

106,117
5,993
939

113,049

4,015

3,354
176

7,369
176

112,670
172

112,842

32,971
2,098
703

35,772

36,944

9,835
692

Including sheet and coil steel.
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IMPORTS OF IRON AND STEEL MANUFACTURES.

Table hi.—Showing by quantities the articles of manufactures of iron and steel imported, etc.

—

Continued

Articles.
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IMPORTS OF IRON AND STEEL MANDFACTERE«.

Table hi.—Showing by quantities the articles of manufactures of iron and steel imported, etc.— Concluded.

Articles '
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IMPORTS OF I BOX AXD STEEL MANUFACTURES.

Table iv.—Showing bj' values the articles of manufactures of iron and steel imported into the Dominion
of Canada from Great Britain, United States and all other countries, classified as dutiable and free, for

the seven fiscal years 1881-7.

Articles. '.
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IMPORTS OF IKON AND STEEL MANUFACTURES.

Table iv.—Showing by values the articles of maniifactures of iron and steel imported, etc.

—

Continued.

Articles.

Bolts, etc.

—

Con

United States ',

Other countries

Totals
I

Canada plates

:

Great Britain
United States

Totals

Castings and forgings

:

Great Britain

United States .......

Other countries

Totals

Chains

:

Great Britain

United States

Other countries . ...

Totals

Cutlery :

Great Britain
United States

Other countries

T jtals

Edge tools

:

Great Britain
United States

Other countries

Totals

Engines* and boilers

:

Great Britain
United States

Other countries

Totals

Files and r.asps

:

Great Britain
United States

Other countries

Totals

Firearms :

Great Britain
United States

Other countries ..,.,.

Totals

qs
1881.

48,652

37

88,593

170J72

74,128
257,359

4,996

336,483

138,372
5,296
1,340

145,008

291,849
48,457
16,679

356,985

80,543
172,897

5,236

258,676

2,695

197,320
50

200,065

57,080
6,542
126

63,748

37,044
40,228
2,078

79,350

1882.

45,405

77,949
5,113

170,772 140,480
728

141,208

158,072
325,266

2,678

1883.

66,452
5,364

99,074
8,474

160,777
316

161,093

198,907
432,777

5,437

486,0161 637,121

138,155
11,184
3,240

152,-579

424,094
77,342
28,519

529,955

110,810
276,998

8,672

396,480

157,811
864,979

1,022,790

64,994
16,319

315

81,628

45,675
81,111
15,366

199,673
10,013
3,050

212,736

352,850
86,363
26,927

466,140

108,250
345,583
10,746

464,579

51,1491

994,028

1,045,177

77,297
29,002

42

142,152

106,341

72,710
98,407
17,209

188,326

1884. 1885.

36,535
3.481

11

60,681
8,183

172,774
2,653

175,427

239,569
406,293
22,406

668,268

130,389
8,601

2,388

141,378

269,604
53,290
21,235

344.129

63,405
247,005

8,531

318,941

21,372
535,900

46,638
1,030

63,607
3,632

218,164
492

218,656

133,606
302,243
12,541

448,390

112,365
5,826

1,604

119,795

209,164
50,453
22,389

557,272

59,098
31.002

602

90,702

47,366
»)4,686

13,438

125,490

282,006

41.441
204,487

7,183

253,111

4,706
120,352

125,058

48,702
22,615

733

72,050

47,044
68,316
9,964

125,324

1886.

45,124
1,165

96

61,790|
4.403

186,234
878

187,112

92,413
263,410
30,684

386,507

92,913
6,325
2,679

101,917

244,189
44,834
30,514

319,537

43,114
216,804

6,707

266,625

413
208,885

209,298

41,094

30,233
353

71,680

50,301
56,262
14,818

121,381

*Including locomotives.
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IJI PORTS OF IRON AND STEEL MANUFACTURES,

Table iv.—Showing by values the articles of manufactures of iron and steel imported, etc.

—

Continued.

Articles.

Hardware :

Gre^tit Britain
United States
Other countries

Totals

Hollow-ware :

Great Britain
United States
Other countries

Totals

Horse shoes and shoe
nails :

Great' Britain
United States

Totals

Iron bridges :

Great Britain <

United States I

Other countries

Totals
I

Iron in slabs, blooms,
loops or billets :

Great Britain
United States
Other countries

Totals

Locks :

Great Britain
United States
Other countries

Totals

Locomotive tires of steel;

Great Britain \

United States
j

Other countries -{

Totals
I

Machinery :

Great Britain I

United States I

Other countries

Totals
I

1881. 1882. 1883. 1884.

106,978
408,447

7,080

522.505

21,202
46,854

52

117,071
527,786

5,257

68,168

367
2,558

650,114

27,718
69,726

364

97,808

418
4,330

2,925

50,980

369,430

4,748

46,007

110,777
590,057

3,360

704,194

30,267
73,683
1,150

89.113
437,371

4,493

530,977

25,448
76,996

234

105,100

614
5,169

166,520

1 11,515

420,410

111,350
24

111,374

16,238
33,973

19

50,230

21,205

:212,527
11,515

222,010
46

5,783

27,810

134,545

162,355

264,801

5,017

222,056

19,839
62,501

36

102,678

955
5,730

6,685

101,066

310,057
322, .579

20.161

431,284
322,579

259,685
4,360

1885.

S
55,285
445,098

3,948

504,331

20,703
73,111

624

94,438

1,0751

2,640

1886.

79,297
621,204

9,086

709,587

23,889

85,399
519

109,807

3,715

11,576

37,178
77,154

66

269,818

15,868
57,033

38

264,045

10,876
70,880

17

48,820
77,154

286,776
246
712

3, J

275

1

4,163

194,728
8,916
9,886

287,734

8,916
204,614

247,740

72i

4,089

3J59

29,053

82,376

23,896

'

2.582

18,702

45,180

254,581
306,443
767,391
54,665

546

1,022,518
361,108

799,348

i,388,676

" "
7,38i

2,194,805

72,9391 81,773

11,457
64,390

18,2731 21,927

6,829

11,6

37,000

4,492

75,847

11,095

926

13,171 9,734

39,590 21,755

851, 850

1

1,899,920

5,800

2,757,570

2.59,942

175.531
1,099,776

4,645
4.921

136,996
20,734

780,114
1,798
4,164

15,506
67,022

6

82,534

20,713

'

2,2i7

17,208

40,138

1,364,639
180,1761

921,274
22,532

1887.

110,699
723,260
12,579

846,538

34,391
112,789

1,680

148,860

3,547

3,547

80,541

43,201
2,082

16,320

140,062
2,082

412,408
8,916
274

248,4611 421,598

13,421
69,845

144

83,410

16,357
8,069
4,104
923

21,3,32

10,948

41,793
19,940

130,471
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IMPOKTS OF IRON AND STEEL MANUFACTURES.

Table iv.—Showing by values the articles of manufactures of iron and steel imported, etc.— Oontinucd.

Articles.
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IMPORTS OF IRON AND S^TEEL MANUFACTURES.

Table iv.—Showing by values the articles of manufactures of iron and steel imported, etc.

—

Continued.

Articles.

I

Scrap :

Great Britain \

United States
j

Other countries. •\

Totals
I

Screws :

Great Britain
United States
Other countries

Totals

Sewing machines :

Great Britain
United States
Other countries ,

Totals

Sheet iron and steel

:

Great Britain \

United States
|

Other countries ....-!

Totals
I

"Skates :

Great Britain
United States
Other countries . .

.

Totals

Steel rails :

Great Britain
United States
Other countries

Totals

Stoves :

Great Britain
United States
Other countries

Totals

•Surgical instruments :

Great Britain

United States
Other countries

Totals

3 in

1881.

1,148

5^84i

8,807

23,295
4,101
4,743

32,139

44,408
148,929

193,337

267,544

'

21,72i

289,265

292
11,358

631

12,281

2,966,958
230

9,900

2,977,088

322
16,465

16,787

6,270
6,816
1,360

1882.

5,012

10,996

'

4^398

20,406

34,079
3,888
1,086

39,053

39,105
267,901

171

307,177

323,655

18,981

'2i6

342,846

1883. 1884.

S
I

'

38^518]

1,802 .

1801

3,412j

.

4,3001 3,9011

2,5621
1

2851 1,804|

7,776
4,765

27,4.35

3,981
559

31,975

95,543
227,040

614

31,082
2,857
1,223

35,162

31,534!

194,479!
2191

323,197

425,824

32,248 i

447,816
22,289
32,642
22,892

88

458,072 480,546
45,181

338
3,261
1,138

4,737

2,923,063
608,267

3,531,330

1,139

97

24,914

7,094
9,739
322

1,321
1,467

1,779

4,567

2,717,034
1,294,163

5,082

691
4,704
909

6,304

2,376,391
418,544

4,016,279

688

23,678f 48,339

1885.

S

41,115

3^867

'

1,293

44,223 46,275

28, 509

1

3,0851

1,686

33,280

2,402
166,595

149

226,232 169,146

375,409
89,947
32,428
22,704
2,236

2i

410,073
112,653

142
35,584

678

36,404

2,031,137
412,380

2,794,935

1,0361

2,443,517

423

16!

46,392

14,4461 17,155

49,043' 47,428

ll,923i 6,875
10,345! 5,558
2,990; 909

1886.

137,181

'

17,507

3^412

158,100

18,813
3,289
575

22,677

147,254

397,907
48,912
42,739
26,132

383

441,029
75,044

278
14,824

697

1887.

S

901
199,228

15
11,185

170
9,754

1,086
220,167

31,192
2,890

34,082

1,644 3,064
145,393 155,572

2171 .310

158,946

475,046
83,557
52,471
38,922
4,625
8,597

532,142
131,076

376
3,645

21,983

15,799 26,004

1,491,926 1,999,081
93,830 123,645

28,853
731

1,585,756 2,122,726

4691 580
22, 522 1 19,724

I
3

25,2581 13,342

29,349 22,991

3,526. 5,761
2,4101 3,559

728 1 788

6,6641 10,108

20,307

6,287
3,315
603

10,205
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IMPORTS OF IRON AND STEEL MANUFACTURES.

Table iv.—Showing by values the articles of manufactures of iron and steel imported, etc.

—

Concluded.

Articles.

Tubing :

Great Britain . .

.

United States .

.

Other countries.

Totals

Wire and wirework

:

Great Britain

United States

Other countries.

Totals.

Other articles

:

Great Britain

.

United States

Other countries.

.

Totals.

*Printing presses :

Great Britain. .

.

United States .

.

Other countries

.

Totals

*Tin plate :

Great Britain . .

.

United States . .

,

Other countries .

.

Totals

•{

Total imports

:

n ^ ( Dutiable,

P5

I Total

TT -J. J r Dutiable.United jRree....
States.

I Total ...

r Dutiable.
< Free
I Total ...

Other
countries.

( Dutiable.

Totals... { Free
(.Total ...

1881.

179,681
110,597

4,796

295,074

253,230
47,199

130,681
1,193

76,677

460,588
48,392

83,465
7,281

118,652

10,679

212,796
7,281

9,387
34,859

627

44,873

718,551

53,089

""66

771.706

4,016,189
4,055,953
8,072,142

3,620,041
280,334

3,900,375

190,314
21,318

211,632

7,826,544
4,357,605

12,184,149

1882. 1883.

307,133
124,57

7,334

439,041

318,304
38,429

135,071
2,572

116,445

569,820
41,001

106,025
8,934

142,179
9.58

6,106

254,310
9,892

5,312
79,359
4,710

89,381

355,059
355,656
43,639
93,045
1,154

399,852
448,701

6,050,301
3,818,933
9,869,234

5,561,851
837,994

6,399,b45

289,970
27,700

317,670

S
315,384
164,180
29,623

1884.

200,3551

124,148
37,695

1885. 1886.

178,937
88,297
7,550

509,1871 362,1981 274,784

389,176
81,573

149,714
8,183

59,554
1,429

598,444
91,185

121,748
5,868

144,358
95

9,437

275,543
5,963

9,203,
125,229'

783

242,078
79,206

113,022
43,004
52,656
10,274

407,756
132,484

67,629
23,597

151,578
2,459

39,633

135,215

723,024

84,172

258,840
26,056

8,980
111,282

4,187

124,449

608,264

"

i37^254

807,1961

179,042
70,539
87,740
52,903
65,653
8,032

332,435
131,474

74,617
11,317

129,126
301

67,862

S
165,698
94,395

40,864J

300,957

274,914
65,383

134,343
67,880
99,161
11,356

271,605
11,618

8,762
119,764

5,800

134,326

705,924

26,788

"ioo

645,518 732,812

6,698,185
3,947,819

10,646,004

6,759,223'

1,-566,118

8,325,341

257,228
26,9151

284,143|

5,149,530
2,983.024

8,132,554

4,850,658
827,222

5,677,880

303,774
12,114

315,888

3,957,372
2,350,942
6,308,314

3,409,947
583,048

3,992,995

278,715
9,405

288,120

11,902,122 13,714,636 10,303,962 7,646,034

4,684,627i 5,540,852 3,822,360 2,943,395

16,586,749 19,255,488 14,126,3221 10,589,429

508,418
144,619

59,616
2,582

107,439
1,973

14,676

181,731
4,555

5,776
79,878
3,732

89,386

619,971

124,849

1887.

317,078
78,334
61,28^

456,701

251,336
55,134

160,51.5

60,135-

75,689'

63,270

487,540
178,539-

101,925
8,227^

99,417
1,239
6,448
488

207,790
9,9.54

12,739.

71,711
6,724

91,174.

706,975

"

60,86L

744,8201 767,836.

3,992,711 5,303,201
1,990,186! 2,384,281

5,982,8971 7,687,482

3,674,450
260,929

3,935,379

333,239
14,768

348,007

8,000,400
2,26.5,^83

10,266,283

4,006,915
247,614

4,254,529

436,551
93,091

529,642

9,746,667
2,724,986

12,471,653:

*Not included in total imports.



SECTION IV.

MIXING LAWS AND REGULATIONS.

The mining industry of Ontario may be said to date its origin from the

year 1822, when the late Joseph VanNorman started a blast furnace in the |^'>-','l, ^^/Jg^n
county of Norfolk for the smelting of bog iron ore. Another furnace was *" <^"tario.

erected a little later by Mr. Hayes at Marmora, in the county of Hastings

who obtained from the government for mining and charcoal-making purposes

a tract of 14,000 acres in the townships of Marmora and Belmont. But
neither of those ventures seems to have awakened interest in mining affairs

in the province. The poor fortune of the second one may be said to

have deterred enterprise in this field ; and for the next twenty years the official

records do not give evidence of any activity in the sale of mineral lands, or

in search for the discovery of minerals or ores of any kind.

To the possible existence of a mineral region of some value on the north

shore of lake Superior some allusion was made by Mr. Logan in his renort ^'nenU re-
^

_

J o "3 -i v^^v^i u sources of the

on the progress of the Geological Survey of the province in 1843 Mr ^^PP^r lake

. .

-"^ region.

Logan himself did not visit the lake Superior country until 1846, but was
influenced " by the unprejudiced account regarding the mineral riches of the

southern shore furnished to the legislature of Michigan by the late Mr.
Douglas Houghton in 1841, in his report on the geological structure of the

upper peninsula of the state."* Mr. Houghton had been officially employed
for eight years investigating the mineral resources of Michigan, and it was in

the prosecution of his duties that he lost his life in 1845. "It is under-

stood," Mr. Logan wrote, " that he had visited the British shores of lake

Superior, and considered their mineral character much the same as that of

his own side of the water, though I believe he has made no published state,

ment to that effect."

Attention having been called to the possible mineral resources of our

upper lake region in this way, applications began to be made to the govern- Licenses to ex-

ment for license to explore the lands on the north and east shores of Jake
'''''^^®*^® ''^^''^"'

Superior and on the north shore of lake Huron, the pioneer in this enter-

prise being Hon. John Prince, who applied for the Spar island tract on 1st

July, 1845. Thirty-one applications were made in that year, thirty of which
were for locations on lake Superior. In 1846 the number increased to one
hundred on lake Superior and thirty-three on lake Huron ; but as the terms
of possession were not settled until late in this year, when the manao-ement
of mineral lands was transferred from the provincial secretary's office to the

department of crown lands, a large number of the claims were suffered to

lapse through failure to comply with the terms.

* Upper Canada Sessional Papers, 1847, Appendix AAA. See also Mr. Loo-an's Rpnnrf
of ProgreBs for 1843, S. P. 1844-5, Appendix W, " ^ ^

I
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The records of the department show that the extent of public land in

Sales of mineral the province sold for mining purposes during the past forty-four years (from

1845 to the close of 1888) was 709,335 acres, for which the treasury has

received $810,955, being an average of 61^ cents per acre in the period

before Confederation and $1.35| per acre in the period since. The first

regulations fixed the limit of a location at five miles in length by cwo in

breadth, or 6,400 acres, under which the Montreal company acquired 107,156

acres at 42^ cents per acre, and the Quebec and Lake Superior company

19,200 acres at 80 cents per acre.

In dealing with the subject of our mining laws it is proposed, first,

to refer to the opinions of witnesses upon their operation and the various

suggestions for their amendment ; secondly, to make a comparative study of

the laws of Ontario and other countries ; and thirdly, in light of the criticism

and comparison, to indicate some changes which seem to be desirable in our

own laws for the greater development and prosperity of the mining industry.

OPINIONS OF WITNESSES.

I. The mining laws of the province have been variously criticised by a

criticism. large number of persons whose testimony has been taken by the Com-

mission. By a few they are regarded as being well suited to the necessities

of a substantial industry ; but by the majority they are thought to stand

in the way of exploration and discovery, to favor the moneyed man at the

expense of the prospector, and to facilitate the locking up of large areas

for speculative ends.

Applications to purchase land under the mining act are required to be
Applications to • i i i i i i

purchase. made direct to the department, accompanied by the purchase money and the

affidavits of at least tw^o credible witnesses showing that the land is

unoccupied and unimproved (except by or for the applicant), and that there

is no adverse claim to his on the ground of occupation, improvements or

otherwise. It is claimed that the interests of explorers and intending

purchasers would be better served were the applications made to local

agencies and offices, as in the case of other public lands. At such offices

prospectors could be supplied with maps of the territory to be explored and

learn what lands are already taken up, besides being able to file claims

promptly. It is also suggested that officers with larger powers might be

placed at two or three of the principal agencies who could deal on the spot

with questions of title and other matters, thus saving a great deal of trouble

and preventing future litigation. They might be vested in part with the

authority of inspectors of mining divdsions, without setting in motion the

whole machinery of the mining division system.

The mining act provides that any crown lands supposed to contain

and mining oca- minerals may be sold as mining lands, and that where situate in unsurveyed
'°°*'

territory or in townships surveyed into sections they shall be sold in blocks

called mining locations. In the opinion of one witness lands should not be

taken up as mineral lands till the applicant has made an affidavit that he has

found mineral upon them and has produced specimens ; a second says that

no land should be sold as mining land unless a vein or other workable deposit

has been found upon it ; and a third thinks it would be a wise provision
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to prevent the taking up of minei'al land till mineral is shown to exist upon

it. By adopting this provision it is thought that the mineral-bearing districts of

the country would be more thoroughly explored, and that less extensive areas

would pass into the hands of speculators who buy up tracts on the strength of

discoveries made in the locality. One witness states that the whole of

Denison township, in which the Yermilion gold and copper mines are situated,

was bought up by parties who were never on the ground, and who knew

nothing of it except the reported discovery on the Vermilion location.

Concerning the extent of locations, and the number which one individual® '

_ _ _ _ . . Extent and

-or company may acquire, there is some diversity of opinion. The mining number of min-

act provides that in the territory north or north-west of the Mattawan and

French rivers and Nipissing lake, including the territory bordering on lakes

Huron and Superior and the river St. Mary, a mining location shall consist

of 80, 160 or 320 acres, while in all other unsurveyed lands it shall be as

may be defined by order in council ; but the act does not limit the number of

locations which one party or company may acquire by purchase from the

crown. The opinions of the various witnesses may be summarised as

follows : (1) The prospector should be allowed to take up a small quantity of A variety of

land, say 10 or 12 acres, instead of being compelled to purchase 80 or 160

acres. (2) In the case of iron more land should be allowed, as more is required

for works, fuel, etc. If the law compelled owners of properties to work them

the holding of large tracts would be less objectionable. (3) The size of a

copper claim should be about 80 acres, but for gold and silver it should be

100 by 200 feet. (4) For copper and iron the claims should be from 160 to

320 acres. (5) To carry on mining works like those of the Canada Copper

company it is a necessity to have large quantities of land. (6) The taking

up of large blocks of land has a tendency to prevent development and keep

out bona fide miners. A quarter section would be a fair limit, but for wood

supplies it ought not to be less than 400 acres. (7) A single location should

be forty chains on the course of the vein, and one man should not be allowed

to hold more than one claim. (8) The claim should be about half a mile on

the vein, and 200 or 300 feet wide. (9) To work a copper mine takes a great

amount of capital, and therefore a large quantity of lau'l is necessary in order

to be able to do anything ; but it is not in the interest of the country that

large areas of land should be tied up by one company. (10) The location

should be measured on the length of the vein, say about 1500 feet, and the

discoverer should be allowed to take two claims adjoining each other. (11)

It might be well that a man should be allowed to take 40 acres, if he did not

wish to take more, but 80 acres at $2 an acre is a very small matter. (12)

A length of 200 feet on the vein is sufficient for a gold mine, and a claim

should not be more than 300 feet on the lode ; but a man might purchase as

much as he liked afterwards, providing a certain quantity of work was done

on each claim. (13) The location should be about 80 acres, laid out as now,

and the sale of large blocks should not be allowed, except perhaps in the case

of iron. (14) The quantity of land sold to one party should be limited, or

the tax should be increased so as to force those holding on speculation to sell

or develop their property. (15) The selling of large blocks passes the land

17 (M.C.)
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into the hands of speculators, but the limit should depend on the quantity of

land that is going to be worked. The area would not so much matter if the

conditions for working it bore some relation to its extent. For copper, galena,

iron and other minerals about 160 acres is sufficient ; for gold and silver a

less area is required, but purchasers should have enough for the necessary

buildings, timber, roads, etc. (16) The limit would have to be fixed by

circumstances, but it is not right that one person should be allowed to buy

up a whole section of the country. If a man finds a vein, and it turns out

to be richer farther on, he should have the the right to pre-empt another

claim. (17) If the area which could be taken by one party was limited the

country would be more thoroughly prospected than it now is, especially

should successful development ensue in the district. (18) The sale of large

blocks has not retarded development or hindered prospectors, and on the

whole it has resulted in more good than harm ; but while a limit ought not

to be put on the extent of locations, there should be provisions as to develop-

ment. One of the reasons for wishing to have large properties is, that they

improve the chances of getting money to work the mines. (19) Capital is

very hard to get to develop mining properties, and it is most important to do

all possible to induce investment. Restriction of areas and compulsory work

would lead to evasion. The gentlemen whose views are given in the last two

statements have had considerable experience in procuring capital for invest-

ment in mining properties.

The act requires that in unsurveyed territory each mining location

tion^s^^
°* '°°^

shall be surveyed by a provincial land surveyor, and be connected with some

known point in previous surveys or with some other known point or boun-

dary at the cost of the applicant, and that each person applying for a tract

shall furnish the department with the surveyor's plan, field notes and

description, showing a survey in accordance with the act and to the satisfac-

tion of the commissioner. It is stated by witnesses that the costs of a

connecting line are in some cases heavy, and that it is not fair to make a pioneer

prospector pay for running this line when others may benefit by tying on to

Sugoestions. him. Among the suggestions are, that in mining districts the government

should lay out the country in blocks, as in the North-west territories, or run

north and south and east and west lines, that townships should be surveyed

as they are prospected, and that where a prospector locates six miles from a

surveyed township he should be allowed to stake his claim. It is thought by

others that all surveys of locations should be made by the government, as it

is often a hardship on the poor man to get his location laid out. Several

witnesses also suggest that iron pickets should be put down in making surveys,

as wooden ones are frequently destroyed by fires, thus making a new survey

necessary at the cost of the private owner.

Prospectors are protected in their rights by the regulations of the

department governing applications to purchase ; but it is stated that in

some cases claims are jumped, and that in others, through the inability of a

poor man to make cash payment for the whole purchase, his discovery goes to

some more fortunate man. The prospectors themselves are unanimous in the

opinion that a reasonable time ought to be allowed a discoverer to pay for

Protection for

prospectors.

11
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his location before ir is Jisposeil ot to any other applieaut. It does not

appear, however, that the diseoverer is ot'teii \vroiii:;ed through failure* of the

regulations of the department to proteet him, or that tlie jumping of elaims

is more than an oeeasional oeeurrenoe, especially where it ean l)e shown that a

claim lias been established by oeeupation or improvement. Still it is held to

be necessary that the prospeetoi should be carefully protected in his rights

for "capital will not explore."'

The right to stake out claims is oidy peruiissible under the act where a

mining division has been established, and the extent of a claim for on(> pc^rson

is limited to '200 feet along the vein or lode bv 100 feet on each side thereof '^i-'''* '.""^'^'^^"^

Witnesses are generally of opinion that a prospector should be allowed to

stake a claim on crown land in any part of the country and obtain his {latent

at the end of four or live years, on condition of [lerforming a specitic amount
of work yearly, measured by value or days" labor, the latter })referred as

being less favorable to the practice of fraud. Heveiul witneses, however)

would make the plan of staking claims liberal enough to allow tlie pirospector

to take 40 acr(>s or more, on or oil" the vein. One witness, Francis Andrews
of Sudlairy, would lix th<' limit at SO to 1(!0 acres, for the reason that he

thinks the occurrence of minerals in that district is not favorable for tlie

staking of claims on the vein : while another, ^Ir. Dawson of i'ort Arthur

does not believe that the plan would work well in his district, where quartz

mining prevails. The plan is favored chiefly because it is thought that it would

give eflectual protection to the prosi)ector.

Mining lands in the Huron and Ottawa territory are .«old at one dollar

per acre, and in the northern and north-western territory at two dollars per I'rieeof mincrii

acre, cash. Prospectors regard this rule as a hardshiji, and would pi'efer a 'if sai'J.

time allowance. One or two witnesses are of opinion that the service of an

explorer should entitle him to a free grant of one location, as few of tliem

are possessed of the means to pay ; another thinks it is the duty of the

government to get the best price for the land ; and others suggest that all

discoveries of mining land be reported to tlie department, examined by experts

and sold by auction, the same as timber limits, thus securing to the country

the benefit of the speculative value. Still another suggestion is, that the

discoverer might be allowed to hold the laml upon payment of ten cents an

acre yearly, till he is in a position to purchase it and take out the patent.

Under the mining division system any person holding a license is

allowed to mine a claim one year upon payment of a fee of live dollars, with Thoii^'onsin-

a right of renewal of the license. This is practically the same as the leasing
'

system, but the latter does not seem to be regarded with favor. One witness

says licensing has jiroved altogether a failure in this country, but another

thinks it might work well if the land was leased at such a rental that holders

would have to mine it or throw it up. Only one witness favors leasing out-

right, requiring development work for a certain time as a condition precedent
;

then giving a lease for twenty-five years at a royalty, with the option of

renewal for a like term.

By the mining act of 1869 all royalties reserved or made payable on

minerals or ores found upon patented lands were abandoned, both as to the
"""
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past and the future, and it was declared that no reservation or exception of

gold, silver, iron, copper or other minerals should be inserted thenceforth in

any patent from the crown granting lands in the province sold as mining

lands. Exception, however, is made of minerals in land located or sold under

the Free Grants act, which are reserved and are the property of the crown.

Two or three witnesses are of opinion that as a matter of arrangement a

person discovering ore or mineral on land already patented might be allowed

to work it upon payment of a royalty to the owner, and that such arrange-

ment might have the sanction or authority of law. Another witness states

that this is the practice in Germany, where one may go on any person's

property by obtaining permission from the government, and in case he can-

not agree with the proprietor on the amount to be paid the government steps

in and the matter is settled by arbitration. And the witness adds that in

his own experience of fifteen years in that country he never had any trouble

with the owners ; they were always glad to make an arrangement. But in

the sale of lands in Germany the minerals are reserved, and the government

claims a royalty of two per cent, in kind in addition to the interest paid to

the owner of the property. Only one witness ventures to say that it is

desirable in this country to return to the royalty system, and he thinks it

would not be unjust even to reclaim the abandoned royalties, as when selling

the land the government got nothing for the minerals.

Speculation in mining lands is regai'ded by nearly all the witnesses as

Speculation in baneful, and especially in cases where large blocks are held. The loudest
mining lanJs.

^ i ^ o
^

complaints are made in the lake Superior region, where a great deal of

territory is locked up. Nearly the whole country is bought up on speculation,

one witness states, and people are asking $1,000 to $100,000 for locations

upon which a dollar's worth of improvement has not been done.' Many people

come in, a witness of Denison township says, and finding the land all taken

up they go away and do not come back again at all. The holding of land

for speculative ends stops prospecting, keeps out bona fide miners and retards

the development of the country ; such is said to be the general effect. Two
witnesses only express a different opinion, one denying that the practice has

hindered prospectors or kept back development, and the other stating that all

the prospector can do is to find the mineral : capital has to take the risk of

developing it. The latter stands alone in opposition to the proposed remedial

measures ; restriction of areas and compulsory work, he says, would lead to

evasion. All other witnesses are agreed that the land should be held subject

to certain conditions of mining development, and several suggest that, failing

the conditions, the land should revert to the crown. The quantity of land

would not so much matter. Dr. Selwyn observes, if the conditions for working

it bore some relation to the extent of the area ; and this is the prevailing

opinion. One important feature of the evidence deserves to be emphasised,

viz. : that rich men are not the only owners of land held for speculation.

Many prospectors are also holding for the same object, having neither means

nor intention to work the properties they have acquired. Rich and poor are

in many cases alike indifferent to the economic fact that, in the words of one

of the witnesses, " the development of the property is what gives it value.

»
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The right to explore patented lands is suggested by several witnesses as

a remedy of the evil of locking up large blocks for speculation. It is thought
j^^teS'iTndL

that the owners of such lands would not object to an arrangement whereby

their property might be explored and a royalty paid to them on minerals

taken out. Some plan of this kind, it is claimed, would be in the interest of

the country, and even if owners of the land were compelled by law to enter

into an agreement with explorers, they could not reasonably complain of

injustice. Pros[)ectors should have the right to go on all lands held for

speculation, one witness says, and should be guaranteed an interest in whatever

minerals may be found or allowed to work them on a royalty, first giving the

owners of the land a certain time to explore and develop it before such a

provision of the law was allowed to come into operation against them.

Another advises that an act should be passed to enable an explorer to locate

a claim wherever minerals occur if the owner will not work them, subject to

a royalty of say 5 per cent, and 2^1 per cent to the government—companies

holding large areas to be compelled to take a fixed royalty or to work the

mines themselves. Mr. Gordon, who represents a large land company in

Haliburton, has no doubt that his company would willingly give prospectors

a half interest in anything they found, but does not consider that the

government should give the prospector a right to go on private land without

compensation. Mr. Cattanach, who has had a large experience with mining

enterprises, thinks it would be advisable, after lands have been patented five

years without development, that any person should be allowed to go on them

and prospect. This might be done by giving the discoverer the right within

a limited time of working the find, subject to payment to the owner of 25 per

cent, of the profits if the owner did not exercise the option of working it

himself within the same time and giving to the discoverer the same percentage

of profits ; either one being at liberty to take up the work on his own account*

under circumstances which would forfeit a claim under the general mining

laws. But he thinks that a law authorising an arrangement of this kind

should not apply to lands already taken up, as it would be an interference

with vested rights and tend to frighten foreigners who supply nearly all the

money that is spent in mining. It is not, however, within the knowledge of

any of the witnesses that a country which once abandoned all right and claim to

minerals on lands sold to private individuals has sought to reclaim the minerals

on such lands or to legislate for their development, either with or without

provision being made for compensation.*

Mining lands like other public lands purchased from the crown in the

unorganised districts are subject to a yearly tax of one cent per acre. This Taxation of
° •' J J I mimug- lands.

is supposed to operate against the practice of holding mineral lands for a

speculative object, and it is stated that many locations are sold every year

for arrears of taxes. One witness suggests that the rate should be increased

with a view to prevent purchase by speculators, while others are of opinion

either that it is sufficiently high now or that it is an utter failure as a scheme

for enforcing development of the property. One result secured by the system

*The South Australia law relating to mining on private property appears to contain such
a provision—implied, if not definitely expressed.
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Destruction of

timber by fire,

through the
wilful or careless

conduct of

explorers.

The miningr
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safety of
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of taxation is a change in the ownership of the property^ in many cases, but

that may or may not lead to any practical benefit in so far as concerns mining

operations.

The destruction of timber by forest fires is complained of by several

witnesses as inimical to the mining industry, and one witness states that in

some instances prospectors have no objection to the spread of fire as it uncovers

the rock, thereby facilitating the discovery of veins, and that they have been

known to start fires for that object. The same witness admits, however, that

it is difficult to ascertain if a fire has been set out purposely, but thinks it is

fair to presume that where a prospector leaves his camp-fire burning he

is guilty of criminal carelessness. In the lumbering regions greater care

is exercised for the prevention of fires than in regions where timber of no

merchantable value exists, and with the conjoint efforts of the government

and limit holders it is admitted that every I'easonable precaution is taken to

preserve the forests from destruction by fire.

The mining division system, as provided for in the mining act, does not

seem to be held in favor by prospectors, miners or owners of mineral land.

Two divisions were established in the province under the acts of 1864 and

1869, one in the Bay of Quinte and the other in the lake Superior district, but

after an experience of the system extending over several years the orders in

council creating the divisions were cancelled. The provisions of the act still

remain, however, and may be put into operation whenever or wherever it is

deemed expedient by the government.

Complaint is made by one witness of the injustice which may be done to

mine-owners in not allowing them to work a vein where it dips outside vertical

lines along the boundaries of their own property. He thinks the miner

should have the right to follow his vein wherever it goes, and instances the

wrong done to a Scotch company which spent $500,000 on a property and

had to abandon it because the vein dipped into an adjoining property.

Several Ontario mines, he states, are in a similar condition on this account.

It does not appear, however, that the mining act makes any provision for

such a case on mining locations. It is only in the case of mining claims

taken up in an established mining division that the miner's right in his

vein is dealt with. " The ground included in every claim," section 20 of the

act provides, " shall be deemed to be bounded under the surface by lines

vertical to the horizon ; except that every mining claim shall include and

shall authorise the licensee to work every dip, spur and angle of the vein or

lode laterally to the depth to which the same can be worked, with all the

earth and minerals therein." The right to follow the vein wherever it ma;y

lead seems to be implied here ; but, as previously stated, no provision is made

as to property right in a similarly occurring vein on a mining location.

No complaint has been made by miners or others of the absence of

provisions in the mining act for the health and safety of mining employes
;

doubtless for the reason that the number of deep working mines in the

country are few, and that so far, fortunately, accidents have been of rare

occurrence.
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MINING LAWS IN ONTARIO AND ELSEWHERE
II. A full account of mining laws in even the principal countries of the

world would take up a space far beyond the limits assigned to this part of Value of experi-

the report. Wherever mining operations are carried on the laAvs have

been changed from time to time as experience has seemed to show the neces-

sity for amendment, and the record of legislation in the United States and

Canada aloue would fill several volumes. Our experience in Ontario extends

now over a period of forty-four years, and if some wisdom has been gained it

is desirable to trace the steps of progress, and especially to learn what plans

and provisions have succeeded or failed, in the hope that we may be intelli-

gently directed in the way of further improvement. "We have also, doubtless,

Something to learn from the experiences of other countries, but as regards

^hese it will suffice, perhaps, to summarise the existing laws.

ONTARIO.
It does not appear that any laws or regulations concerning mines of

mining were adopted in this province previous to 1845, the first season or First reguia-
° '^

_
-^

^
_

tions in Ontario

exploration and discovery in the lake Superior region, and for the first year

each case requiring executive action was dealt with as it arose by order in

council. Several points settled in this way were embodied in an order

approved by the governor-general in council on the 1 2th of December, setting

forth as follows :

1. That the fact of having made prior explorations will form the ground of Explorer's rig:ht.

application for license to occupy and open the mines.
2. That each party will be called upon to furnish particulars of such explora-

tion, the several steps taken to obtain information, the result in detail of their Explorer to

discoveries, the character of the various veins or beds of ore, their pi'obable extent ^^^^^ '

and richness, and such other particulars as a rough geological enquiry by a scientific

man might be expected to furnish.

3. That, to guard against a perversion of the intentions of the government in

granting licenses, the different applicants should furnish the names of all the parties Licenses reserv-

forming each association, that no licenses will be granted to other than British sub-

jects, and that no transfer or assignment of interest will take place without the
sanction of the government unless the parties are British subjects.

4. That no license of occupation be issued until the provincial geologist or

other scientific agent of the government shall have had an opportunity of marking Scientific sur-

the boundaries of the several limits, and of examining and remarking upon the ^ ^^

'

statements furnished by the several exploring parties.

On the 7th April, 1846, the council fixed the extent of a mining tract or

location at one mile in front by five miles in depth ; and on the 18th of the
^'o^s'*^^'^*

^°''^

same month, upon the petition of parties interested in mining explorations,

the limit was extended to two miles in front by five in depth.

On the 9th of May a set of revised regulations was approved, providing Regulations of

as follows :

1. Each license to explore to have one location. One location.

2. A location to consist of five miles in length by two in breadth, the length size of location,

thereof to be with the course of the mineral vein.

3. The geologist to determine the direction iu the case of different courses on course of vein,

adjoining locations.

4. A land surveyor to fix the limits of each location, and forward a description Survey,

to the government.
5. Priority of discovery by exploration to be the foundation of priority of Priority of right,

right to any location claimed.
6. Reports pointing out and selecting a location to be classed according to Evidence of dls-

l^receipt, and to be the best evidence of discovery
;
possession by the erection and L^o^^rj-

i
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occupation of a hut to be the next best, and it shall not be competent for a party to
occupy more than one hut as a mark of location at the same time ; priority of
application to be the next best.

As to the tenure of locations, the government was for some time unde-

cided between a policy of sale in fee simple and one of conveyance by lease

for a term of twenty-one years. Finally an order in council [approved 7th

October, 1846, settled the terms of possession as follows :

The several license holders will be permitted to work the mines under the
authority of the licenses which they now hold, with the option, either now or afc

any time within the period of two years, to purchase the location of ten sqiiare

miles at the rate of 4s. per acre, payable one-fifth part iu hand and the balance in
five yearly payments with interest.

This regulation was followed by another on the 2nd of November, which

provided that a license-holder should be entitled to a certificate of location

from the commissioner of crown lands upon payment of £150, to cover the

cost of survey and other contingent expenses—this sum to be placed at the

credit of the locatee as a part of the first instalment when the sale was con-

firmed, and to be forfeited to the government in case of failure to make good

the payment of that instalment within the period of two years.

No further change in the regulations was made until 1853. A report to

council made by the commissioner of crown lands in that year represented

that the existing system of allotting mining tracts had not realised the antici-

pations formed of it, nor had it enabled individuals desirous of engaging in

mining pursuits to effect their objects without compelling them to purchase

locations of so extensive an area as to occasion a needlessly large expenditure

of capital on acquiring a right to explore and mine where the indications were

favorable. Therefore he advised such change in the regulations as would

combine, with a right to explore during a limited period on favorable terms^

the privilege of purchasing tracts of very moderate extent, providing the

exploration proved satisfactory. In accordance with the commissioner's

recommendation, regulations were adopted to the following effect

:

1. That upon payment into the hands of the commissioner of crown lands of

the sum of £25, that officer be permitted to issue a license to any individual author-

ising him to explore upon any unconceded lands within the limits of any such
county or section of country as he may desire to be inserted, situated within the
boundaries of Upper Canada, for copper, lead, iron, tin, marble, gypsum, earth or
minerals.

2. Such license to remain in force for a period of two years, and to author-

ise the individual in whose favor it was issued to take possession of a tract not
exceeding 400 acres and not already occupied by any other person—such tract to

be in the projjortion of 40 chains front by 100 chains in depth.

3. The license-holder to report his discovery and selection accurately by letter

and map within six months from the issue of his license, accompanied by an affi-

davit made by himself and some other credible persons, proving that no counter

occupation or workings exist.

4. And at the expiration of such term of two years, during which the license

shall have force, he shall complete a purchase, paying the consideration money in

one sum, at the rate of 7s. 6d. per acre, or, failing to do so, he sl^all be regarded as

having abandoned such right to purchase.

The next important change in the regulations was made on 15th March,

1861, when the following Avere substituted for the regulations of 1853 :

1. That for mining purposes tracts comprising not more than 400 acres each be

granted to parties applying for the same, at the rate of $1 per acre, to be paid
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in full on the sale, the applicant furnishing a plan and description of the locality to

the department of crown lands, and on condition that such mineral location be
worked within one j'ear from the date of grant.

2. That no patent therefor issue until two years from the date of the pur- Condition of

chase, and then only upon proof that the purchaser or his assignee has continued to ''^ ^"*'

work said location bona fide for at least one year previously.

3. That the fee of ^100 (£25) for permission to explore, now charged, be Explorer's fee

aboUshed.
abolished.

4. That locations be sold to the first applicant agreeing to the terms above Prior claim,

specified.

5. That these regulations shall not apply to mines of gold and silver.

On the 21st of April, 1862, another radical chansre was made in the Regulations of
18&2

regulations; simplifying them as to the conditions of purchase, but providing

for a royalty ou the ores. The new order set forth :

That in all future sales of mineral lands a royalty of 2i per cent, on all ores

extracted be charged, payable in cash, on the value of the ore prepared for market Royalty,

at the mine, and that letters patent be issued for such lands on the payment of the

purchase money without any additional conditions ; also that lots in surveyed
townships, presenting indications of minerals, be sold at the same price per acre as

the lands adjacent, subject to the above-mentioned royalty.

Those conditions of sale and location of mineral lands were asrain changed Regulations of
'^ " 1864.

on 3rd March, 1864, by the substitution of the following regulations :

1. That the tracts shall comprise not more than 400 acres.

2. That the dimensions of the tracts in unsurveyed territory be 40 chains in Dimensions of

front by 100 chains in depth, and bounded by lines running due north and south, ''^'^^s.

and east and west, or as near to these dimensions as the configuration of the locality

will admit.

3. The applicant for a tract in unsurveyed territory must furnish a plan and Plan to be

description thereof by a provincial land surveyor. furnished.

4. The price shall be $1 an acre, payable on the sale. Price.

5. That a tax or duty of 81 per -ton be charged ou all ores extracted from the
tract, payable on removal from the mine. This condition applies to all mining Tax substituted

lands sold since the 1st day of April, 1862, and is in lieu of the royalty of 2^ per ^°'" i"°J"^l*y-

cent, chargeable on the ores from these lands.*

6. That in surveyed townships lots presenting indications of minerals be sold pri^gj^g^j..
on the above conditions, but at not less than $1 per acre in any township, and at ed townships,

the same price as the other lands in the township when it is more than $1 per acre. Limit of pur-
7. That not more than one tract of 400 acres be sold to one person. chase.

The first mining act of the united provinces of Upper and Lower

Canada, known as the Gold Mining act, was passed in the session of 1864, The Gold Miniuo^

and received the royal assent on the 30th of June. It was an act of 40

sections, drawn up with great nicety and particularity for the working of

quartz and alluvial mines and for the protection of miners' rights in their

locations. It provided for the institution of mining divisions, for the

appointment of inspectors of divisions with large powers, for the staking of

claims, for licenses to mine, for licenses to mill, for sworn returns of gold

taken out, for preservation of the peace, and generally all the legislative

trappings of a placer-diggings gold land. Following is a summary of its

chief provisions :

1. The divisions were created by order in council, and an inspector for each
division had the administration of the act in his hands, within the limits of his Mining dimion
tract. This officer was clothed with power to settle summarily all disputes as to ^"'^ inspectors,

extent or boundary of claims, use of water, damage by licensees to others, forfeiture

^By an order of 10th June following, it was provided that this duty should not come into
efifect until 1st April, 1865.
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of licenses, and all difficulties and matters arising under the act or offences against
any of its provisions, and generally his decisions were to be final.

2. The act made it unlawful for any person in a mining division to mine for

gold either for himself or any other person, except under a crown lands or a private
lands license ; but it was generously provided that no license fee should be exacted
for exploring for gold until the precious metal was discovered. The crown lands
license was issued at a fee of $2 per month, and authorised the holder of it to stake
out and mine one claim on any unsold crown lands within the mining division.

The private lands license was given for a fee of $1 per month, and authorised the
holder to mine on private land with the consent of the owner to the limit or extent
agreed upon between the parties. It was allowable, however, for any proprietor
of a lot to take out a license for each miner working upon his land, in the name of

such miner. To entitle himself to renewal of license the miner was required to

make a full and true statement upon oath of the labor performed and the gold
obtained by him during the term of his expired license.

3. The dimensions of an alluvial claim were, if on a river or large creek, 20 feet

front by 50 feet to the rear, from the water's edge ; if on a small creek, 40 feet

front by 50 feet to the rear, from the centre of the stream ; if in a gully, 60 feet

along the gully, from hill to hill ; if on a surface or hillside digging, 60 feet square
;

and if in the bed of a river, such size and position as the inspector might determine.

For a quartz claim a person might take 100 feet along a lead by 100 feet on each
side, from the centre of the lead ; but companies of two or more persons might
stake out and work additional feet along the lead within the proportion of 25 feet

for every miner, not to exceed 500 feet, and work the claim jointly.

4. Claims were to be laid out as far as possible uniformly in rectangular shapes,

measurements to be on the level, and all claims to be bounded under the surface by
lines vertical to the horizon.

5. On crown lands licensees had the right of continued occupation of a claim

subject to the condition of continuous working and withovit intermission for a longer

period than one week, and subject also to compliance with the requirements of the

act and the regular renewal of licenses ; ,and no person was allowed to occupy at the

same time more than one claim on crown lands.

6. The discoverer of a new mine was entitled to a license free of fees for

twelve months for one claim of the largest area ; but no one could be regarded as a

discoverer uuless the place was at least three miles from the nearest known mine
on the same cpiartz lead, or at least one mile at right angle from the course of the

lead, and if in alluvial workings at least two miles from any previously discovered

mine.
7. No mill or other machinery for crushing or reducing ore in a mining division,

other than hand mills, ^could be used without license, issued at a fee of $5 per

month ; and a full and particular statement under oath was required to be made
monthly to the inspector by the mill-owner, giving the name of the owner of each

parcel of quartz crushed, its weight and the yield in weight of gold from each parcel.

This Act did not make any change in the March regulations of the same

year. But on the 12th of April, 1865, it was ordered that the clause requiring

payment of one dollar per ton on all ores extracted from lots sold as mineral

lands should no longer be inserted in the grants of such lands ; and also that

in letters patent for lands on the shores of lakes Huron and Superior the

clause reserving all mines of gold and silver might be omitted at the

discretion of the commissioner of crown lands. So the regulations stood

until 13th July, 1866, when the following changes were made in respect of

all minerals and ores excepting gold and silver :

1. Each regular mining tract in unsurveyed territory to consist of blocks of

200 to 400 acres ; the tracts to be surveyed by a provincial land sur^^eyor and

connected with some known point in previous surveys at the cost of the applicant
;

and the applicant to furnish the surveyor's plan, field notes and descriptions, and

pay the price of one dollar per acre to the department of crown lands at the time

of making application.

2. In surveyed townships lots that present indications of minerals to be sold

on the above conditions, but at not less than $1 per acre in any township, and at the

same price as other lands in the township where it is more than ^1 an acre.
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3. Mining lands in surveyed townships to be sold by the local agents for cash, gy ^^^^^ ^^ ^e

but all lands in unsurveyed territory to be sold by the department. sold.

In respect of gold and silver the regulations provided that in gold

mininor divisions the department should discriminate as far as practicable Gold and silveror •
royalties.

t)etween purchasers for actual settlement and those for mining and specula-

tive purposes ; and that " in all letters patent for lands the clause reserving

all mines of gold and silver be omitted."

On the last day of the session of 1868, being the first session of the

legislature of Ontario under Confederation, a bill was introduced and put The Gold and
° ' Silver mining'

through its several stages under the title of an act respecting Gold and Silver act of ises.

Mines. It was based on the act of 1864, but, in consequence of recent

discoveries of silver on the north shore of lake Superior, its provisions were

made to extend to silver as well as gold. The commissioner of crown lands

in introducing his measure stated that the act of 1864 had imposed a fee The miner's
®

_

' license and
under which parties were allowed to work gold mines instead of a royalty, royalty system,

but as this plan was proved to be practically a failure he proposed to substi-

tute a miner's license and royalty instead of a fee. Among the new or

amended provisions of the act were the following :

1. That on payment to him of a fee of $5 an inspector of a mining division

might grant to the party applying therefor a miner's license for one year, with the Miners license,

right of renewal on payment of the same fee, and authorising the holder to explore
and mine for gold and silver one staked claim on any unsold or unoccupied crown
land in the division.

2. That for alluvial mines a claim on any river, creek, gully or sidehill should
be 100 feet square ; and for quartz mines, 150 feet along a lead by 100 feet on each ^'ea of claims,

side measured from the centre, with 100 additional feet for each miner of a company
of two or more to work the claim jointly, not to exceed 1,000 feet altogether.

3. That the proprietors of a'l private lands in a division should have the right
to mine tor gold and silver on their own lands, subject to a royalty of two to ten Royalty,

per cent, as fixed from time to time by order in council, and that payment of the
same royalty s-hould also be required of all miners working claims on crown lands

;

each licensed mill-owner to keep back and pay the royalty on each lot or parcel of

quartz as crushed, as shown by his books, and to be allowed five per cent, on the
amount paid over by him to the treasurer of the province for his remuneration.

The measure did not carry, however, without severe criticism. It was

declared that a retrogade line of policy was being adopted, that several of the meMur™
°* ^^"^

provisions imposed substantial fetters on transactions, that the effect of the

royalty would be to drive miners away, and that such a policy was most

unwise in view of the hopelessness of developing our mines except with

foreign capital. To these objections the government replied by stating that

they had not been able to procure sufficient information upon which to frame a

perfect or final measure; that this one was in the nature of an experiment until

the next session of the legislature, when a more matured scheme would be

presented ; but that they were prepared to stand or fall on the royalties.

During the recess several petitions were presented to the government
for and against the provisions of the new act, and in the following session a

bill was introduced and carried which, with one amendment, has remained Minin- act of

the mining act of the province to the present time. Following are its chief

provisions :

1. All royalties reserved by any patent, and all taxes or duties made payable All royalties
upon ores or minerals taken from lands granted by such patents are repealed and repealed and

abandoned, and lands, ores and minerals are henceforth free from every royalty,
^^'*°'^''°^*^-
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tax and duty
; and all reservations of gold and silver mines in any patent already

issued are made void, no reservation or exception of any minerals to be hereafter
inserted in any patent granting lands mtlie province sold as mining lands.

2. Any person may explore lor minerals on any crown lands not marked or
staked out and occupied.

3. Crown lands supposed to contain minerals may be sold as mining lands, and
to be known as ' mining locations ' when situate in unsurveyed territory or in
townships surveyed in sections ; or may when f-ituate within a mining division be
occupied and worked as ' mining claims,' i nder miner^' licenses.

4. Mining locations in the unsurveyed territory north or north-west of
Mattawan river, lake Nipis.-ing and French river, including the territory bordering
on lakes Huron and Superior and the river St. Mary, must be rectangular in shape
and of one of the following dimensions, viz. : 80 by 40 claims containing 320
acres, or 40 chains square containing 160 acres, or 40 by 20 chains containing 80
acres ; and in townships of the same territorj' sui'veyed into sections each location
must consist of a half, a quarter or an eighth section ; but iu unsurve^^ed lands
outside of said territory the extent of locations is as may be defined by order in

council.

5. Mining locations in unsurveyed territory must be surveyed by a provincial
land surveyor and connected with some known point at the cost of the applicants,
who are required to furnish the department the surveyor's plan, field notes and
description, with their application.

6. The price of all crown lands sold as mining locations in the northern
territory was 8 1 per acre until 188G, when by amendment of the act it was raised

to $2 per acre.

7. The patents for all crown lands sold as mining lands reserve all pine trees

on such lands, and any person holding a license to cut timber on such lands may
cut and remove the pine ; but the patentees may cut and use a'=; many trees as may
be necessary for buildmg, fencing, fuelling and mining purpo.-es, and all trees

required to be removed in clearing the land for cultivation.

The remaining provisions of the act refer to mining divisions, and are

based on those of the acts of 1864 and 1868, but with the sections which

jDrovide for the leasing of gold and silver mills and the payment of royalties

omitted. The clauses relating to alluvial claims are also omitted, and the

dimensions of a claim are extended to 200 feet along the vein by 100 feet on

each side of it, measured from the centre, but with the same limitations as in

the act of 1868 in the case of two or more persons working a claim jointly.

The rules as to laying out claims continue as in the act of 1868, but the

section defining the bounds of a claim under the surface are amended by an

additional clause. The act of 1868 provided that "the ground included in

every claim shall be deemed to be bounded under the surface by lines vertical

to the horizon;" to which the act of 1869 adds the exception "that every

mining claim shall include and shall authorise the licensee to work every dip,

spur and angle of the vein or lode laterally to the depth to which the same

can be worked, with all the earth and minerals therein." The effect of this

qualifying clause, however, is not very clear.

The general scheme of this measure, as explained by the commissioner

of crown lands on the second reading, was to encourage practical miners by

opening to them a promising mineral district under the leasing or licensing

systeta ; and also to encourage capitalists by enabling them to get possession

of large blocks by purchase. As originally drawn, th« bill fixed the area of a

mining location at 320 acres, but the views of member's were met by fixing

the minimum at 80 acres for the accommodation of explorers and practical

miners. Several leading members urged that miners should be allowed

to take up 40 acres. No provision was made for the working of locations
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for the reason, as stated by the commissioner, that experience had shown

them to be ineffectual. Neither was any limit placed on the number of abaudoned.°°*

locations one person might purchase, because a former regulation limiting

an individual purchase to 400 acres had failed of its object. It had been

evaded by persons taking up other lots in the name of their friends. Frauds

of this kind, it was said, could not be prevented by statutory enactment,

and it was idle to cumber the statute book with provisions which were sure

to be evaded. It was only in the case of mining claims—small blocks of 200

feet square—that provision was made to limit individual holdings and to

impose* working conditions. Only the discoverer of a mine is entitled to

two claims, and the claim of any licensee is forfeited upon its remaining

unworked a specified time. No regulations have been made under the act.

QUEBEC.
The mining act of the province of Quebec consists of 161 'articles' or

sections, and is similar in its leading provisions to the French mining act of acT
^'^ mining

1810. Following is a summary of the act :

1. In letters patent for lands granted for agricultural purposes the reserve
of mining rights to the ci'own is assumed and these rights are a property separate Minini,' rights

from the soil, constituting a public property independent fi^om that of the soil reserved to

which is above it, unless the proprietor of the soil has acquired it from the
crown as a mining location or otherwise.

2. Any person who obtained a lot of public land for agricultural purposes pre-

vious to July 24, 1880, who discovers a mine upon it, may purchase the mining Private owner

rights reserved by the government by paying in cash to the commissioner over and the" reserve'd
^

above the price already paid enough to make up ^2 per acre if for gold or silver, rights.

and 81 per acre if for copper, iron, lead or other baser metal ; and in the case of land

sold for agriculutral purposes without reservation by the government, the owner
who discovers gold or silver upon it may work the same without license by paying
to the commissioner, over and above the price already paid, enough to make up
a total of $2 per acre. If on lands granted for agricultural purposes sine-: March 9, Phosphate of

1878, phosphate of lime has been discovered, the owner if he wish to work the l™\ase
mine must pay to the commissioner enough to make up a sum of $2 per acre

; metals.

and in the case of discovery of any of the base metals he may acquire the same
right upon payment of enough to nmke up .SI per acre. If on lands purchased
for the purpose of mining for base metals the owner discovers a mine of gold or
silver, he may work such mine upon payment to the commissioner over and
above the price already paid enough to make up a sum of $2 per acre ; and the
same rule applies in case of a discovery of phosphate of lime upon lots sold since

March 9, 1878. But the lieutenant-governor in council has power to increase the
price per acre of lands found to contain minerals, beyond the foregoing specified

prices.

3. The lieutenant-governor in council may claim at any time the royalty due to

the crown upon any land sold or otherwise alienated ; and, unless the rate is Royalties,

otherwise established by title from the crown, it shall be 2^ per cent, on the gross
amount of gold or silver and fifty cents on each ton of phosphate of lime in its

raw state.

4. The lieutenant-governor may by order in council erect any portion of the
province which he may think proper into a mining division, and enlarge, diminish

^'^n-""
**'^ '"

or abolish it as he sees fit.

5. All lands supposed to contain minerals or ores in the province may be
acquired from the commissioner by sale and patent as a mining location, or be occu-
pied and worked as a mining claim under a license. Mining rights under tlie soil tionrand*^*
belonging to the crown may be acquired from the commissioner by sale or lease, mining claims,

or by license or permit of occupation, by the proprietor of the soil, who has a
preferential right to purchase of the mining rights ; and in the event of the pro-
prietor of the soil refusing or neglecting to work the mines, any miner may acquire
the rights after putting the proprietor in default and paying upon mutual agree-
ment or the award of arbitrators all the damages and losses which he may cause in
minmg under the soil. The price of the sale, the amount of the lease and the fee

I
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for the leasin- or r-.yalty and all other conditions are fixed by the leutenant-govemor

n c uncir I well as the f<.nn or extent of the underground mn^mg locations,

fndri a vri ten permission to that effect from the Connnissioner any person may

m"speJ or n. nerals or ores upon public lands not already occupied as mining

cl-ns or otherwise; but the person obtaining such a permission is required to

accompany Im application with a fee of .^2, to give an e.act description of the ot

Wdre and to furnish sutticient security for losses or damages which he may

case to the owner of the soil in making searches : and he is required to make a.

re ort of hi operations within one month after the expiration of his Permis ion

^

G No sales of mining h.cations containing an area of more than 400 acres can.

be mvle to the same person, excepting that upon sufficient proof of his capital and

isomiV he lieutenant-governor in council may grant a k.cation no to exceed

800 acres Miniiu-- locations are divided into three classes those of the farst con-

S^hS^OacL 52 chains m width, those of the second ^0^,/--/*;^;^-^.^^
width and those oi the third 100 acres 13 chains m width In unsul^e^ec

^^toiy "he locations are required t<- be surveyed by a provincial land survey or

actin Glider the instructions if the department of crown If"^^^-^"^
mus be -

nectecl w th some known point in previous surveys and such surveys are requ ed

to be made at the cost of Ihe applicants and the plan and held-notes furnished to

the denartment along with the application to purchase.
the f'^P^,^^^^;^^^ »

^^^ -^^^ l^ eash fur h.cations at the rate of .^2 per acre

If f..; die work S' of g..ld,'silver or phosphate mines, and .^1 per acre if for the mnmig

of baseii ehxk «re «« sold unless there be real mdications of the

nLs:?ice of linerals. proof of which must be shown by specimens found upon or

the lands and affidavits of competent and credible persons establishing that the

spe imens came herefrom. All trees of pine or spruce twelve inches and upwards

Sdameter.m lands sold as mining locations are reserved to the crown, out, the

vner of o at ons

^

the nuht^o take for their own use such trees as they

av reuii e for tLir operations. The patent for a location sold as either gold

1 silver m nil "land is granted only after proof has been given to the satisfaction

o l:^S.mer that mining h.i been commenced ^^^^^^^^'^'^iS-
^nd a sum of not less than ^20U has been expended by the puichaser ot tne loca

;^n and it sch mining works have not been commenced and $200 expended

iftor'tw conse^Uiveveal's, the land may be confiscated by the commissioner and

:
'tin so d to any other person. In a mining division every miner is required to

bt thi fr in the inspector a license, at a fee of $2 for every three months,
obtain 1^- ^^^^'^

J^«
.^^. ^^i,,i,i,;„, are under the general control of the commis-

sioner, including hispectoi/and policemen and every inspector or other officer who

Sceives rmblic moneys is accountable to the commissioner therefor.

rLcrise t^vorkn^^ by the inspector of each mining divi-

sion uid the insect' -r is b to°keep a register of licensees and a description

nnni^tcHims taken which is open to the inspection of any one upon payment

;;1 !; Jee'^iw^y c^- in the case of mines beyond the limits ot mining divi-

sion-; tl.p commissioner may grant licenses at his discretion.

10 iC 1 ector or other officer of a mining division may a any time enter
iU. inLinqec

mined and examine the works upon

S^^ritinX ^tl^-pn^-or^mp^
;. vv for the purnose -but no insi.ector can either directly or indirectly take any

:J;;r:t^U^\^tkm^ ofmines in the division for which he lias been appointed widi-

; renderhi^^ himself liable to disnussal from office and to a fine not exceeding HOO

n Eviv person, firm or company is prohibited from mining for gold oi

sUve in a inning division, either upon private or public lands without having

prev .. slv ained a license for himself (firm or company and for and in the

.'.of every Pers..n employed and working on the property m any way whatever

;; i tie ca e of mining locations acquired by purchase from the crown the

•sons w n'kin- them are rcpiired to take out only one license for every mine at^2

};;; cv:;;;ihr.^e1.ii'nths ; and^my person who contravenes these provisions is liable

''"^y^'tcensestomhie for gold and silver are of three deso-iptions vi^: ^
Privde luids' <^old or silver license, granted upon payment of a fee of fl per

lieu of fees.
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13. In the case of mines on private lands the owner may take out a license

and mine on his own land as a preferred right, pi'oviding thab he has not divested

himself of his mining rights in favor of a third party ; otherwise any person
jjj^^gg q„ p^j.

holding a private lands' gold or silver license may apply to the owner of the land vate lands.

by petition, representing that he is ready to pay damages arising from mining
operations to be assessed by mutual agreement ; and should the owner decline to

avad himself of the right to mine the property, or refuse to come to a mutual
undei-standing with the petitioner, the matter can be decided by ai-bitration.

14. The holder of a license to mine for gold or silver upon public lands has Public lands'

a right to take out one claim in a mining division, nr upon unoccupied puVjlic lands, license.

by staking and working the claim.

15. The size of a claim for alluvial mines on a river is 40 feet front by 80
feet deep, from the water's edge ; on a small stream, 60 feet front by 100 feet

deep, from the centre of the stream ; in a gully, 100 feet along the gully and from ^'^e** °'" alluvial

hill to hill ; on a plain surface or hill-side, 100 feet square ; and for working the claims!'*'^

^

bed of a river, such size and position as the inspector may determine. For quartz

mines the size of a claim for one person is 150 feet along a lead by 25 feet on each
side, measuring from the centre ; and for companies of two or more persons,

50 feet additional in length for every additional miner, not to exceed 700 feet,

and they may work the claim jointly. Claims are laid out as far as possible in

quadrilateral and rectangular shapes, measurements are horizontal, and the land i-'nderground

included in each claim is deemed to be bounded under the surface by lines perpen-
dicular to the horizon.

16. Every licensee, after staking out a claim upon private or public lands or

acquiring a mining location, is bound to give a written notice to the mining Notice of

inspector within thirty days, indicating where the claim is situated, giving a com- staked claim

plete description of it, and showing how and when it was staked out ; and no the inspector,

person can occupy at the same time more than one claim on crown lands except in

the cases of claims rendered temporarily unworkable. The discoverer of a new
mine is entitled to a free license for twelve months for one claim of the largest

area ; but no person is considered a discoverer of a new mine unless the yjlace of ^'^S^^ °^ *^^^-

discovery if upon a known lead is at least three miles from the nearest known
mine on the same lead, or one mile at right angles from the course of such lead.

Every person holding a license is bound upon renewing it to n ake to the inspector License holder

of the division a full and true statement under oath of the work performed and
[J!,^eratkms"

the gold or silver obtained by him during the term of the expiring license.

17. The sale or exchange of intoxicating liquor within a radius of seven miles
of any mine in operation is prohibited unless a license therefor has been obtained Liquor licenses

from the inspector of the division ; and the inspector alone may refuse or grant '" ™ii""? ^^'^-

such licenses, or cancel them, within a radius of seven miles of a mine.

Various other provisions of the act refer to mill-owners, the mining and

crushing of ores, penalties for contraventions of the act, regulations respecting other provi-

mining, powers and offices of mining inspectors, etc. The commissioner of
' sions.

crown lands is authorised to procure geological explorations or other Geological

searches of the country in order to ascertain what lands contain ores or and surveys

valuable deposits, and to make surveys of the limits of mining locations, divisionsr

He may also reserve from sale for colonisation purposes lands in which the

existence of mines which may be worked has been established, and may lanfis by pubUc

offer them for sale from time to time by public auction at an upset price of ^^^ "^""

$2 per acre, and the entire price is payable in cash.

NOVA SCOTIA.
The law of Nova Scotia i-elating to mines and minerals was consolidated

in 1884, but has since been amended in some particulars ; it consists of 138

sections. The regulations of mines are also statutory, and follow very closely J^^jon^"^
^^^

the British regulations of 1872. The administration of the law and regula-

tions is entrusted to a commissioner of mines, whose office hours extend from

10 in the forenoon to 4 in the afternoon (but closing at 1 p.m. Saturday), and
all applications made at other times than within those hours are void. The

I
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commissioner is also assisted by a deputy and an inspector,—the latter being

required to possess the qualifications of a competent, scientific practical min-

ing engineer, whose duty is to visit and inspect the various mines belonging

to or under lease from the crown and report on their working, means pro-

vided for their safety, payment of rents and royalties, etc.

As regards gold and gold and silver mines, the act provides :

1. Upon the discovery of such metals or ores in any locality, the governor in

council may declare the locality to be a gold district, fixing its limits; and the

commissioner is required to keep in his office books of record for all districts or

places in which applications for leases and prospecting liceiises are entered, together

with plans of disti'icts on which all areas a^jplied for are designated by numbers.

2. Quartz mines are laid off in rectangular areas of 150 feet lengthwise of the

general course of the strata by 250 feet across, each area bounded by lines vertical

with the horizon ; and alluvial mines ndiich may be under lease are required to be

laid out on the same plan when surrendered to the crown, and subject to the same

rents and royalties as quartz mines.

3. A ppllcations for leases of areas are made to the deputy commissioners of

the districts, or to the commissioner where there are no deputies, each of which

must define in writing the area or areas applied for and be accompanied by a pay-

ment of 82 for each area ; and where a lease is granted on private land the lessee

is required before making entry to obtain permission from the owner, ei'her by

terms mutually agreed upon or by arbitration between the parties.

4. All leases are for a term of twenty-one years, but the owner may surrender

at any time by notice ; or they may be forfeited on failure to comply with the

stipulations.

5. Each lessee is required to put on everj^ area comprised in the premises

covered by his lease the equivalent of forty days' labor each year ;
or three-fourths

of the days' labor per area in the first year if the number of areas held be ten or

more but less than twenty in the same district ; or one-half if holding twenty or

more but less tha:i thirty ; or one-fourth if hokbng thirty or more. The total of

mining areas held in a district by one person cannot exceed one hundred, and the

law islield to be compUed with in the case of a person wdio expends on one or more

areas an amount of labor equal to what is required to be performed on the whole
;

and in the event of a lessee failing to expend the whole of the labor so required

he is permitted to retain areas proportioned to the labor bestow^ed, but the areas

so retained must be as far as possible in a compact block. When the stated labor

has been emploved on the premises for a period of ten years the lease is not

liable to forfeiture for non-compliance with this requirement during the remainder

of the term.

6. Any person occupying and staking off areas (not exceednig 100) outside ot

a proclaimed gold district is entitled to a license or lease in preference to any oiher

applicant, and is allowed one week thereafter for making his application, and

twenty-four hours additional time for every fifteen miles distance of the property

from the office of the commissioner.

7. The commissioner may issue prospecting licenses to search for gold a,nd

silver on territory not exceeding one hundred areas, to remain in force for a period

not exceeding six months, at a fee of fifty cents per area up to ten, and of twenty-

five cents for every area in addition ; but before the license is issued the applicant

must enter into a bond with two sureties to recompense the owner of the soil in

the event of entry being made on private lands for damages done, to make returns

at the expiration of the license and to pay the royalties. Such license may be

renewed for a second period of six months upon payment of half the fees required

at the previous application, anil within the period of his license the party may
select areas for lease ; but the licensee or lessee cannot enter upon any buildings,

garden, orchard or growing crops on the premises except with the consent of the

occupier or by license from the governor in council.

8. On all leases of gold and gold and silver mines and prospecting licenses to

search for gold and silver a royalty of tw-o per cent, is exacted upon the gross

amount of gold and silver mined.

Licenses to mill owners are issued under terms similar to the provisions

of the Canada Gold Mining act of 1864 and of the Ontario act of 1868,
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excepting that in the case of ores the product of a "free" mine* the royalty

is paid to the owners instead of to the government. Provisions are also Forfeiture.

made for the forfeiture of gold and silver areas, and against unlawful entry

upon crown or private land for mining purposes.

Of mines other than gold and silver the act provides :
other minerals.

1. The commissioner may grant for one year licenses to search upon any lands

not already applied fur and to dig and explore for such minerals, upon a bond with search,

sufficient sureties being given that in the event of entry being made on private

lands recompense for damages will be made ; stich license to cover any single tract

<jf ground not exceeding five square miles in extent; the application to be accom-
panied with a fee of 820, and the land to be surveyed at the cost of the applicant

;

and the license may be renewed for a second peiiod of one year. The commis-
sioner may also issue licenses to search for second rights over the same area to the
number of not more than one for each square mile in the ract.

2. The holder of a license may at any time before its expiration select from License to work

the tract an area of one square mile for the purpose of Avorking the mines and ^" *'^^

minerals therein, and make application to the commissioner for a license to work
the same, accompanied with a fee of S50 ; and tipon the survey being made at his

cost he becomes entitled to a license to work the property.

3. A license to work is made for a term of two years, which may be extended Conditions of

one year upon payment of an additional $25, and the holder is required to com- procuring a let se

mence etfective operations and carry them on in good faiti to the end of the term
;

and upon complying with the conditions of the license the holdei' becomes entitled

to a lease of the premises on or before the termination of his license.

4. Leases are made for a term of twenty years, and are renewable for a period Term of a lease,

to extend not more than eighty years from the original date ; and in case it is shown
that, by reason of the deficiency of mineral or other causes, an area of one square
mile is insufficient to make a profitable mine the governor in council may by
special order grant a lease for a second area of one square mile.

5. The owner, agent or manager of every mine is required to make (quarterly Returns to be

returns to the commissioner of the quantity of mineral taken out, together with made to the

its probable tise and destination, and the amount of royalty accrued upon it ; and
also returns specifyng the number of persons employed in the mine b low and
above grotmd, the difterent classes so employed, and the cost and descrij^tion of all

works carried on dtiring the quarter, stich returns to be sworn to by the agent or
maiiager and one or more principal persons employed at the mine.

0. The royalties payable on ores and minerals are as follows : Coal, 9.7 cents
per ton of 2,240 lb. ; copper, 4 cents per unit, that is, tipon every one per cent,

copper in each t<m of 2,352 1b. of copper ore sold or smelted ; lead, 2 cents per Royalties on ores

unit in each ton of 2,352 lb. of lead ore sold or smelted ; iron, 5 cents on every and minerals,

ton of 2,240 lb. of ore sold or smelted ; and on tin and precious stones, 5 per cent,

on their value.

BRITISH COLUJIBIA.
The laws of British Columbia relating to gold and other minerals except-

ing coal were consolidated and amended in 1884, and they were again amended
in some particulars in 1886, 1887 and 1888. The act is didided into eleven The mining act

parts, relating to the following classes of subjects, viz : (1) Powers of gold

commissioners and county court jurisdiction in mining cases and appeals
; (2)

free miners and their privileges
; (3) registration of claims and free miner's

general rights; (4) nature and size cf claims; (5) bed rock flumes; (6\

drainage of mines
; (7) mining partnerships and limited liability

; (8) adminis-

tration of the mining property of deceased miners
; (9) leases

; (10) ditches
;

* The words " free mine" refer to only one trifling- matter. Some years ago, in order t''

•encourage the putting up of quartz mills, it was provided that any per.son erecting a crusher
in a locality less than ten miles from any other efficient crusher should be entitled to a lease
of not less than ten mining areas free from royalty for 21 years. Under that provision a few
crushers were erected upon conditions which entitled the owners to the free areas. The
provision was repealed in the revision of the statute in 1884. but the reference to free mines
had to be left in order to provide for the few areas that had been ali-eady acquired.

18 (M.C.)
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and (11) penal and miscellaneous clauses.

of these parts is given below :

A summary of the more important

commissioners.

Free miuer'i
certificate.

1. A gold commissioner may sit as a judge in a mining court and hear and
Powers of sold decide all cases coming before him, such as granting leave of absence to discoverers

of new claims : laying over claims during scarcity of water
;
granting a miner or

company absence for one year from a claim upon proving to the commissioner that
work in cash, labor or machinery to the value of §1,000 has been put on the claim
without a reasonable return in minerals ; and affording protection against dangerous
works ; and in all mining disputes the judge is required when practicable to decide
the question at issue up m the ground in dispute. Every county court may exercise
within its limits all the jurisdiction of a mining court ; but an appeal may be takerfc

in any mining cause to the supreme court of the province.

2. Every person over sixteen years of age is entitled to hold a claim, and may
obtain a free miner's certificate for one or three years upon payment therefor of S5.

a year, issued by the gold commissioner or mining recorder. During the continu-

ance of his certificate a free miner has the right to enter and mine upcm any waste
lands of the crown not lawfully occupied by any other person ; and in the event of

entering upon laiids already occupied for other than mining purposes, full compen-
sation is required to be made to the occupant or owner for any loss or damages he
may sustain. But no one can be recognised as having any right or interest in a

claim, or in case of disputed ownership, unless he is at the time of the dispute
arising a fi'ee miner ; neither is any person entitled to recover wages for labor jier-

formed as a miner in any claim unless he has had a free miner's certificate at the
time of jjerforming such labor, every person engaged in mining for minerals other-

than coal being required to take out a free miner's certificate.

3. Every mining claim located by a free miner must be recorded with the gold
Mining claims to commissioner or mining recorder of the district in which it is situated within three
be recorded. days after the location thereof, if within ten miles of the office—an additional dny

being allowed for every additional ten miles. But in the case of auriferous land sc

situated that there is no gold commissioner or mining x'ecorder in the locality, it iss

lawful for the miners to hold meetings and by two-thirds vote make rules consistent

with the act for their good government, and appoint one of their number to issue

free miner's certificates and enter records of the mining property. The title t(.

claims is recognised according to priority of their registration, subject to the validity

i)i the record, and transfei's of claims to be enforceable must be in writing. The
books of record are required to be open to public inspection free of charge, during
reasonable hours, and certified extracts from them are receivable in any court as

evidence. A free miner may hold at the same time any number of claims acfjuired

by purchase, but only two claims by pre-emption in the same locality, subject to

the laws as to record and occupat'on, and he may sell, mortgage or dispose of the
same ; he is also entitled in addition to hold one pre-emption claim on each hill,

creek, ravine or bench. Saving as to claims held in fee simple, the interest of a

free miner in his claim is deemed to be a chattel interest, equivalent to a lease,

renewable, but subject to conditions of forfeiture. He is entitled exclusively to all

the proceeds realised from the claim, provided that it is faithfully and notcolorably

worked, and the exclusive right of entry upon it except as authority may be
given by the gold commissioner to adjacent claim-holdera for the working of their

own claims upon such terms as to him may seem reasonable. A. claim is deemed
to be abandoned and open to the occupation of any free miner when it has remained
unworked for seventy-two hours by the registered holder, unles=i sickness or other
reasonable cause can be shown, and every forfeiture is absolute.

4. The size of mineral claims, by which is meant claims containing any mineral

Size of mineral except Coil,' in lodes or veins or rock in place, is 1,500 feet long by 600 feet wide,
^l^yj^j^^ and right measured horizontally and marked by three posts along the centre line. The

"" ""'""
holders of such claims have the exclusive right of the surface included within the

lines of their locations, and all the veins, lodes and ledges throughout their entire

depth the top or apex of which lies inside the surface lines extended downward
vertically, although thery may so far dejjart from a perpendicular in their course

downward as to extend outside the vertical swZc-lines of the surface locations ;
but

the right of possession to the outside parts of veins is confined to such portions as

lie between the vertical planes drawn downwards through the end-lines of the

locations so continued in their own direction that the planes will intersect the

exterior parts of the veins—saving that the owner of a vein which extends down-
ward beyond the vertical lines of his claim cannot enter upon the surface of another fc

to follow veins.
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cliiim. Whert.' two or iuoi\' veins cross each I'thor priority of title governs ;i> to ore

<>r minenil wtliiu the s}';iee of intei section. ri,i;!it of w a\ beuii,' allowed the liohlei-

of subsO'iueut loL*ati n for convenient woikiiiLX of Irs mine tln'ou^h tlie spact; of

iiiterseotion ; anil whore two or more veins unite tlu^ oMest or prior location takes

the vein below the point of union, includinu- all rlie space of intersection.

5. No free miner or company is entitled to hi-ld. directly or in the name of any
other person, more than one claim on the same lode or vein I'xcept by j)urchase, 'r ^u -r;>u»»

b t m.-^y by pre-emption hold a cla'm in each se])arate ledye. li>de or vein. 'Ihe

holder of a mineial claim niiy ol>tain a crown grant therefor by tiling in the land

ottice of the district an application showing under oath tliat a vein or lode has jieen

found or exists within the limits of the claim of wiiich the applicant is in undisturbed

possession, togetlier with a plat anil field notes of tlie claim made iiy a surveyor

acting under instructions from the commissioner oi lands and woiks, posting a

copy of the }ilat and notice of ai)]ilicatioii for a grant on t'.ie land embraced in the plat.

previous to filing the ajiidication. and tiling in the district land office an affidavit of

at least two persons that the notice has been duly ]»osted. together with a copy of

••he notice. It is then the duty of the government agent of the district to cause t<»

he published at the cost of the a])plicant a notice of the application for sixty days

In the otticial gazette and in any newspaper in the district, and post the notice in

his otHce ; and if the applicant tile with the agent a eertiticite of the gold commis
sioner of the district that a sum of 8500 has been exi)erided in tuoiiey or labor upon
the claim, and at the end of the sixty days an atlidavit showing that the plat and
notice have been posted in a conspicuous place on the claim, and no adver.se claim

is tiled, he becomes entitled to a grant from the crown. The giant is deemed to

transfer the rii^ht to all minerals excepting coal in the land : but tlie land is sub-

ject to an annual tax of one dollar per acre, uidess the owner can show to tlu-

satis'action of the gold commissioner of tlie district that the sum of s200 has been
expended thereon in labor or improvements in any year, in wliich case the tax i.s

not levied for such year.

The other provisions of this act relate cliioHy to alluvia! miuiiig and

mining partner.ships.

no.M I Nlo.N OK LA.SAOA.

Xo measure dealing specially with mining or mineral lands has lieen

enacted by the parliament of Canada; but by sections 47 and 48 of the The l•oiu;:ioL

iJommion Lands act it is declared that lands containing minerals are to be minin.;

disposed of in such manner and terms as are provided under regulations made

by the governor in council, saving that no grant from the crown can be

deemed to convey gold or silver in the lands unless they are expressly con\cyed

in the grant. The regulations at pre.sent in force were adopted October o,

1887, and relate to all minerals of economic value except coal. The follow^ing

summary refers to such of them as are applicable to Ontario :

1. Any person may explore vacant lands not reserved for other purpjses for Lands wiii-h

minerals, but no location can be granted until actual discovery has been made of "^^^^ '"•' '^"'^^'-^

the vein, lode or deposit of mineral within the limits claimed.
2. Except for iron and petroleum, the extent of a location on veins or ledges Kxruiit oi

of rock in place cannot exceed 1,500 feet in length by 600 in breadth, the surface i'""it:<,ii-^.

boundaries to be four straight lines, an<l the boundaries beneath the surface to be
the vertical planes in which its surface boundaries lie.

3. Any person having discovered a mineral deposit may obtain a mining h..\v luiniuir

location therefor by staking or marking off the ground according to the regulations, locations mV
and within sixty days filing with the land agent in the district a declaration under "^ ^''<a'"t-'U

oath, setting forth the circumstances of the discovery and describing the locality

and dimensions of the location, and paying to the agent an entry fee of §5. The
agent's receipt authorises the claimant to take i)ossessi<jn of and work tlie location,
subject to renewal upon payment of the same fee from j'ear to year for the term of

five years, provided that during each year he shall expend at least 8100 in actual
mining operations on the location and furnish the agent a fidl statement of
such expenditure under oath, corroborated by two reliaVde and disintereste<*.

witnesses
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4. Any time before the expiry of five years the claimant may purchase the

location, upon proof that he has expended not less than $500 in actual mining
oprrations ; the price for a location to be ^5 per acre, cash.

5. In addition to payment of the price of the location the claimant is required

to deposit with the agent $50 as payment to the government for survey of his

location, when, upon receipt of the plans and field notes and approval ther. of by
the surveyor-general, the patent shall issue ; or the claimant himself may procuie
a survey by a duly commissioned surveyor if on account of its remoteness the

location cannot be surveyed by the government for $50, in which case the patent
shall issue upon receipt of the plans and field notes and the claimant is entitled to

return of his deposit. But failing to comply with any of the conditions of

occupation during the period of five years, the right of the claimant shall laf.se and
the- location shall revert to the crown.

6. Where the same location is claimed bj' two or more persons the right to

acquire it depends on priority of discovery ; but a person making a subsequent and
independent discovery, and complying with the other conditions prescribed in the

regulations, takes pi^ecedence of the first discoverer if the latter has failed to complj-

with the conditions ; and not more than one location can be granted to any indi-

vidual upon the same lode or vein.

7. VV^here land is used for milling purposes, or for other purposes incidental to

mining operations, it may be applied for and patented in the same way as a mining
location ; but it cannot exceed five acres in extent and must be paid for at the same
rate as a mining location.

8. The minister of the interior may grant a location for mining petroleum or
iron not exceeding 160 acres, being a square bounded by due north and south and
east and west lines ; but in the event of other minerals being found upon the

property the claimant's right becomes restricted to the area for other minerals, and
the re.«t of the locati<m reverts to the crown.

9. In a case where two or more persons apply for any mining location, neither

of whom is the oriiriual discoverer, the; minister of the interior, if he sees fit to dispose
of the location, will either invite their competitive tenders or put it up to public

auction as he may deem expedient.

10. An assignment of the right to purchase a location is perm ssible upon
compliance with certain requiiements, and payment to the land agent of a regis-

tration fee of $2.

11. The siiperintendentof mines is authorised to hear and determine all disputes

in regard to mining property within his district, subject to appeal by either of the

parties to the commissioner of Dominion lands.

12. The minister of the interior may establish mining districts and declare their

boundaries, and, when from the report of the director of the Geological Survey or

from other information he has reason to believe that there are mineral deposits of

economic \alue in such districts, he may direct locations to be laid out and may sell

them for cash, either privately to applicants who in his opinion ar ' able and intend

in good faith to work the locations, or by public auction and tender. The ministei

may also grant to any person holding and actively developing a location a st cond
one of equal area, providing it is shown that the vein or lode being develojied will

probably extend outside of either of the vertical planes forming the side boundarit^s of

the first location before it has reached a depth at which it cannot be profitably mined.
IS. Persons desirous of obtaining qviarrie-i for stone on vacant lands may do so

under the regulations, either by purchase of the land or by payment of a royalty

not exceeding five per cent, on the sales of the product.

14. The minister is empowered by the regulations to summarily order an>

mining works to be so carried on as not to endanger the safety of the public, or inter-

fere with any public work or highway, or any mining propeity ; and h-:' may order

any abandoned works to be either filled up or guarded at the cost of the parties who
may have constructed the same.

In addition to the regulations, provision is made by sections 28 31 of

chapter 168, R. S. C. 1886, for the prevention of malicious injury to mines,

whether by setting fire to the premises, filling up or otherwise damaging a

mine or well, or pulling down or obstructing any machinery or works of a

mine ; the person so offending being guilty of a felony, and liable to imprison-

ment for terms not exceeding seven to fourteen years according to the nature

of the offence,
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UNITED STATES.

The object of the earliest congressional legislation on public mineral

lands in the United States was to secure a revenue therefrom, and to this Eaiij legrisiation,

end, as appears by Oopp's United States Mineral Lands, the system of leasing

the lead and copper mines was adopted in 1807. This system was pronounced

a failure after atrial of forty years, and in 1846 the mines were offered for

sale, with a preference right in those who had leases or were in occupation.

Since 1866 the object of the legislation has been to prevent the disposal of

mineral lands to states and railroads, or in large quantities to individuals.

Exploration for minerals is encouraged, and no efforts are used to compel

miners to expend money for securing government title. " The mining law

of May 10, 1872," says Copp, "is essentially the poor man's law, and has Tae poor mans.

been the source of incalculable wealth to the country, and indirectly of vast

value to the government."

By a congress ordinance of 1785 one-third part of all gold, silver, lead

and copper mines was reserved to be sold or otherwise disposed of as congress gerve'ii
*"

"^"^

might thereafter direct, which ordinance continued in force until 1789.

By an act of 1807 the leasing of lead mines for a period not exceeding

svstem.
five years was authorised, and this system was continued until 1846. Jn ^'ii^ leasmii

nearly all the pre-emption acts prior to 1841 minerals were reserved, but the

act of that year excluded from its operation all lands on which were situated

any known salines or mines. The acts of 1846 and 1847 authorised the sale

of mineral lands in several of the states and territories, thus acknowledging

the failure of the lease system. In the acts relating to California special care

seems to have been taken to prevent the appropriation of mineral lands by

settlers, and the Donation act of Oregon excluded such lands from its

operation.

fn the earlier grants to aid railvvay.s, minerals are not mentioned in terms,

but a general clause was inserted excepting all lands reserved for any purpose Grants of lands^.
" r o o^ 1 I (q railways.

by act of congress. The acts of 1862 and 1864, which donated nearly

100,000,000 acres to railroad corporations, gave the coal and iron lands within

their limits, but excepted other mineral lands from the grants, and in this

form such lands are still excluded from railroad grants in the mining states

and territories.

Digging for minerals on the public domain prior to the act of 1866 was

a trespass, entitling the government to damages, and was such a waste as ^''''^"^ exploration

, ,

" secured.

could be restrained by injunction. But by this act the mineral lands of the

United States were thrown open to exploration and occupation, and it is no

longer a trespass to dig ore or engage in mining operations on the public

domain.

The act of 1846 authorised the sale of mineral lands in Illinois, Arkansas,

Wisconsin and Iowa, but still excepted the.lead mines from pre-emption. The ^'inerai lands
' r f r reserved except

reserved mineral lands of Missouri • had been offered for sale a short time '" special cases.

before, and those of Michigan in the following year. In 1850 mineral lands

in Michigan were disposed of in the same way as agricultural lands, subject

to the same minimum rights of pre-emption. In the states of Missouri, Kan-
sas, Minnesota, Michigan and Wisconsin there is an express direction by the
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law that all lands shall be sold as agricultural lands, but the general provision

is that " in all cases lands valuable for minerals shall be reserved from sale,

except as otherwise expressly directed by law."

Act of 1866. The act of 1866 provided as follows :

1. Mineral lands of the public domain, surveyed and unsurveyed, are declaied

plore mineral'^''
^^ ^^ ^^^® ^"^^ "^P®" ^'^ exploration by all citizens of the United States and those

lands of the who have declared their intention to become citizens, subject to regulations pi e-
public domain, scribed by law, and to local customs or rules of miners in the district.

2. Whenever any person claims a vein or lode of quartz or other rock in place
filings claim

, bearing gold, silver, cinnabar or Copper, having previously occupied and improved
the same accorJinj^ to the local customs or rules, and having expended in actual
labor and improvements upon it an amount of not less than $1,000, and in regard
to whose possession there is no controversy or opposing claim, lie may hie in the
local land office a diagram of the tract and become entitled to enter the tract and
receive a patent therefor, together with the right to follow such vein or lode, with
its dips, angles and variations, to any depth, although it may enter the land adjoin-
ing, which land adjoining shall be sold subject to this condition.

3. Upon the filing of the diagram and posting a copy in a conspicuous place on
Conditions of the claim, with notice of intention to apply for a patent, the register of the land

patenT"^
office shall publish a notice thereof in a newspaper and post a notice in his office for

ninety days, after which if no adverse claim is filed it shall be the duty of the
surveyor-general, on application of the party, to survey and make a plat of the
premises, and upon payment of $5 an acre with cost of survey, etc.. and evidence
that the diagram and notice have been posted on the claim for ninety days, the
register shall transmit to the general land office the plat, survey and description,

when a patent shall issue. But the plat, survey and description shall in no case
cover more than one vein or lode.

4. No location shall exceed 200 feet in length along the vein for each location,
^iie of locations, with one additional claim for discovery to the discoverer of the lode, with the right

to follow the vein to any depth and with a reasonable quantity of surface for con-

venient working of the same ; but no person may make more than one location on
the same lode, and not more than 3,000 feet may be taken in one claim by any
association of persons.

Sections 5 to 11 made various provisions as to rights acquired with

claims, and as to reserved mineral lands occupied for agricultural purposes.

The.A<t<»f i87'2.
The mining laws at present in operation are based on the act of 1872,

revised and consolidated in the following year. Following is a summary of

their provisions :

-Mineral lande
} Lands Valuable for minerals are reserved from sale, except as otherwise

expressly directed by law.

2 All valuable mineral deposits in surveyed or unsurveyed lands are declared
Open to explor- to be free and open to exploration and purchase, and the lands in which they are

chase "bv
^^'^ found to occupation and purchase by citizens of the United States and others who

citizens". . have declared their intention to become such, under regulations prescribed by law,

and to the local customs or rules of miners in the several mining districts so far as

these are applicable and not inconsistent with the laws of the United States.

3. A mining claim on a vein or lode of quartz or other rock in place bearing
Extent of.mininj; gold, silver, cinnabar, lead, tin, copper or other valuable deposits, whether located

•Hoifes"
^^'"^ ^y *^"® ^^ more persf>ns, may not exceed a length of 1,500 feet along the vein by a

breadth ranging from 25 to 300 feet on each side of the middle of the vein at the

surface, the end lines to be parallel to each other ; but no location of a mining
claim can be made until the discovery of the vein or lode within its limits. *

4. Proof of citizenship in the case of an individual may consist of his own
Proof of citizen-

affidavit ; in the case of an associatijn»of persons unincorporated, of the affidavit of

skip. their authorised agent ; and in the case of a corporation organised under the laws of

of the United States, by a certified copy of their charter or certificate of incorporation

* The regulations made under the act state that the object of this provision '* is evidently
to prevent the appropriation of presumed mineral ground for speculative purposes to the

exclusion of bona fide prospectors, before sufficient work lias been done to determine whether
a vein or lode really exists."
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5. So long as they comply with the laws and regulations locators have exclusive

right of possession of all the surface included witliin the lines of their locations, Locators' right

and of all veins, lodes and ledges throughout their entire depth, the top or apex of
enK)°yH^|n'°"

*"**

which lies inside of such surface lines extended downward vertically, although such

veins may so far depart from a perpendicular in their course downward as to extend
outside the A'ertical N/'/t'-lines oi the surface locations, provided that right of posses-

sion to the outside parts of veins are confined to such portions as lie between vertical

planes drawn downward through the cjirMines of the locations so continued in their

own direction that the planes will intersect the exterior parts of the veins ; but the

locator or possessor of such a vein or lode has no right of entry upon the surface of

a claim owned or possessed by another.

6. Where a tunnel is run for development of a vein or for discovery of mines,

the owners have the right of possession of all veins within 3,000 feet from the face Rights of ow-ners

of the tunnel on the line thereof, not previously known to exist, to the same extent (^"nne s.

as if discovered from the surface : and locations < n the line of a tunnel of veins not

appearing on the sur'ace, made by other parties after commencement of the tunnel,

are invalid : but failure to prosecute work on the tunnel for six months is to be
considered as an abandonment of the right to all undiscovered veins on the line of

rhe timnel.

7. The miners of each district may make rules and regulations not in conflict

with the laws of the United States or of any state or tenntory in which the district Regulations
.^ , ^ -ii- PT T ^ e 1 made bv miners.

13 Situated, governing location, manner of recording, and amount oi work necessary

to hold a mining claim, subject to specified requirements, viz : the location to be
•distinctly marked on the ground, all records of claims to contain names of locators,

date of location and descrij)tion to identify the claim.

S. In proceeding to obtain a patent for land claimed and located for valuable

deposits any party who has complied with the terms of the act may file in the How patents for

proper land office application for a patent under oath showing compliance, with a
are"obtained^

plat and field-notes of the claim showing its boundaries, post a copy of the plat

and notice of application on the land previous to filing the application, file an
affidavit of at least two persons that the notice has been duly posted and file a copy
of the notice in the land office ; and the register is thereupon required to publish

a notice of the application for sixty days. The claimant is also to file with the

register a certificate of the United States surveyor-general that $500 worth of labor

has been expended i»n improvements made on the claim, that the plat is correct,

etc., and at the end of sixty days he is to file an affidavit that copies of the plat

and notice have been posted during the period of publication ; when, if no adverse
•olaim has been filed, it is *o be assumed that the applicant is entitled to a patent
upon payment of $o per acre.

9. The next section deals with the case of an adverse claim, and provides that Proceedings to

:he claim must be filed on the oath of the person making it, and that proceedings ^® adverse"
:o determine the question of right must be taken in a court of competent jurisdiction claim.

within thirty days of filing the claim.

10. The description of vein or lode claims upon surveyed lands must de.«ignate Description of

the location of the claim with reference to the lines of the public surveys, but need ^i^imT
not conform therewith ; but where a patent is issued upon unsurveyed lands the
surveys when made must be adjusted to the boundaries of the patented claim,

without interfering with or changing the location.

11. 12, 13, 14, 15, 16 and 17 deal with claims under former laws, and with Other claims,

placer claims, the latter of which are limited to an area of 160 acres, but may be
.sub-divided into areas of 10 acres.

18. The expenses of the survey of vein or lode claims and the survey and
sub-division of placer claims into smaller quantities than 160 acres, together with Surveys,

the cost of publication of notices, must be paid by the apjilicants ; but they are at

liberty to employ any United States deputy surveyor to make the survey. The
.surveyor-general has power to fix the maximum charges for survey, as well as the
newspaper rates for publication of notices ; anil a sworn statement of all charges
and fees is required to be filed by the applicant with the register, to be transmitted
ivith all other papers in the case for ,the information of the commissioner of the
general land office.

19. Where two or more veins intersect or cross each other priority of title

governs, the prior location being entitled to all ore or mineral contained within the Title in cross or

space of intersection, but with right of way to the subsequent location through the ""'*^'* veins.

apace of intersection for the purpose of convenient working of the mine ; and
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where two or more veins unite the oldest or prior location takes the vein below the
point of union, including all the space of intersection.

20. Where non-mineral Innd not con'iguous tn a ve'n is used by the i)ropretor
of the vein for mining or milling purposes it may be included in the application for
the vein and i:)atented therewith, but s > as not to exceed five acres, at ^5 per acre.

21. The president is authorised to establish additional land districts and appoint
the necessaiy officers under existing laws, whenever this is deemed necessary for the
public convenience.

The provisions of this act do not apply to the mineral lands in Michigan,

Wisconsin and Minnesota, wliich are declared free and open to exploration

and purchase according to legal sub-division.s ; and such lands are required to

be offered for public sale in the same manner, at the same minimum price and

under the same rights of pre-emption as other public lands. '^

C O L O R .A D O .

In Colorado the length of a lode claim cannot exceed 1,500 feet along

the vein, and in four counties specified the width cannot exceed 75 feet, nor

in other counties 150 feet on each side of the centre ; but each county may
at a general election determine upon a width not exceeding 300 feet on each

side of the centre of the vein or lode. The discoverer is required to record

his claim in the office of the reorder of the county in which it is situated

within three months from the date of discovery ; but before filing the location

certificate he must locate the claim by sinking a discovery shaft upon the lode

to the depth of at least ten feet, post a notice of the discovery upon the

claim and mark its boundaries ; and no location certificate may claim more

than one location. The location is construed to include all lodes and ledges

throughout their entire depth whose top or apex lies inside the surface lines

extended downward vertically, with such parts as dip beyond the side lines of

the claim, but not such parts as extend beyond the side lines in any other

manner than by the dip of the lode ; and every miner has the right of way

across all other locations for the purpose of hauling quartz from his claim.

DAKOTA.
In Dakota the length of a lode claim may not exceed 1,500 feet and

the width is fixed at 150 feet on each side of the centre of the vein ; but each

county may by a majority of votes cast at a general election determine the

width, ranging from 25 to 300 feet on each side of the centre of the vein.

The discoverer of a claim must record his claim in the office of the register of

deeds of the county within twenty days from the date of discovery, but before

filing the location certificate he must locate the claim by sinking a discovery-

shaft sufficient to show a well defined mineral vein or lode, post a notice of

discovery on the claim and mark its surface bound iries. The provisions

respecting the right to follow a vein are the same as in Colorado, and no

location certificate can claim more than one location, whether made by one or

several locators. Any person who performs labor upon a mine, at the request

of the owners of the property or their agents, or who furnishes material or

apparatus therefor, acquires a lien upon the property to secure payment of his

claim.

* An act of 1876 also excludes from the operation of the mining law lands in the states of

Missouri and Kansas, and declares that all lands in these states shall be subject to disposal

as agricultural lands.
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JI I C H I 6 A N.

The property in all mines of gold and silver and all mines of other metals

or minerals which are known to contain gold and silver in any proportion was

vested in the people of the state of Michigan hy a statute of 1846, but this and silver mines.

right is not enforceable against any citizen of the state in whom the fee of

the soil containing any such minerals is fully vested by purchase from or

under the state or general government. All primary school lands and lands

located by the state for internal iuiprovement purposes, known to contain

mines or minerals, were by the same act reserved from sale pending such

rei/ulations as the legislature might prescribe, and a tax of four per cent, in sen ed from sale.

lieu of all other state taxes was authorised to be imposed and collected upon

the product of all mines in the state excepting iron ores, the tax upon which

was limited to two per cent. By a sub.sequent act of the same year the state

land office was authorised to lease the lands reserved as above in quantities

not less than 40 acres, for a period not exceeding three years, but before they ^^^^^^^ l^^^^^^

could be leased upon private application they had first to be exposed to lease

at public auction to the highest bidder. The lands so leased were subject to

a rate of not less than four per cent, upon the average yield and value of all

minerals taken from the lands, and such further annual rent in advance as

the commissioner was able to obtain for them ; but the lands leased under

those provisions were not subject to any other taxes. By an act of 1863 all

swamp and primary school lands in the upper peninsula withheld from market

as mineral lands, except such sections as the governor may select and reserve,

are open for sale in the same manner as other lands of the same class in the ?'i® law changed'
^ to sales of lands

state. But before these lands are ofiered for sale the governor may cause an i" fee simple.

examination to be made of them by agents appointed for the purpose, whose

duty it is to appraise each tract, and upon receiving their report the governor

and state treasurer fix a minimum price at which each tract may be sold,

whereupon the commissioner of the land office oflTers the land at public sale.

E\ ery corporation or association engaged in mining is required to pay a tax

of seventy-five cents on each ton of copper and one cent on each ton of iron

ore annually in lieu of all other state taxes except taxes on capital stock. An Taxation,

act of 1877 provides for the appointment of a commissioner of mineral

statistics for the state, whose duty it is to make an annual report setting forth

in detail the mineral statistics of the year, and the progress and development

of its mining industries. Tt is also his duty to make such geological surveys Mini n^; statistics

as are needed for carrying out the purposes of the act, to observe and record

by maps and plans especial facts which may be develo[)ed in the course of

inining and exploration, and to make a collection of typical suites of speci-

mens to be placed at the disposal of the state board of education for distribu-

tion among the educational institutions of the. state. All corporations or

individuals engaged in mining are required to make such reports under oath

as to product and other matter^ as the commissioner may ask for, and it is

his duty to report such information for each corporation or individual to the

auditor-general as the basis for computing the specific taxes against each

owner or owners of a mining property.
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MONTANA.
In Montana the person who discovers a mining claim on a vein or lode is

oiaim to be filed required within twenty days to make and file in the otfi.ce of the recorder of
and recorded, ' j j

the county a written statement on oath describing the claim as provided by

the laws of the United States ; and to entitle him to so record he must have

discovered a vein or crevice of quartz or ore with at least one well-defined

wall. The extent of a claim is the same as is provided in the United States

law.
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NEVADA.
In Nevada all timber and mountainous lands granted by the United

States to the state are sold with a reservation of the minerals; and whenever

-any minerals may be discovered on such lands after the}"^ have been sold and

patented the state has the right to convey mining ^claims thereon in the same

manner and of the same amount in any one claim as is the law and practice

of the United States ; and the right of way over such timber and grazing

lands, being reserved, is granted to the purchaser of any mining claim.

N K W YORK.

In New York all mines of gold and silver, all mines of other metals

discovered upon lands owned by aliens and all mines owned by citizens the

ore of which upon an average contains less than two equal third parts in

value of copper, tin, iron and lead or any of those metals, are the property

of the people of the state in their right of sovereignty ; as also are all mines

and minerals discovered on the public lands. All mines other than of gold

and silver discovered on any lands owned by a citizeii the ore of which con-

tains on an average two equal third parts or more in value of copper, tin,

iron and lead, or any of those metals, belong to the owner of the land.

Every person making a discovery of a mine of gold or silver in the state is

exempted from paying to the state any part of the ore, produce oi* profit of

the mine for twenty-one jears, bat no person discovering such a mine is per-

mitted to work it until he gives notice to the .secretary of the state describing

particularly the nature and situation of the mine ; and after the expiration

of the term of twenty-one years the discoverer or his legal representatives

shall be preferred in any contract for the working of .the mine. No person

can enter on or break up the land of any other person without his consent in

writing, nor upon any public laud without the consent of the commissioner

of the land office ; but in case a person discovers a mine and forms a corpora-

tion to work it, if consent cannot be obtained by agreement, or by reason of

legal disability of the owner of the land, proceedings may be taken by the

company in the supreme court of the state, when the court may appoint

three comissioners to enquire into the matter, fix the damages and report to

the court all information in the matter as dii-ected, when in the discretion of

the court an order may be made either denying the petition or granting it

—

an the latter case determining the quantity of land necessary for working

tthe mine, the damages to the property by taking possession of it, and the

annual rent or compensation to be paid to the owner or occupant so long as

the use of it may continue. Thereupon the company in whose favor the

order is made, upon payment of damages and entering into an agreement, to
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he approved by the court, to pay the annual rent, have the right to enter

upon and use the land set apart by the order, so long as they or their

ass^ignees work the mine and pay the annual compensation. But the New
York statute is practically a dead letter, as no such mines as those referred to

exist in the state.

OREGON.
In Oregon any person or company of persons establishing a claim on a

quartz lead for the purpose of mining it are allowed to hold the land or vein, size of claim,

with all its dips, spurs and angles, for the distance of 1,500 feet in length

and 300 feet in width on each side of the lead or vein. Any person may
hold one claim by location upon each lead or vein, and as many by purchase

as the local laws of the miners in the district where the claims are located Second claim

may allow ; and the discoverer of a new lead or vein not previously located discoverer,

upon may be allowed one additional claim for his discovery. Every person

after establishing a claim or claims is required to do $50 of work on every

claim each year, under penalty of forfeiture.

SOUTH C .\ R O L I X A .

In South Carolina royalty is collected by the agricultural bureau of the

state, authorised by the state law, from persons or companies who mine or Royalty on

dredge phosphate under any law, license or charter of the state, estimated ^ °^^

upon the crude rock ; such royalty to be not less than $1 per ton, nor gi'eater

than 25 per cent, of the market value of the crude phosphate.

UTAH.

In Utah any cituzen of the United States, or any person who has declared

his intention to become a citizen, who discovers any mineral deposit is Rj^^t of dis-

entitled to one claim thereon by right of discovery, and one by right of
'=°^^''5'-

location ; but no person is entitled to more than one claim by right of loca-

tion on any one lead or lode ; and any person who performs any work or

labor on a mine, or furnishes material therefor, under contract with the Miner's lieu,

owner, is entitled to a miner's lien upon all interest, right and property in

the mine.

WISCONSIN.
In Wisconsin certificates of sale of public lands do not bestow the right

to take the minerals ; the written consent of the commissioner of public Minerals re-

lands must be obtained. A license or lease made to a miner is not revocable

by the maker after a valuable discovery has been struck unless the miner
should forfeit his right by negligence such as establishes a forfeiture accord-

ing to mining usages. The discovery of a crevice or range containing ores Leaseholder's

entitles the discoverer to the ores, subject to the rent due his landlord, before
'^'^^*'

as well as after the ores are separated from the freehold ; but the miner is not

entitled to recover any ores from the person digging on his range in good
faith, and known to be mining thereon, until he has given notice of his claim.

In case of conflicting claims to a crevice or range bearing ores the court may Conflicting

continue any action to enforce a claim, or grant any necessary time for the
*''*""^"

purpose of allowing parties to prove up their mines, and may appoint a

receiver under whose directions the work may be carried on and pay the rent

or other necessary expenses ; and the usages or customs among miners may
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be proved in explanation of raining contiacts to the same extent as usage

may be proved in other branches of business. A miner who conceals or

disposes of any ores for the purpose of defrauding his lessor of his rent, or

who neglects to pay rent on ores raised by him for three days after claitu is

made, thereby forfeits all right to his mines or range ; and in case he neglects

to work his mines according to the usages of miners without reasonable

excuse, he also forfeits his mines. Every person or corporation engaged in

mining may, when necessary, convey water over or through the land of any

adjoining owner, and, in case of failure to agree upon the damages for right

to so conduct the water, commissioners may be appointed to appraise the

amount, but with right of appeal to the circuit court by either of the partie.-^.

Every smelter and purchaser of ores and minerals is required to enter in a

book as ores or minerals are received a record showing date of receipt,

name of person from whom purchased, name of person by whom hauled and

delivered, name of owner of the land from whom the ore was obtained, or, if

not known, some distinct description of the land, and such book must be

open to all persons at reasonable times for inspection and taking extracts
;

and for failure to keep such a book or make such entries, or for making false

entries, or refusal of permission to inspect the bpok or take extracts from

it, the person offending is liable to a penalty of $10 for each offence, and each

day of such failure or refusal is to be deemed a distinct and separate offence.

w T o jr I N G .

In Wyoming the area of a claim is limited to 1,500 feet along the lode

or vein and 300 feet on each side of it, measured from the* centre of the dis-

covery shaft. The discoverer of a lode is required to record his claim in the

office of the recorder of deeds of the county in which the claim is situated

within three months from the date of discovery ; but before filing a location

certificate he is required to designate the location by sinking a shaft upoa

the lode or fissure to a depth of ten feet, to post a notice of discovery upon

the claim, and to make and mark the surface boundaries; and he is allowed

a period of ninety days from the date of discovering the vein in which to

sink a shaft thereon. Any person who defrauds, cheats or swindles another

party by "salting" or placing in a mine any genuine metals which are

designed to cheat and deceive others for the purpose of gain, whereby others

are deceived and injured, is guilty of a felony and liable to a penalty of $50

to $5,000, or imprisonment for not less than thirty days nor more than three

years, or to fine and imprisonment in the discretion of the court. The lien

laws of Wyoming are similar to those of Utah.

In most of the states aliens are privileged to hold land in the same

manner and to the same extent as citizens, and in most of the states also

the amount of real estate which corporations may hold is only limited by the

restriction of the general phrase, " as much as may be necessary for the

carrying on of their business." Michigan allows no corporation to hold

more than 50,000 acres. Maryland restricts the amount to 1,000 acres in

one specified county and 500 acres in all other counties. In West Virginia

companies established to mine and manufacture lead, iron or copper ore may

hold 10,000 acres for each charcoal blast furnace and 3,000 acres for every
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other furnace. Massachusetts places the limit at three-fourfchs of the capital

stock in value.

Where the capital stock of mining corporations is taxed reports are

required, but in many states fuller details are required for the benefit of Reports.

shareholders and the public. In Connecticut and Massachusetts a company
failing to make an annual report for two consecutive years becomes thereby

dissolved. In New Hampshire a full report must be made to the town clerk

and filed with the secretary of the state, and neglect to make such a state-

ment involves the directors in responsibility for all debts. In New York an

annual report of business affairs must be published in a newspaper and filed

with the clerk of the county court, failure to do which renders the trustees

liable for all debts contracted before it is made. In Michigan the corpora-

tions must when called upon by the commissioner of mineral statistics

report the number of gross tons of copper and iron mined and shipped, of

mineral coal produced and of pig iron manufactured, together with statistics

of production of all other minerals or ores.

Laws to regulate the working of mines and provide for the health and

safety of miners have been enacted in almost all the states in which mining Regulations for

operations are carried on ; and in a few states, as Illinois, Indiana, Ohio, safety of miners

Pennsylvania and West Virginia, their requirements are very comprehensive.

GREAT BRITAIN AND IRELAND.
In England the owner of a freehold is ordinarily entitled to all the

minerals underground, except gold and silver ; but under statute law the ^"''^ ^^^ ^''^®''

ownership of minerals may be severed from that of the surface.* Mines of

gold and silver belong to the crown, but gold and silver extracted from

ores of the base me£als are not so claimed. A statute of 1688 provided that

no mine of copper, tin, iron or lead in England and Wales should thereafter Rigbt of private

1 1 • 1 1 1 • 11 ownership,
be adjudged or taken to be a royal mine, although gold or silver might be

taken out of it; and by an amending act of 1694 the right of private

ownership was further enlarged and safeguarded. " All and every person or

persons, being subjects of the crown of England, bodies politic or corporate,

that now are or hereafter shall be owner or owners, proprietor or proprietors

of any mine or mines . . . shall and may hold and enjoy the said mine

or mines and ore, and continue in the possession thereof, and dig and work

the said mine or mines or ore, notwithstanding that such mine or mines or ore

shall be pretended or claimed to be a royal mine or mines ; any law, usage or

custom to the contrary notwithstanding." But the same act gave the sove-

reign a pre-emptive claim on all ores mined (except tin in the counties of
cialin'olfor^

Devon and Cornwall) for a period of thirty days after they have been raised s^'^'^" ^^^'^^

at prices fixed in the act.f and in default of payment of such prices " it shall

and may be lawful for the owners and proprietors of the said mine or mines

*By section 19 of the act of 1877, amending the law relating to leases and sales of settled
estates, it is provided that " On any sale of land any earth, coal, stone or mineral may be
excepted, and any rights or privileges may be reserved, and the purchaser may be required to
enter into any covenants or suomit to any restrictions which the court may decern advisable."

t For all ore washed, made clean and merchantable the following rates were fixed : Cop-
l>er, £16 per ton : tin, 40s. per ton ; ii'on, 40s. per ton ; and lead, £9 per ton ; but by an act
of 1815 the pre-emption price of lead was made £2.5 per ton, owing to the increased cost of
mining the ore.
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wlierein such ore is or shall lie found to sell and dispose of the said ore to his

and their own uses ; any law, statute or custom to the contrary notwith-

standing." And that act is still a law in England. Local customs, now-

regulated by acts of parliament, are ob.servcd in several districts, as in Derby-

•^hire, the Forest of Dean, and the counties of Cornwall and Devon.

The working of mines in the United Kingdom is controlled by five acts of

operations are parliament, the most important of which is the British jNIetalliferous Mines

Reguhition Act, 1872. Under this act no boy under twelve years of age

and no girl or woman of any age can be employed in a mine below ground^

and no boy of twelve to sixteen years of age can be employed below ground

for more than fifty-four hours per week or more than ten hours in any one

day ; and no male of less tJian eighteen years of age can be employed in con-

nection with the engines or other machinery of a mine ; nor must wages be paid

to any person employed in or about a mine at or within a public house foi- the

sale of spirituous or fermented liquor, or at any place contiguous to sucli house.

Other provisions of the act re([uire that reports be furnished the inspector

of a mining district in relation to (1) the quantity of mineral sold or pro-

duced from each mine and the number of persons employed at it, below and

above ground respectively, for each calendar year; (2) accidents or loss of

life to any person employed about a mine from explosions of gas, powder or

steam boiler, or from any cause whatever : and (3) the commencement, aban-

donment, discontinuance or recommencement of work on a shaft of any mine,

or of change in the name of owner, agent or officers. And in the case of a

mine being abandoned or discontinued, the owner or other person interested

in the property is required to securely fence it for the prevention of accidents,

and to furnish the secretary of state with an accurate plan of the workings.

The act also provides for inspection, arbitration and inquiries into the

1 i>p.Ltioii. causes of accidents, rules for the management of mining works with a view

to the safety and healtli of employes, and penalties for offences under the

act. An amendment of 1875 requires the owner or agent of every mine to

send to the inspector of the district by the 1st of February in each year a

return specifying for the year ending the preceding 31st December the quan-

tity in statute weight of the mineral dressed, of the undressed mineral which

has been sold, treated or used during the year, the number of persons ordinarily

employed, etc.

N ); \V Z E A I. A N I).

The New Zealand mining act of 1880, as amended by the three amend-

i/iws ami riKu- ing acts of 1887 and 1888, consists of 318 sections, and the regulations under
^''^"^"'^-

tije act number 257." Following is a summary of the chief provisions of

the act :

1. Any portion ut the colony may be constituted a mining district by proclnma-
Miiiiii.; iiistricts. tion of the governor, with such bauiularies as may be as.signed to it, and any

mining district may also be abolislied by proclamation.

* An act to reg^ulate the prranting of coal mines leases and to make better provision for

the regulation :ind inspection of coal mines was passed in 1880, as was also an act to consoli-

date and amend tlie law for the incori)oration and winding up of mining companies. The
latter extends and apiilies only to companies formed fur mining purposes other than mining

for coal.



28/

2. Any of Uie crown lands within or outside a mining district may be set apart
for mining purposes exclusively by the minister of mines ; and upon such resei-ve Mineral land*,

being made in the neighborhood of any place where mining operations are carried
on the lands cease to be crown lands and are not capable of alienation in any way.
saving for mining purposes, without the consent of tiae minister.

3. The officers who, under the minister, manage the n)ining affairs of the Office»s.

colony are (1) a receiver of gold revenue, to whom is paid all rents, royalties and
fees in his district

; (2) a mining registrar to carry out the provisions of the act
respecting the registration of any claim held under the jjrovisions of thfi act, or any
sale, lease, surrender, etc., of a claim

; (3) one or more inspectors, whose duty it is;

to see that the provisions of the act are carried out and to visit and inspect mines,
and all machinery used therein.

4. All lands alienated from the crown since 1873, or which may hereafter be Lands may be
alienated (except lands alienated expressly for mining purposes) are liable to be resumed by the

resumed by the government for mining purposes on payment of full compensation miDingparpo^ses.
to the licensee, lessee or owner of the fee simple for the value, other than aurifer-
ous or argentiferous, of the lands and improvements so resumed, and the persons
upon whose application the government has taken action have for thirty days after
the resumption the prioi'ity of claim to occupy the land or any part of it for mining
purposes. Or the lands may be resumed by direct action of the government wnth

-

out petition or application.

5. Crown lands in a mining district may be at any time withdrawn from the Lands in a aiin-

district by jn-oclamation and leased for agricultural purposes for a period of seven "'? district maj-

years, but if such lands are afterwards proven to contain any ujetal or mineral the a^i^turaTpur-
lease may be terminated at a month's notice, compensation for improvements being poses,

allowed.

6. Any pei-son applying for it and paying five shillings in advance may obtain
a miner's right authorising him for twelve months to mine on crown lands in any Miner's ri^ht..

part of the colony not subject to agreement with the natives ; and any number of
miner's rights may be issued to the same person, entitling him to occupy a corre-
sponding number of claims, provided that in respect of each claim at least one
person is employed, who need not be the holder of the miner's right. Similarly a
number of persons may unite and procure a consolidated miners' right, which
may be held by a manager or trustee, upon payment of a sum proportional for al!

the members to that required of one member.
7. Every holder of a miner's right is entitled to enter upon any crown land to Privileges con-

search for gold and take possession for mining purposes of as many parcels of land ferred by a

as the regulations permit, and of such quantity and dimensions as the regulations-
"^""^''^ "8l>t-

direct ; and he is entitled to exclusive possession of the parcel as long as he requires
it for mining purposes, and the claim may be registered.

8. Every claim from and after the day it has been marked out and registered claims must b •

must be continuously worked from day to day by the number of men prescribed by worked.
the regulations (saving that ten days grace is given to the owner of a quartz claim),
and upon failure to comply with this requirement proceedings may be taken by
any person to declare the claim forfeited.

9. Claims of greater area than the regula'^^ions fix may be granted by the
warden, with the consent of the minister, for the purpose of carrying on mining Special elaiina.

operations under circumstances of extraordinary difficulty, o'- involving the expen-
diture of considerable sums of money, or for the encouragement of enterprise in.

prospecting new ground, or as a rewai'd for the discovery of new w:orkina-s.

10. The owner of a claim who desires to obtain a license for the land comprised Licensed hole

in it, or any other person who desires to obtain a license for occupation of land
'"^^'

under the act, must lodge an applicati<in at the warden's office, w^here it is recorded
in the oi-der in which it is receiveil, and deposit with the receiver of revenue such
sum for survey, etc. , as the regulations require, and a further sum of £'5 in respect
of each application ; and after deducting the first year's rent and the cost of survey,
advertising and other expenses, the balance of the deposit is paid back. The wardei^
will fix a day of hearing, and may grant or refuse a license.

11. The principal conditions upon Avhich every license is held are (1) that the
licensee must pay rent at the rate of 10s. per acre during the first three years of the-
term, of 15s. for the succeeding two years, and of 20s. for the remainder of the Conditions «r
term

; (2) that he must carry on mining operations in an efficient manner and •''-'ensss.

employ at least as many competent men as the regulations require : and (3) that he-
is liib'e to pay royalty on all other metals or minerals M-hich may be found in the
1 md other than such as he is authorised to mine under the license. The licensee
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may at any time surrender Ins license in whole or part, and upon the surrender
being endorsed by the warden the rental is proportionately reduced, but no licensee

is entitled to niiike a surrender in part more than twice during the currency of his

license.

12. Every license tf) work a trold mine gives the licensee exclusive right to dig

and mine for gold and silver on the land for a time not exceeding tw'enty-one years,

but no licensed holding under one license can exceed such area as may be prescribed.

13. The governor may issue a prospecting license to any person authorising
him to search for any metal or mineral on crown lands outside the limits of any
mining district and to the holder of such a license who makes a discovery outside

a mining district, he may grant a lease of an area of land for mining purposes not
exceeding double the quantity which might be held as a claim or licensed holding
in the nearest mining district, but such lease cannot be for a longer term than
twenty-nne years.

14. Any person who knowingly mines or employs any person to mine for gold
on land belonging to a private individual without the consent of the owner is

treated as if he were not the holder of a miner's right, and may, in addition, be pro-

ceeded against by the owner for damages.

Other provisions of the act relate to water rights and races, forfeitures,

and the regulations of mines. The latter are very stringent, and appear to

carefully guard the rights and interests of mine-workers. Ample provision

is also made for the administration of justice by the constitution of a

warden's court in each mining district. The amendment act of 1887 pro-

vides that the warden may grant mineral licenses to occupy any crown

lands within a mining district for the purpose of mining metals or minerals

other than gold, silver and coal, subject to the following conditions :

1. The area comprised in a mineral license is not to exceed 320 acres, and the

term for which it is granted must not exceed twenty-one years.

2. The rent is 2s. Gd. per acre, payable in advance.

3. The royalty on all minerals raised cannot be less than 2 or more than 4 pei-

cent, of their value at the pit's mouth ; but in case the amount of royalty exceeds
the sum paid as rent, the rent charge ceases.

4. No mineral license entitles the holder to mine or dig for gold or silver, and
if either of those metals or ore containing them is found within the area comprised
in the license the land on which gold and silver are found must be taken up
as a licensed holding under the act.

Under the regulations the area of ground that may be held under any

license for gold mining purposes cannot exceed thirty acres, and may be in

any form providing the length does not exceed twice the breadth. The size

of a quartz claim is limited to 100 feet in length along the course of the vein

by 300 feet on each side of it, and under this rule no miner or party of miners

can hold more than 1,000 feet along the course. A prospecting claim

may be double an ordinary claim, but not more than six such claims

may be held together as one claim. They must be at least half a mile dis-

tant from any previously existing quartz workings, and be fully occupied

within seven days from the date of the grant. A. prospecting area on a

quartz reef may be 300 yards square in extent, and situated at a distance of not

less than half a mile from any existing quartz workings, and the same dis-

tance from any other prospecting area ; they must be worked continuously by

at least two men during the entire period of occupancy ; and the right to

occupy only continues in force until gold is struck, when claims must be

marked out under the regular provisions of the act.

Other regulations provide for aid towards prospecting being granted by

the council of any county and the government, or by a road board where the
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Counties act is not in force—the government granting pound for pound up to Government and
»^v/uiii;i^:>o t»vu.-. !-, o^r ill municipal grants

£500 a vear in the case of county councils and to £200 in the case of road to prospectors°^' •' -r-j- •^"'^ discoverers.

boards. Under this arrangement one party of two or three men m each riding

of a county may be subsidised at the rate of 15s. per week per man for pros-

pecting new and unprospected country three miles from any main or district

road and from any known workings; and in the case of partially worked

and prospected country within tolerably easy access of road communication

they may be paid at specified rates per foot for sinking, tunnelling and

driving. But in both cases the approval of the council is required before

operations are commenced, both as regards the men and the locality, and each

prospecting party is required to send a report once every month to the council.

Similarly the government grants a subsidy of pound for pound to councils or

boards for the purpose of rewarding the discovery of mines of gold, silver, tin

and diamonds ; being a reward of £100 per 100 miners up to £500 for 500

or more men profitably employed at such mines,

NEW SOUTH WALES.

All grants of land issued under authority of the Crown Lands act of 1884

in ]S'ew South Wales contain a reservation of minerals in the land ; but if Minerals

any mineral is discovered subsequent to the grant, and the owner desires to crown.

mine it, he may do so upon receiving a permit from the government, subject

to the payment of a royalty. The regulations require that he shall make a

return quarterly to the secretary of mines of the quantity and value of

minerals raised, verified by a statutory declaration, and pay a royalty at the

following rates, viz,, coal 6d. per ton, gold 2s. per oz., and other minerals £5
per centum of their market value at the pit-mouth. Lands in proclaimed gold

fields within areas reserved from sale and lands under lease or lawful occupa

tion for mining purposes are exempt from sale under the act ; but the

<Jrowns Land act does not in any other respect affect the right of property

held in lands under the Mining act. The Mining act has been in operation

since 1874, saving in so far as it has been changed in some unimportant Mniing: act of

particulars by four amending acts. Previously all powers and duties in

relation to mining on crown lands were vested in the department of the

secretary for lands, but the Mining act authorised the government to

establish a department of mines and to appoint a responsible minister

with the title of Secretary of Mines who should have the management
and control of the department. The act consists of 131 sections, which
deal with (1) management and regulation, (2) administration of justice and

{3) penalties. Following is a summary of the chief provisions of the act

:

1. The governor is authorised to establish in connection with the department
a school of mines and a mineralogical museum for the purpose of providing instruc- School of Mi-ies
tion by means of classes, lectures or otherwise in geology, mineralogy and chemistry and .Museum,
in their scientihc and practical application to mining pursuits, together with offices
for the assaying of mineral ores, the school and museum to be under the control and
management of the department ; or if thought fit they may be established in con-
nection with the university of Sydney, in which case they are to be under the
control and managemenb of the senate of the university.

2. Eight mining districts are established, each of which may be divided by the „-^ .r i- t
•

tGovernor into divisions, and the governor may appoint a warden for each district
'

"' "^ "" *

to exercise jurisdiction over it, together with registrars, surveyors, engineers and
otlier offi'cers for the efficient performance of the duties of inspection, surveying and

19 (M.C.)
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registration of claims and mines, and of all other duties in connection with mining
and the administration of the act ; but no officer so appointed is j^ermitted to hold,

directly or indirectly, any share or interest in any claim, lease or mining venture
duriiig his term of office.

3. The govei'nor may issue a miner's right to any person applying for one for

a period not exceeding fifteen years at the rate of 10s. a year for every year for

which the right is to be in force, and every holder of a right (or any number of

persons collectively each being the holder of a right) is entitled to occupy and mine
for gold any crown land covered by his right, to construct water-races and dams for

mining purposes on any ci'ovvn lands and use the water for gold mining and domestic
purposes, to erect and remove any building upon and remove unj timber, stone or

gravel for mining or building purposes from any crown lands not by law exempted
from occupation for mining purposes, to make tramways and other roads for the
carrying out of all gold mining operations, and to the absolute property in all gold

found during the continuance of the right ; but no person is entitled to occupy for

the purpose of residence more than one-quarter of an acre in extent. The person
who takes possession of a claim is required within one month after procuring a

right of occupation to register his claim in the office of the registrar of the mining
district in which the claim is situated, first producing his right to the registrar, and
whoever neglects to register his right is subject to the penalties prescribed for

unauthorised mining and his claim may be considered as an abandoned one ; and no
person is entitled to enter proceedings in any court to recover possession or to

restrain the occupation of or encroachment upon a claim unless he is the holder of

a miners's right. Business licenses may also be issued under similar conditions.

4. AUcrownlands dedicated to any public use or which are used as a yard, garden,
cultivated field or orchard, or upon which any house or dam may be lawfully stand-

ing, or which may be reserved from occupation by the governor, are exempted
from occupation under any miner's right or business license ; but the governor
may upon application grant the privilege to holders of miners' rights to construct

drives under lands so exempted providing they can be constructed without injury

to the enjoyment of the lands.

5. The registered owner of a claim upon proving to the satisfaction of the
warden by evidence on oath in open court (1) that the claim is vinworkable from
any cause, (2) that he requires to be absent from the locality for sufficient cause or
is unable by reason of sickness to work the claim, or (o) that the supply of Avater

is insufficient to allow the working of the claim to be profitably cairied on, may
register the claim lor suspension of work for any period not exceeding six months.

6. A lease for gold-mining purposes may be granted to any holder of a miner's
right for a term not exceeding fifteen years, but no lease may embrace more than
25 acres, the length of which shall not exceed twice the breadtli ; except in case of
quartz-veins or lodes, when the lands leased shall not exceed six hundred yards
along the lode by two hundred yards across it. The rent of a lease is fixed at 20s.

per acre yearly, payable in advance.

7. The application for a lease is held by the warden for fourteen days, when if no
objection has been lodged against its issue it is forwarded to the secretary of
mines to be dealt with under the provisions of the act. But should any person
object to the issue of the lease to the applicant he must within the prescribed time
serve a written notice of every objection intended to be taken and deposit a sum
for the purpose of defraying all expenses of a hearing, which shall be in the nature
of an enquiry by the wai'den into the truth of the particulars stated by the appli-

cant and the objector ; and the matter is then referred for the decision of the
governor. In the case of two or more applications being lodged at the same time,
the claim is determined by lot.

8. The person acquiring a lease and making the first payment therefor may
take possession of the land so soon as he has marked out the boundaries in the
manner prescribed by the regulations. In case the land is not surveyed at the time
of lodging the application for a lease by some person authorised by the secretary of
mines the party may deliver a written aj^plication to the warden for a survey of
the land, and if no survey is made at the end of three months the lease holder may
cause a survey to be made by any licensed surveyor.

9. Every gold-mining lease is required to be registered as prescribed by the
regulations, and the land may also be registered for suspension of work the same
as in the case of a miner's right for a period not exceeding six months.

10. Leases for the mining of any metal or mineral other than gold may be
granted subject to the following conditions : (1) The area not to exceed 640 acres
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for coal-mining lots nor 80 acres for other mineral lots. (2) Leases to be for a other mineral

period not exceeding twentj^ years, but renewable. (3) Applications to be made, 'eases and

as prescribed by the regulations, to the warden if the land be within a mining Xuh ti'Tey^are^'^

district, or if otherwise to the land agent of the district or other officer authorised by f^ranted.

the regulations, and to set forth a clear desci-iption of the lots i^roposed to be leased
and I.f the boundary marks or natural features by which they may be identified,

when the applicants may forthwith take jjossession ; but the minister of lands
reserves the right to determine the boundaries of all lots and all other provisions
he may deem necessary for the public interests. (4) Rent is fixed at JJs. per acre,
paj^able annually in advance. (5) Lessees are required to expend at the rate of £5
sterling per acre on their lots within the first three years of the lease, and they may
determine their leases by giving to the minister three months notice of their
desire to do so. • (6) Lessees on application to the secretary of mines in the
nineteenth year of their leases may obtain a renewal for a further period of twenty
years, subject to a fine of not less than £2 10s. per acre ; and full information of
the working and retui'ns of the mine are required to be furnished to the secretary
of mines bj' lessees on pain of forfeiting their claim to renewal. (7) If any lease be
forfeited and notrenewed the lessee has the right within six months of the termination
of his lease|to remove or otherwise disjjose of all machinery and improvements and the
minerals brought to the surface during the term of his lease. (.'S) Upon the breach
of any condition of a lease by the lessee the governor may direct the cancellation
of the lease.

11. In the event of a dispute arising as to the right to any lease the secretary
of mines may appoint a competent oflicer to make inquiry into the dispute, and ^
should it appear that the property is liable to be prejudiced by the working of the

jfs^ut'ed'titles
minerals therein pending the inquiry the secretary may serve upon either party his
injunction for the suspension of all mining operations until the right to a lease has
been duly determined in favor of either party.

12. Where some other mineral or metal is found in the land other than that
foi; the mining of which the lease was obtained and there is a desire to mine it, the ^ftTntion to^^
holder is required to give notice to the secretary of mines and obtain authoiity to work more than
work the same ; otherwise his lease is liable to forfeiture and cancellation for a °"^ mineral,

breach of the condition.

13. The governor is authorised to make regulations prescribing the terms and Regulations
conditions on which rights and licenses may be granted, for enforcing penalties, etc.

He is also empowered to call together a mining board consisting of two members
appointed by the governor and nine members elected by the people to make

'^^"^'"^' '"'*"*

regulations for the working of gold mines, subject to the governor's approval, and
all regulations so approved have the force of law.

The remaining clauses of the act provide for the administration of

justice in mining districts by the establishment of wardens' courts, and for ^he act!'^"^^^
°*

penalties and forfeitures for specific breaches of the act and of the regulations

under it. Various regulations have been adopted dealing with the minino'

board, mineral leases of crown lands, water courses, mineral licenses, occupa-

tion of reserved lands and the construction of drives under exempted lands

mining under public roads, gold mining leases, practice and procedure in i^''g"'^t^o"s.

wardens' courts and the inspection of mines other than coal and shale mines
all of which are published in the seventh edition of the Mining act, 1888.

The regulations of the mining board were published in 1875; they deal

exclusively with mining for gold, and with the duties of mining registrars and
surveyors.

VICTORIA.
The mining laws of the colony of Victoria are embraced in what is

known as the Mining statute of 1865, being an act to provide for the manage- Mining statute

ment of mining interests and the administration of justice in relation to the
^*'^'^'

same. It consists of 246 sections and is divided into three parts, viz. .•

(1) mining management, (2) administration of justice, including administra-
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tion under courts of mines and wardens, and (3) penalties. Following is a

summary of the provisions of the part relating to mining management

:

1. The governor in council may issue to any person applying therefor a miner's

right for any number of years not exceeding fifteen, upon payment of a svun at the

rate of 5s. for every year in which it is to he in force, or maj' issue a consolidated

miners' right on the application of a manager or trustee of any company of persons

who have agreed to work in partnership am^ registered claim or claims upon pay-

ment of 5s. per year for each person in the company. The holder of a right is

entitled to take possession of a parcel of land for gold mining purposes of such extent

and with such boundaries as bye-laws made under the statute may define, and may
also cut and use the timber upon it and may occupy a plot not more than a quarter

of an acre in extent for the purpose of a residence. A claim or share in a claim

may be registered upon the production of the miner's right, when it may be
assigned, encumbered or transferred subject to any trusts or provisions agreed upon
between the parties.

2. A business license may be issued to any person applying for it upon payment
of £2 10s. for six months or £5 for twelve months, under which the holder is

entitled to occupy on any gold field for the purpose of residence and carrying on his

business one quarter of an acre of land, but his property in it is deemed a chattel

interest. He may transfer the license to any other person for the unexpired period

upon expressing his desire so to do before a warden or a justice, and ujDon payment
of a fee of 10s. another business license is granted to the purchaser.

3. A miner'.s right may be renewed upon payment of a fee of os. and a bu^^iness

license upon payment of 25 per cent, of the original fee, and the right of renewal
Exempted lands, holds for one month after the date of expiration. The right of occupymg exempted

lands for occupation under miner's right or business license is the same as vmder
the Xew South Wales act.

4. When land held for business or residence is put up for sale the value of

buildings thereon is fixed by arbitration, and the value so ascertained is added to

the upset price of the land, when if the holder of the license or right is the highest

bidder the value of the buildings is deducted from the amount of his bid, but if

any other person become the purchaser then the holder is entitled to receive out of

the purchase money the value of his buildings as fixed by the arbitrators.

5. The governor may grant to any person or body corporate a lease of any

m^neran'""
^"'^ crown land not otherwise demised under miner's right or business license for the

purpose of mining for gold or other mineral, to be known respectively as a gold
mining lease or mineral lease

;
provided, however, that land held for the purpose

of a residence under miner's right or business license may be leased upon payment
to the holder of compensation for buildings or other improvements upon the
property. In the case of a gold mining lease the term for wdiich it may be granted
cannot exceed fifteen years, subject to a j'early rent of £1 per acre ; and in

the case of a mineral lease the area cannot exceed 640 acres nor the period thirty

years. Any holder of a miner's right who desires to prospect for gold in any place
where sinkuig through basalt is necessary, and to which no part of any gold
workings is nearer than five miles, may mark off" an area of one square mile for

prospecting work, and in the event of his discovering gold in quantities which the
governor in council may consider remunerative the person is entitled to a lease of

any selected part of the area not exceeding one hundred acres in one lot (whether
occupied by a miner's right or business license or not) at a nominal rent and for

such term as the governor in council may determine. Any such license may be
sui'rendered or renewed, with the consent of the governor in council ; but in the
case of a new lease it shall be at the rent which is then chargeable by law, and
subject to the payment of a fine of £10. Leases may also be granted for any watei-

reservoir constructed at the public expense.
6. Any pei'son may procure a license to enter upon crown land not demised, or

not occupied by the holder of a miner s right or business license, to search for an^•
than gold, and to metal or mineral, other than gold, subject to a fee, rent or royalty fixed by the
•construct races • -it- o ' in j. j j. . i_ i

'^ •

and reservoirs, governor in council, licenses may also be granted to construct races, drains,

danis and reservoirs for a term not exceeding fifteen years.

7. A warden may hear objections to the granting of a lease and take evidence
relating to an application therefor, and although an applicant may comply with the

Various pro- regulations the granting of a lease or license is not obligatory* ; but no lease or

dng- leases^^**^ license can be granted until after the lapse of one month after notice of the intention

'Prospectors
ease.

License to search
"for minerals and
metals other
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to iriMiU it has UlVii puMislunl in the uKVoniiiu'ut dazotte and ni sonic newspajvor

oircuhitingin the district within whicli the land is situate. In case any lease Ijicouies

liable to be forfeited by any breach of conditio in or otherwise, the land may recovered

b\- the crown as may be provided by the conditions or by suit in the c<iurt of mines.

8. The governor in council is authorised to make I'cgulations under the act

prescribiniT the term hn- which anv license or lease is to be held, the amount of l!cu'iilariuiis of
^ ? r- 1 -1 ii' i- 11 1- ii 1 1 i 1 1 • 1 the '.;n'.eriior in

rent, royalty or fee to be paul. the ([uantity and sliape ot tlie land to be demi-ea, cnuricil.

the manner in which the land is to be marked out, the mode and time of determin-

ing ujion applications, the manner of dealing with cases when two or more
applications are made for the same land, how leases are to be registered, the

conditions upon which leases are to be issued and the privileges to be enjoyed under

them, etc. ; but no such regulation can have force or etiicacy until twenty-one days

after it has been published in the government Ga/.ette, and every regulati jn or

change thereof is required to be laid before parliament.

'.}. The governor in council may erect any portion of the colony into

mining districts and divide each of such districts into anv number of divisions, ,.*.
. 11 1 • 1- c T ^ II--- r *-- i-i- 1

>lii"'.:_'- (listnots

nx and alter the ooundanes of districts and tlivisions trom time to time, and ami otiit-ers.

determine the number of members of the mining board of each district wliich

may l)e elected for every di\"isioii ; but the number of districts may not exceed

seven except upon an address to the governor by the legislature praying for a

greater number. The governor in council may also appxiint as many ofHcers,

clerks and assistants for each district, division or place as may seem right for the

making of inspection and surveys and registration of chiims and mines, and such
other duties as the giA'criior in coiuicil maj- think fit.

10. Each distrii't is empowered to elect a mining board consisting of ten

member.s, a certain nnndier to be chosen by ballot for each division of the district
mj,,^,,,, i.oanis

as determined by the governor in council, four of whom retire annually by rotation.

None but holders of miner-" rights or business licenses resident in a division,

twenty-one years of age and subjects of the (jueen, are eligible for election to the
board, and the .same qualiticatitm is iXMiuired of voters, each of whom has as many
votes as there are members to be returned for his division. The places of meeting
for the board are fixed by the gox'ei'iior in council, and a sum of £500 is paid
annually out of the consolidated revenue of tlie ccdony for app)ortionnient amongst
the members of each board according to some scale to be adopted by the board and
approved by the treasurer of the colony. The board has power to make bye-laws
for the regulation of mining in its district or part thereof within limit- prc-cril>ed

by the act, which if concurred in liy tlie law officers or the crown and jniblished for

twenty-one days in the government Gazette acquire the force of law ; but any bye-
law is revokable by the governor in c<juncil for cause.

The Land act of 1884 provides that no auriferou.s lands shall be alienated
p • 1 11 11 1 1 1- 111 1- L:uia> alicnateii

m fee simple, and that all lands alienated under the act are liable to be may iio resumed

1 P • • . ., . , I'll' iiiiniiiyr

resumed tor mining purposes by the governor m council on paying full pun.'.ses.

compensation to the licensee, le.ssee or purchaser in fee simple for land and

improvements, but not including auriferous value. The governor may also

grant leases of any crown land not exceeding three acre.s for a term not iirjmhierai

exceeding twenty-one years, at a yearly rent of not less than £b, for the ma^u^fact^^riIl£r

working of mineral springs and the manufacture of salt. The act further-
*'^ ''

more provides that in every crown grant of lands alienated in foe simple, as

well as in every license or lease demised with the riglit of aci^uiring the fee

simple, there shall be inserted a condition that the land is granted suljject to Minors' ri-ht* or

the riglit of any person being tlie holder of a miner's rielit or of a mining •''"•"^'"^'^ '^"^^'s-

lease to enter upon it and mine for gold and silver under the same conditions

and provisions as those to which such person may mine upon crown lands.

provided that payment be made to the owner for surface damage : and any

"warden may hear and determine any claim for surface damage, subject to

appeal to the court of mines.
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SOUTH AUSTRALIA.
The mining laws of South Australia are embraced in three statutes,

enacted in the session of 1888, viz.: (1) the Crown Lands act, (2) the

Northern Territory mineral act, and (3) the Mining on Private Property act.

Under the Crown Lands act lands granted except in pursuance of any

agreement for sale made before a certain date in 1886 are not to be construed

to convey property in any gold, silver, copper, tin or other metals, coal, oil,

g3ms or precious stones ; and the commissioner or any person authorised by

him may enter upon lands so granted to search for minerals or work mines,

provided reasonable compensation for damage is paid to the owners exclusive

of the value of metals or minerals found on the property. Following is a

summary of the provisions of the act which relate to leases and licenses for

mining purposes :

1. Leases of mineral lands may be granted for mining purposes in blocks
Lease of mineral not exceeding 80 acres to any person or company who iirst applies for it ; such
lands for mining 1 ^ i r i. i. t •

.
•

"^
i , -^ j-,i ii i

purposes. leases to be tor a term not exceednig ninety-nine years, and to entitle the lessee to

mine all metals and minerals on the land except gold. In case improvements have
been made on the land the person applying for a lease is required to pay into the
treasvuy a sum to be fixed by the commissioner for their value.

2. The annual rent under a mineral lease is Is. per acre, besides 6d. in the
pound sterling on the net profits of mining works, payable half-yearly ; and for the
purpose of ascertaining the amount of rent so to be paid the lessee or manager of

the leased land is required to make returns to the commissioner certifying the
amount of gross and net profit from the working of the leased land for the preced-
ing six months, subject to a penalty of not less than £50 nor more than £500 for a
wilfully false return.

3. Ev^ery mineral lease contains covenants by the lessee, (1) that he will pay
the rent when it becomes due, (2) that he will not without permission from the
commissioner use the land for any other purpose than mining and smelting minerals,

(3) that he will expend every two years of tlie term a sum equal to at least £6 for

each acre of land comprised in the lease in working the mines, or that during nine
months of each year he will keep one man for every twenty acres employed in

minini,' or searching for minerals, (4) that he will forward the returns required by
the act, and (5) that he will permit the occupier of any adjoining pastoral lands to

have free access to and use of any water on the leased land not provided by artificial

means. Every lease also contains a proviso that it is liable to forfeiture upon
breach of any of the covenants ; but the lessee may surrender his lease on giving

notice to the ct>mmisioner.

4. The commissioner may grant licenses to search for metals and minerals

except gold on any specific mineral lands not exceeding 80 acres in extent, on pay-

ment of a fee of 20s. ; such license to be in foi'ce for one year, and to authorise the
licensee during its currency to search and mine the land and take any minerals and
metals, except gold, not exceeding one ton (or 20 tons with the consent of the com-
missioner), for samjile and analysis only. But no person can hold more than 80
acres of mineral lands at the same time for this purpose, and he must emj loy at

least one man nine months of the term in searching for minerals, or in mining work.
Licen-es less stringent in their provisions may also be granted to search on any
mineral lands.

5. The holder of a mineral lease is entitled to renewal upon its termination, on
Ri^'ht of renewal, payment of a fine or premium to be fixed by valuation ; and in case the lessee does

not avail himself of the right of renewal, or on the forfeiture of the lease, it must
be ofiered for sale bj^ auction.

6. No mineral license includes or applies to any lands held or occuj^ied for gold

mining purposes, but the holder of a gold mining lease is entitled to a preferential

right to a mineral lease of the land comprised in his gold mining lease. Any
mining company may hold any number being not more than twelve gold mining
leases or mineral licenses.

7. The lessees of contiguous lands held under gold mining leases may readjust

or alter the boundaries of the lands by taking out new leases for the unexpired
term, but no new lease can be granted for a greater area than twentv acres.

"Conditions of

lease.

License to

search.

Gold mining
leases.
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The provisions of the Northern Territory mineral act are in the main
jj^j.^^^gj.jj

the same as those of the Crown Lands act, savins; that specific licenses to Territory act.

search for minerals may have a maximum area of 640 acres, and that mineral

leases cannot cover more than 320 acres in contiguous blocks nor more than

640 acres in all at one and the same time.

Under the Mining on Private Property act the governor may provisionally jH^ing under

resume the ownership of any private land for mining purposes for a period of
perty "et.

"^

six months upon a written application being made to the commissioner

desiring the land to be so resumed, and the certificate of an inspector that

it should be resumed for the purpose of mining ; and upon the land being Government

proved satisfactory for mining purposes the resumption may be made owne7ship.^

absolute at the end of the period of six months upon payment of the purchase

money. The land may then be put under license or lease in the ordinary

way. But without the resuming of ownership of the land by the government

any person may apply to the owner of any private land for a mining lease of
(^.j^j^^ to lease

any portion of the land, not exceeding twenty acres, for gold mining. In the P'l^'ate land.

event of the owner refusing to grant a lease it becomes the duty of the

inspector to examine the land, and if he should report that payable metal

exists therein, and that it should be resumed for mining purposes, the owner

must either work it himself or grant a mining lease for it upon regular

application being made therefor ; and in case he refuses the lease may be

executed by one of the judiciary officers. The lease is required to be granted Royalty;

for a term of twenty-eight years, subject to a royalty of 2| per cent, on the

gross money value of the metal raised from the land during the currency of

the lease, and such rent for the surface of the land as may be assessed by the

nearest local court having jurisdiction in such matters ; but if the court is of

opinion that any special injury is likely to arise to the land under the lease,

it may order that the land be purchased. In case the metal on leased private

land has been reserved to the government no royalty is payable to the owner

of the land, but the whole must be paid to the commissioner.

In Queensland, "Western Australia and Tasmania the mining laws and

regulations are in respect of miners' rights, business licenses, mining leases,

the administration of justice and inspection essentially like the laws and Mining laws and

•regulations of Victoria and New South Wales, differing only in details. In other Austraia-

Queensland the discoverer of a new gold field distant more than twenty miles

from any place where payable gold has been previously obtained, on which

not less than 200 miners are employed four months after discovery, the

government may pay a reward not exceeding <£500, and for one on which not

less than 500 miners are employed six months after discovery a reward not

exceeding £1,000 may be paid. In Western Australia a system of reward

claims has been adopted for the discovery of gold, graded according to Rewards for

distance from the nearest occupied gold workings, ranging from two claims '"""ds.

of one man's ground* if distant Over four hundred yards to ten claims if over

three miles and to twenty claims if beyond the limits of a gold field. For

discoveries of gold in payable quantities in. new fields of certain specified

*An ordinary alluvial claim for one man is 50 feet square, and a wet alhivial claim is 50
' by 100 feet.
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divisions of the colony the government may pay a reward of not less than
£500 and not more than £1,000, but not more than one such reward may be
paid in respect of each division. In Tasmania the government may grant
to any person who discovers any mineral a lease at a pepper-corn rent of any
area which may be prescribed.

For a knowledge of the mining laws which prevail in the principal

countries of Europe the writer is indebted to reports made to the British

mi'n?nriaws.
government by her majesty's representatives abroad, "as to the laws in

various countries regulating the ownership in minerals and mining rents and
royalties," presented to parliament in 1887. Only a brief summary of the

reports is given.

F R AN C E .

The payment of royalties in France was abolished in 1789 and all mines

Mines are the ^^^^ declared to be the property of the nation, reserving to the owner of any

SE*^'"**
"^^ ^^^^ *^^^ ^'^S^^ *° ™i^6 "Pon it provided he went no further down than 100-

feet. This law was repealed in 1810, but the new law re-enacted all the old

provisions saving the right of the owner to open shallow mines without leave ;

and in its chief features the act of 1810 is the present law of the country.

Right of private No person can try or prospect for minerals, whether with or without the
land owners. £ i

assent or the owner of the land, unless he has previously arranged to pay the

owner an indemnity ; and if the works are so far temporary that the ground
may be cultivated as before at the end of one year, the damage cannot be

calculated at more than twice the net return of the land occupied ; but if the

works should deprive the owner of his ground for more than a year, or unfit

The government it permanently for cultivation, the explorer must buy the lot for a sum not
concession. j j i i

•

to exceed double its value before occupation. No mine, however, can be

worked without a concession from the council of state, the obtaining of which

creates a new property even to the owner of the soil, independent of and

separate from that of the surface and transmissible like any other. As soon

as the concession is obtained—and it may be granted to foreigners as well

as to citizens—the concessionaire is bound to pay yearly rents to the owner

Rents. of the Surface on the whole extent of the concession, and also for the surface

area occupied by his machinery and plant ; also a yearly rent to the state,

besides 5 per cent, of the net produce of the mine and a small sum additional

to form a relief fund for accidents.
/ GEBMAKT.

Law of ibfih.
"^^ mining laws in Germany are not uniform throughout the empire,

but the Prussian general law of 1865 has been extended to most of the

other states. The minerals are not at the disposition of the owner of the soil,,

but it is a moot question whether they form before the right to work them is

obtained an integral and judicially indivisible part of the ground and soil, or

Licenses.
" things without ail owner." This, however, is of no real consequence as

under the general mining law all persons (including the owner of the land)

who dig for minerals without a license obtained from the state mining

authorities are punishable by fine or imprisonment. A claim to license is recog-

Rightsofthe
^i^ed as belonging to the person who has discovered the mineral in its natural

surface owner, state and makes an application for the concession. The license is granted for

limited and bounded areas, which are marked out by straight lines on the
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surface—the boundaries underground being lines vertical to the horizon.

This license or lease conveys absolute right to work for the mineral mentioned
therein within the prescribed area ; and once it has been given it can only be
cancelled without the licensee's consent when the higher mining authorities
have decided that this step is necessary on public grounds. The law of 1865
does not recognise that the owner of the soil has any claim to a royalty, rent
or similar advantage of the nature of compensation for the raising of minerals
which may happen to underlie his property

; but the owner of the mine is

obliged to give full compensation for such surface portions of the property as
he may require, as well as for any damage he may cause to the property or its

appurtenances by his mining operations. An essential feature of the law is Tax or royalty

that which provides for the payment of a tax or royalty to the state on all sut?'^

mineral properties except iron mines, rock salt mines and brine works,—the
form of levy being (1) a tax on the gross produce, as in Prussia, (2) a tax on
allotments, as in Hesse, (3) a combination of both, as in Alsace -Loraine, or

(4) a general tax on industry, as in Wurtemberg. The royalty in Prussia is

two per cent, to the government; and the mine owners are required in -^liners" aid fund.

addition to pay certain charges to the miners' benefit fund, to ensure assist-

ance to the miners in case of illness or accident, and to provide for their
widows and children.

A U S T R I A-H U X G A H Y.

In Austria the state claims sovereign rights over all minerals. A permit
to search is granted on application, but it is limited to a certain district, the Permits,

area of which must be accurately stated. Having obtained a permit, the next
step is to apply to the authorities for one or more free diggings in the district,
each of which is to measure not more than 424 metres (1,391 feet) in diame-
ter. An arrangement must then be concluded with the owner of the land
where the opening is proposed to be made ; and if a purchase of the land is

intended, and the parties cannot agree on the price to be paid, the value is

fixed by sworn experts appointed by the mining authorities, whose valuation Rights of ow,ers

must be accepted by the proprietor. He may also be forced to cede his pro-
"' '"'''

perty temporarily at an annual rent, to be fixed by sworn experts, in which
case the land reverts to his free use after the working of the mines has ceased,
but this plan is of rare occurrence. No royalties are paid to the state, but cfpaftrxts""""*'heavy rates of taxes are imposed for both state and municipal purposes.

ITALY.
In Italy the old laws which obtained in the independent states before the

unification of the kingdom still continue; hence the most contradictory no unifom, ,aw,„„_j.__. r 1 1 7 • -1 -r '^ iNouniiorra lawssystems are found side by side. In all upper and central Italy, with the ex-
fo"" the kingdom,

ception of the Tuscan provinces and in the island of Sardinia, concessions are
granted by the government ia favor of the discoverer of a mine, or of any
other person who may furnish a sufficient guarantee of his intention to under
take the working of it. In the provinces which formed part of the late king-
dom of the two Sicilies, when the working of a mine is not undertaken by
the owner of the soil, concessions are made by the government in favor of any
duly qualified applicant who possesses the means of undertaking and carrying
on the work

;
exception being made in the case of sulpliur mines, which can
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only be worked by the owner of the soil. But sulphur works in Sicily are

still subject to the supremfe regalian rights of the state, and the owner of the

soil may not open or work them without a special license, and upon payment

once for all in recognition of the sovereign rights of a sum of 127^ francs.

In the Tuscan provinces mines are the absolute property of the owners of the

soil, saving iron mines of the island of Elba and the territory of Piombino ;

these belong to the state domain, and may be conceded to any person upon any

terms. Various attempts have been made in the Italian parliament to intro-

duce a uniform law for the whole kingdom, but so far without success. All

owner of mines, however, are required to pay an income tax of 13.2 per cent,

on the produce of their mines, independently of any tax imposed by the

various mining laws.

BELGIUM.
Everything above and below the soil was recognised by the old law of

Belgium as belonging to the owner, but this was completely changed by the

imposition of the French law, passed by the French imperial government in

1810. This continued to be the law of Belgium until 1837, when considerable

changes were made looking to fairer treatment of the land owners. By the

law of 1837 the land owner, like the state, receives a double royalty, the one

fixed by the act of concession, but in no case to be less than 25 centimes per

annum for each hectare (about 5 cents for each 2^ acres) ; the other propor-

tional, from 1 to 3 per cent, on the net product of the mine. In both cases

the rates are determined by the board which grants the concession, and the

amount is divided among all holders of land included in the concession in

proportion to the extent of their holdings. The law also provides that the

owner of a sufficient extent of land, who possesses the necessary capital, is

entitled to the concession.

PORTUGAL.
The right of private ownership in minerals is recognised by the law of

Private owner- Portugal, but the control over and management of mines is entrusted to a

ship recognised, committee of public works, which is subordinate to one of the state depart-

ments. The government may through this committee grant permission to

search for minerals in land which is national property or the property of

municipalities, and may also authorise search to be made on private lands

without the consent of the owner of the soil, but subject to an engagement on

the part of the explorer to indemnify the owner for any damage he may cause.

Previous to commencing operations on private land the lessee must either

compensate the owner by paying the value of the land set apart and one-fifth

part of the value in addition, or he must give security to the full amount of

any injury that may result. In all cases where shafts have to be sunk or

galleries constructed the previous consent of the government is necessary, and

this requirement applies to the owner as well as the lessee of a mining pro-

perty ; any person who does so work a mine is liable to have the fruits of his

labor appropriated by some other person registering himself as discoverer and

obtaining a concession. The scale of royalties as fixed by the decree of 186i'

requires the lessee to pay to the state a sum not exceeding 5 per cent, of the

net production and a sum not exceeding 2^ per cent, to the owner of the soil.

Right to ex
plore.

Government
consent is neces
sary to work a
mine.

Royalties.
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the annual rent being always one-half of the proportional royalty exacted by

the government ; but in the event of the government converting the propor-

tional royalty into a fixed amount, or suspending temporarily the payment of

a royalty, the parties may either agree upon the sum to be paid to the owner

or the government will fix the percentage within the legal limits.

SPAIN.

Any person or company may own mining property in Spain, with the

consent of the state and subject to certain conditions. The law deals with classes o

minerals of three classes, viz. : (1) all materials used for building purposes

and found in quarries, (2) surface metalliferous deposits, and (3) metalliferous

mines, coal, oils, sulphur, precious stones and kindred substances. Mineral

substances of the first class found on private property appertain to the owner

of the land, but if they can be utilised in any industry the owner is bound

to quarry them within a specific period, or on the application of any other

person the deposits may be expropriated. When found on govei'nment or

common land any person may utilise them, with the consent of the govern-

ment. Deposits carrying gold and tin, or other river deposits such as yellow

and red ochre, may be utilised without previous permission. Under certain

conditions any person may examine the surface of the land for minerals, and

if the owner refuses consent the civil governor of the province may grant

permission upon application being made to him. In order to obtain owner-

ship of a mine a petition is addressed to the civil governor, who instructs a License to

government engineer to examine and report upon the property, and if signs

of minerals are found the concession is at once granted, and the property

must be marked out within four months after the concession. A mine is

reckoned to be a rectangle measuring 200 by 300 metres, and of indefinite

length ; but in the case of iron, coal, bitumen and sulphate of soda the Area of mines.

limit is 300 by 500 metres. Mines of 200 by 300 metres pay an annual

royalty to the government of ^63, mines of 300 by 500 metres pay £2, and Royalties.

scoriae mines and surface deposits pay £4 for every 40,000 square metres.

SWEDEN.
The rights of property in mines in Sweden are regulated by the mining

law of 1884, The owner of the land is not entitled to the minerals found Mining law

in it, except in the case of minerals in the lakes and swamps, and no mines

can be worked without a license. Whoever wishes to work a mineral vein,

whether on his own ground or that of any other person, must make a written jjinino- license

application to the mining inspector of the district for a mining license, and

and this license when granted refers to a certain area with perpendicular

boundaries. As long as work of exploration is continued the holder of the

license must compensate the owner of the ground by payingThim in advance conditions,

an annual rent for the area occupied, and under pain of losing his claim he

must commence "working within at least eight months from the date of the

license, unless a hindrance occurs over which he can have no control. The
owner of the ground, however, is entitled to share with the holder of the

license in the mining and the profit derived from it to the extent of one-

half, and it is optional with him to use either his whole share or part of it.

In the case of a crown tenant or occupier who holds by pei'petual lease,

I
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the same right is enjoyed as is secured to an owner ; but any one entitled

to a ground-owner's share, and neglecting to make application for the iise of

it, forfeits the right to such share. The allotment staked out under a

license may not, excepting under special circumstances, exceed 200 metres

square, and the fee to be paid to the owner must be decided on the staking

out of the allotment, either by agreement between the parties or by official

appraisement. Mining work within any licensed area must be carried on

upon such a scale as to equal the cost of blasting 10 cubic metres in the

mine every year, but the owner is entitled to perform in one year the work

he is bound to perform for several years, not exceeding four. Instead of

this obligation the owner of the mine, if he prefers to do so, may pay an

annual fee for each allotment of 50 kronor (about $13.50), half of which

goes to the crown and half to the owner of the ground ; this right, however,

is not admitted unless obligatory work in the mine has been performed for

at least three years. In the case of the owner of the mine being also the

owner of the ground, he is bound to pay only the portion of the fee which goes

to the crown. In case of failure to perform the obligatory work, or to pay the

annual fee where the payment of such fee is admitted, the mine and the

privilege based on the license become forfeited at the end of the year, pro-

vided that a complaint be made to that effect within two years from expira-

tion of the working year during which the neglect took place. In case of for-

feiture, or the loss of a mining claimant's right in any other way, the whole

real property in the mine reverts to the owner of the ground without any

compensation, saving that any ore that may have been raised is allowed to

remain on the ground on account of its owner for two years free of expense ;

and any machinery remaining in the mine, constructed for its support and

durability, becomes the property of whoever afterwards acquires a legal title

to the working of the mine. No foreigner is allowed to work a licensed

allotment, or carry on mining in the kingdom, except by making special

application and obtaining permission from the king. Formerly a payment

of 10 per cent, for certain privileges granted by the state was exacted, but

by a series of agreements between the state and the mine-owners this tax

for the privilege of working mines has heen abolished, excepting in two dis-

tricts. With this exception the mining industry is now only subject to the

ordinary income tax, and the payment of a fee of 10 kronor (about ^2.70)

for an act of concession.

NORWAY.
By the Norwegian mining law of 1842 the right of raising lake-ore and

limonite is reserved to the owner of the ground, and by the law of 1869 the

same right applies to the obtaining of alluvial gold ; as regards all other ores

and metals, the owner of the ground has no special right, except the privilege-

of participating in the working of the veins. Any one who discovers a vein

may notify the constable of the parish or magistrate of the town, which notice

when communicated to the owner of the ground and published at the church,

or in any other customary way, gives the person who presents it a preferential

right for a period of eighteen months to obtain a certificate of permission to

work the mine. Applications for such permission must be made to the super-
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intendent of mines, and be accompanied by a specimen of the ore ; and the
person who obtains permission to work a metallic vein and duly publishes
his certificate may claim an allotment of ground on which he may be exclu-
sively entitled to such working of the mine as is stated in his certificate.

But to prevent forfeiture of the privilege so obtained the mine must be con-
tinually worked, otherwise a respite must be applied for within a month
from the time the work has ceased. The right of working a mine is limited .Ground-owner's

by the right of the ground-owner to participtate in the work to the extent of
'"*^'"^'*'

a tenth part of the claim, and in case the ground-owner does not choose to
avail himself of this right he is at liberty to transfer it to others. No tax is

paid for the working of a mine, either to the government or any private
individual, but the officer who draws up the certificate of permission and
grants respites is entitled to certain fees. It is a disputed question whether
foreigners may search for ore at all, or acquire the privilege of working a
mine.

SUGGESTED CHANGES IN THE MINING LAW.
III. In considering any proposed change of the mining law of Ontario

regard must be had in particular (1) to the system of land tenure which
obtains in the country, (2) to the effect of laws and regulations already tried,

and (3) to the provisions of the mining laws of the United States.

It may be that tenure in fee simple is not the best. The lease system
has strong advocates among the friends of so-called land-law reform, and it is Tenure of the
upon trial on a large scale in New Zealand and in the Australian colonies.

'^"'*-

But in Ontario, where the great majority of occupiers are owners, it would be
difficult to persuade people that any other system is better. The merits of the
lease system were carefully weighed before the adoption of the first mining
regulations, and in all the changes made since that time the only approach
to the adoption of that system is found in the licensing provisions of the law
relating to mining claims in mining divisions, in which respect it has failed

altogether. As long as the law permits a miner or other person to become
-the owner of 80 or more acres of mineral land, it is not likely that he will be
content to take up and work a claim of 200 feet square. Still less is the
American or other foreign capitalist likely to invest money in a leasehold in
Ontario, when in a neighboring state he may procure a mining location under
an absolute title. But while it does not appear that the land tenure of
Ontario ought to be changed in the mineral-bearing regions, or even that
there is a desire for such change, there are several particulars in which, as
exemplified by the experiences of our own and other countries, changes in the
law might conduce to larger and more continuous development of our mineral
wealth.

We have in the northern and north-western regions of the province an
area of 100,000 square miles, mostly wilderness. A large portion of this area claims of the
lies m the Huronian formation, which is mineral-bearinff, and from the di^

explorer to

_„, -111,. * consideration.
coveries already made there is reason to hope that it is rich in at least some
of the precious and economic metals. But even the best known sections of
it have been imperfectly explored. It is, indeed, a difficult countrv to explore,
being for the most part a forest land, remote from settlement, dotted with

I
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numberless lakes and intersected by deep-flowing streams and rivers. The

prospector who ventures out into it has constant hardships to face. Supplies

must be carried on his back, he cannot travel lar without being obliged to

return and lay in a fresh store, and unless provided with a canoe his course is

often impeded by the lakes and rivers. The timber, undergrowth, leaves and

moss often hide the mineral -bearing veins from his sight, so that for the most

part his way lies along the banks of tortuous streams or the rugged escarp-

ments of the mountain ranges. And when it happens that his toilsome

wanderings are rewarded with the discovery of a mineral vein, he may be

obliged to spend a season in testing its value—packing in from time to time

necessary supplies of food, mining tools, explosives, etc., and packing out the

specimens for assay or analysis. Besides, the mosquitoes and black flif s

make life in the woods almost unendurable until half of the short season for

exploration is over. Under these circumstances the explorer has special

claims for consideration at the hands of the government. Without his oflBces

long years may elapse before the mineral riches of the country are made

known, and even with the most favorable conditions much skill and experience

are required to make the search thorough. Whatever, therefore, can make

easier the task of the explorer, or encourage his undertakings in old or new

fields, ought not within fair and reasonable limits to be denied to him. It

may not be advisable to subsidise exploration in new fields and offer rewards

for the discovery of ores or minerals, as is the practice of New Zealand.

Such a policy is likely to lead to abuses, even in the case of men regularly

employed by the government as explorers or prospectors. But the explorer

ought to experience no difficulty in procuring information as to locations

already claimed or patented, and no delay in filing a claim when he has made

a discovery. In almost all mining countries he deals directly with local

Local agencies, agencies or offices, where records are kept of every transaction in mining

lands and where claims are entered as soon as they are made. The work of

the department is limited to issuing patents when the conditions of purchase

are complied with, and deciding important matters of dispute when these arise

The explorer is not obliged to waste his own or the department's time in eliciting

information of the most ordinary kind in his business aflfairs. At the local

office be learns what the terms and regulations of the department are, he

ascertains what portions of the district are available for exploration, he pro-

cures official maps of the district, and if so fortunate as to make a discovery

he files and proves his claim to a location in accordance with the regulations.

In giving effect to this plan in Ontario it would only be necessary to authorise

the local officers and agents appointed to carry out the Public Lands act to

carry out in like way the General Mining act. This change, it is thought

,

would operate in the interest of the explorer in almost all matters of adminis-

tration, and would also tend to put a more effectual stop than is now possible

on the practice of "jumping " claims. The best protection to the poor man is

possible under local administration of the law, with right of appeal in all cases

to the department.

The present law permits any person, alien or citizen, to explore for

minerals on any public lands not already marked or staked out and occupied..
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and in this respect it is deoidedly more liberal than the niinini,' law of the
United Statts. It also provides tliat such lands may be sold as mining lands
when they are - supposed " to contain minerals. In many other countries the
law makes discovery a prc-requisite to the tiling of a claim—t'le etlect of which '>i^>k

is to ascertain with some degree of exactness the extent of the mineral wealth n'.|uisit' 1

of the country, and to put a che';k on the purchase of mining land f^^j,

"""-'""' ^•'^'•'

speculative objects. The evidence taken by the (Commission proves that in
some districts large areas have l)een taken up in this way, on the strength of
a reported local discovery, without personal examination of the land, without
seeing it, and generally without the expenditure of a dollar for an explorer's
report upon it. Were the law to require that no application could Ix; enter-
tained until after the discovery of a mineral vein or deposit within the limits
of the location claimed, it would doubtless lessen this evil very materiallv, if

it would not make an end of it altogether.

The statistics of the sale of mining lands during the last forty-four years
do not give reason to believe that purchase by speculators has been carried Extent ui.d ,u;i

on to the extent many persons allege. Neither does the taking up of many h"d 'L'hS
locations or large areas by one i)erson or company appear to^ be a common

""' '''''""'

practice. The most extensive purchases were made in the early days of min-
ing excitement in the country, under the first regulations governing the sale

of mining lands
;
ami although frequent efforts have been made to limit the

sales to individuals, they have been fruitless of results. The regulations of

1853 provided that in respect of certain minerals an individual might take
possession of a tract not exceeding 400 acres, and those regulations were con-
tinued with various changes down to 18G9. When the mining bill of that
year was under consideration the commissioner of crown lands (Hon.
Stephen Richards) was asked if he had any plan for preventing capitalists

from taking up large quantities of territory. Mr. Richards replied that he
had not, and is reported as saying

:

A former government introduced a policy under wliich no one individual could
take up more than one lot of 400 acres. This was evaded bv an individual taking
up other lo:s m the name of his friends. Xot long since" a party called at the
crown lauds department who. I have ascertained, has thus aecnured a title to
eight lots.

A leading member on the opposite side agreed with the connnissioner that
frauds of this kind could not be prevented by statutory enactment, and that
it was idle to cumber the statute book with provisions which were sure to be
evaded. Still it may be urged that a statutory provision to lindt the number
and extent of locations for which one person may take out a patent would
operate to prevent speculation in mining lands, especially if the -rant was
made subject to working conditions. Such minerals as copper and ii-on

require locations of larger area than gold and silver, especially where it is

proposed to establish smelting, treating or reduction works in connection with
the mines. It would be necessary, therefore, to adopt more than one limit
for the various ores, if it was thought advisable to fix a maximum area by
statute. But a matter of perhaps etiual importance is to determine ho«- small
an area of mining land one person may acquire by purchase from the crown.
The present law provides that a location shall be at least 40 chains in len.-th
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Mini^un. a.ea by 20 cbains iu width, containing 80 acres. It has already been stated that

of a location.
^^^ jj^easure, as originally presented to the legislature, fixed the extent ot a

location at 320 acres, but that the views of members were met by placing the

minimum at 80 acres. Two or three members urged that miners should be

allowed to take 40 acres, and speaking to this proposal Mr. Blake said :

T a,ii told that a block of 400 acres comprises the richest and almost only pro-

ductive terrUoxy in Nevada, w.ich produces from sixteen to twenty mdhons of

dollars avear A very considerable number of companies are workmg on it. One
doilais a Jear- ^^« y

fourteen millions of specie in four years from a ridiculously
,

the number ot men AMio ^^ ^^ greatest enterprise iu actual explorations.

Tl
' Sfhed^^eh^^^i^^ c! eS facilities to this class of men-by giving them

SfprftoLyTL 't£^^^^ by.giving them the power to buy a less quantity

of land than is provided for in the bill.
^ ^

There are those who say that the occurrence of minerals in Ontario is

Sn,a.nocations. ^^^ of a nature to warrant the government in permitting sales of ^^^^^o^^' '

tions, such as are provided for in the laws of British Columbia and the tJnited

States • but in the light of recent developments in the silver mining aistrict of

lake Superior, and the copper mining district of Sudbury, it does not seem

that a location of 20| acres (1,500 feet by 600 feet) is too small for the carry-
,

in. on of successful operations. Everything depends on the richness of the •

lole or deposit, and if the conveniences of the prospector or miner are better
|

suited with the privilege of buying 40 or even 20 acres instead of the present

minimum of 80 acres, the country stands to gain rather than to lose by

accommodating him with the smaller area. It may be assumed that, within

reasonable limits, the larger the number of mines with separate and indepen-

dent owners there are in operation upon each known lead, the more satisfac-

tory will be the progress of mining industry in the country. But much will

depend on the amount of capital that the mine-owner puts into his business, and

the energy and skill with which the work is carried on. One strong company,

if not hindered by a too narrow area, may employ more men and take up

a,ore minerals than half a dozen weaker concerns ;
and, providing that work

ing conditions are imposed and enforced, it does not seem that a useful pur-

pose can be served by a provision the effect of which may be to bar the

profitable investment of capital.
u ..,0

The cost of the survey of locations is regarded as a grievance by some

r->- ^\ prospectors, more especially that provision of the act which requires that a

"''
Lation in unsurveyed territory be connected with some known point in

previous surveys, or with some known point or boundary, at the cost of the

applicants. It may happen that a mineral discovery is so ^^^

^^'^^'I'l]
previous surveys or other known point or boundary as to -^^Jh^ ^/^
running a connection line very expensive, and in a case of this kind the

practice" of staking claims might be recognised until such time as the_taking

* Mr Cumberland had suggested the sub-division, of locations imo sections of 80 acres

each, andSsuggestion was accepted by the commissioner.
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tip ol other locations brought the cost of surveying a tie-line, by apportion-

ment, within the limit of a reasonable charge. It is essential, however, that

all locations for which patents have issued should be laid down in the office

tuaps of the territory in the crown lands department, and no patent ought

to issue until a survey is made connecting the property with some corner of

the public surveys or some permment monument or natural object. The

applicant for a staked claim might meantime be protected in his rights, with

leave to work it upon payment of the purchase money unless such work was

in fulfilment of the conditions for taking out a patent ; but protection without

development ought to be for a short fixed period. Concession of the right to

stake or mark out locations in surveyed territory is a matter of less conse-

quence, as no difficulty is likely to be experienced in procuring surveys;

still, if this plan enabled prospectors to file claims with greater readiness and

certainty, it ought to be freely allowed. Either an official survey, or such

other description of the location by reference to some natural object or per-

manent monument as will identify it, might be accepted as satisfactory in

making the application for a claim.

It is easy enough to exact conditions for improvement of a location

between the time of applying for it and the issue of the patent, and the Working con-

practice which prevails in some countries of requiring an expenditure of a

specified sum of money for labor each year for a term of years before granting

the patent is commendable. But where land is sold outright, without reser-

vation of any kind, it is difficult to apply working conditions. And it is

doubtless true that a very large [proportion of the mineral lands sold in

Ontario during the last forty-four years is held in a state of non-development.

The owners cannot be forced to undertake mining operations, and prospectors

have no rights in any discovery which they may make upon the lands. A
number of persons examined before the Commission have recommended a

change in the law whereby parties holding mineral tracts in a state of idle-

ness should either be forced to begin and carry on mining operations them-

selves, or concede the right of mining to others upon a royalty. But both

of these plans are open to the objection of interference with vested rights,

and therefore contrary to the genius of our legislation. The best and perhaps

the only remedy for the evil would seem to be that which has been adopted

in New Zealand and South Australia, viz., the resumption of such unworked Th n wz
lands by the government as are believed to be valuable for mining Durnoses 'and and South

•^ ° o f f J Australia

upon payment of a reasonable compensation and holding them for re-sale ""eniedy.

subject to development conditions.

There are some persons who favor a I'eturn to the system of reservations

and royalties abandoned and made void by the act of 1869. By that act all Reservations

lands for which patents had issued were declared to be thenceforth free and
^^ ^°^^

exempt from every royalty, tax or duty, and the gold and silver reserved in

any patent theretofore issued were declared to have passed with the lands in

fee simple to the owners. The act also declared as to the future that no
reservation or exception of gold, silver, iron, copper or other minerals should

be inserted in any ^patent granting lands in this province sold as minint^

lands. Those interests, having been surrendered by the crown, cannot be

20 (m. O.)

li
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regained except by purchase from the private holders, and justice would

require the taking of this step if it was decided either to reserve minerals or

impose duties upon them as conditions in the sale of public or mining lands

hereafter. To place a burthen or a restriction upon the mining industry in

one section of the country from which it has been freed in another would be

a fruitful cause of irritation. But even if the policy of restricting and

burthening the industry could be generally applied, no one can believe that

greater activity would follow. One might with as good reason hope to see a

man's locomotion improved by attaching a cannon ball to each of his legs. At

any rate, as long as mineral development in Ontario continues to depend

largely upon investments of foreign capital, and especially of American capital ^

a liberal policy must be followed ; mining lands mur.t be not less free here

than in the United States, where with the single exception of New York

there is neither reservation nor royalty. So, also, as regards the leasing of

mineral lands, the influence of the United States system would make its

adoption well nigh impracticable here.

The underground boundaries of mining locations are not fixed by the

law, and were a dispute to arise great difficulty might be experienced in

getting a decision. It is only in the case of claims in mining divisions that

the law pretends to say what these boundaries are, and what it does say is as

mysterious as the utterance of an oracle. The act of 1868 provided that "the

ground included in every claim shall be deemed to be bounded under the

surface by lines vertical to the horizon; " and while this clause is retained in

the act of 1869, another is added the efiect of which appears to be to give

to the licensee the right of following the vein laterally to any workable

extent. " To the depth to which the same can be worked" are the words

used, but by some lawyers this phrase is construed to mean only as far as the

vertical boundary. The liberal construction is doubtless the proper one in

the interests of miners.

In another and more important respect the act is also defective, viz :

provision for the health and safety of miners, and security of their claims

against employers. It may be that the general provisions of the Master and

Servant act, the Mechanic's Lien act and the Wages act afford sufficient

facilities to mine workers in the collection of wages, althouo;h there are

circumstances of mining employment which may be ' thought to demand

special legislation. But as regards the health and safety of miners, little or

no protection is afforded by our laws applicable to mining in Ontario ; and

although no law can ensure workmen against fhe occurrence of accidents or

the effects of foul air, it is none the less necessary that every possible pro-

vision for their health and safety should be made by the law. The British

and the New Zealand regulations are valuable models of this kind of protec-

tion.

If the law also required the owners of working mines to make yearly

returns of their operations to the government, showing the extent of mining

work done, the quantity and value of ore or other material raised or quarried,

the quantity shipped to market, the number of persons employed aud classified

rates of the wages paid, together with plans or maps of the mines showing

H



I

307

exact measurements of the work, it is believed that a useful public purpose

would be served thereby.

The prevention of forest fires is a matter of supreme importance to the Forest flre«

country, but, unhappily, it is one in which the interests of the general public
lilgtiictJ^

and of the explorers for minerals are not identical. Where the land is

heavily timbered and the soil covered with moss and decayed vegetation, as

is the case in extensive regions throughout the northern part of tJie pro-

vince, it is ditiicult to prospect for ore-bearing veins; and although it would
be unjust to charge explorers with purposely setting out fires for the object

of facilitating their own quest, it is an undoubted fact that a burnt district is

more easily searched than one covered with primeval forest. The explorer's

interest does not lead him to exercise great care in the prevention of fires,

and he is more likely to view their outbreak as a good turn done to himself

rather than an evil one to the country. The law to preserve forests from

destruction by fire, being chapter 213, R. S. O., 1887, is ample enough in its

provisions ; but it is generally supposed to apply only to lumbering parties

and railway companies. To remove this misapprehension and make the law a suyirtated

known to other parties whom it specially concerns, it is suggested that pros-
''^"'*^'-'-

pectors for minerals be required to take out an annual license to explore, issued

by the department or any local land agency at a nominal fee for a specified

territory and having a copy of the act attached thereto ; and that in the

case of a party of explorers employed by any person, or company of persons,

the requirements of section 8 of the act should apply.

The mining division system of the present law has failed so hopelessly The mining

in practice that it does not deserve serious consideration ; nevertheless some
'''^'*"'" system,

features of the system are worthy of being retained in the act, such as those

which relate to the inspection of mines and the observance of conditions under

which claims or locations are held.

William S. Gibbon—The mining laws at present in force I tliink operate against
the poor prospector, and retard the development of the country. I think it would Eneoumte tbe
be wise to copy the mining laws of the United States, and allow the prospector to prosptctor.

put down his staked and mark oflf so many chains and require him to do so much
work everj^ year. The taking up of land to hold for speculative purposes has just
commenced in this section, and if allowed to continue will tend to retard the deve-
lopment of th« country. I think the proper remedy would be to compel the per-
formance of so much work, say for five years, and at the end of that time the
prospector should be given his patent in fee simple ; I think that would be better
than giving a lease, as is done in the case of timber lauds. If allowed to stake out
claims as in the United States, the result w^ould be a great increase in the number
of prospectors.

Thomas Frood—Under the present mining laws the poor man is at a dis-

advantage; he is required to pjaj'for the land in cash when he makes his application,
and very few pi-ospectors are in a position to do tliat. I have had to give away 95
per cent, of mineral land to secure tlie other 5 per cent. I think it would be wise
to place mineral lands on the same footing as timber Icinds. When an explorer
makes a discovery he should send information to the crown lands department

;

the department should then send an expert to examine ir, and if the discovery
proved to be of value the pnjspector should receive a percentage of what the pro-
perty sold for at public auction. All mineral L'.nds should be ndvertised for sale
once a year and sold. By adopting that system the country would receive the
benefit of the speculative value, while at the same time the prospector would receive The specu)a»ive
a fair recompense for his discovery. Conditions might be imposed compelling the '^a.lue of mineral

performance of a certain amount of work, or if the government tliought proper a
royalty might be paid. The same principle is carried out in regard to the timber
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Bales, and I think the best possible prices are realised. In dealing with this matter
the amount of purchases by companies should be limited. I think more capital

would have been invented in the Sudbury district if speculators had not been
allovs'ed to buy up the land. I have had no experience as to the working of the
American mining law, but I think I may add a suggestion to what I have already

said, that the prospector should be allowed to take up a small quantitj' of land, say

10 or 12 acres, instead of as now being compelled to purchase 80 or 160. I also

think it would be well lor the government to place one officer with a good deal of

authority at Sudoury and another at Po'.t Arthur, to deal on the spo* with ques-

tions of title and other matters ; it would save a great deal ol trouble,*and prevent

a great amount of litigation in the future.

Henry S. Hedges— I think there ought to be some change in the law, so as to pro-

tect poor men like myself. I thi;ik the prospector should have the right to stake

out his claim, and should be protected till he has time to purchase the property at

the end of a number of years, he having to do a certain amount of work.

James Miller—I think the prospector should have the right to stake out hi-

claim, and hold it by doing so much work each year. I also think it is a mistake

to sell larg > tracts of land to speculators. I do not think it would be unjust to

have the right of prospecting on vacant private lands, the prospector in the

event of making a discovery to have a share in the find.

R. E. Bailey—I live in Milwaukee and I am at present and have been for a

number of years engaged in mining. I have been prospecting since 18G8, during

four years of which time I was in South America—Cbili, Peru, Eqnador and the

United States of Colombia. I have not been engaged in mining all the time since

1868. By trade I am a millwright, but I have always been engaged setting up
mining machinery. While I was in South America I was exploring. After coming
back from there I weiit to the mining districts of Colorado, Idaho and New
Mexico. In every mining district 1 have been in I have always done prospecting

and acquired property. I came here a year ago on the 24th of July, and am now
acting for the .Algoma mining syndicate and the Imperial land and mining syndi-

cate, both of Milwaukee. The mining law.s here are not fair to the prospector,

and some way should be devised to protect hiui. Land should not be sold to be
held for speculative purposes. Every man having a claim ought to be compelled to

do a specific amount o*^ work every year ; that, I think, would be better than taxing

mining land. The United States mining law works well, and might be copied here.

It is necessary that the prospector be protected, as capital ^vill not explore. There
is one matter I would like to mention. In regard to the Batchawana claim, I have
paid for the land what the government asked. I have employed a land surveyor

and paid him for making a survey, yet they will not grant me my patent till I go

to the expense of connecting that with a point on their survey. If I happened to

be 30 miles away from such a point it would cost about $3,000.* If the American
laws were adopted and we were allowed to stake our claims that would be done
away with. All properties around here are undeveloped. The development of the

property is what s^ivts it value ; I do not therefore approve of holding undeveloped
{)roperties at high prices, as it retards development. Seven or eight mining men
came to this place from the Rocky mountains, and went back on account of the

mining laws. Lands should \\>>i be allowed to be located as mineral lands till the

prospector has made an affidavit that he has found mineral upon them and has pro-

duced specimens.

^^iiens MrfViaiJe.»— \s the laws are at present the prospector has no protection

at all ; he is liable to have his claim jumped before he can secure it. There should

be a limit put to individual sabs so as to prevent the speculative holding of land.

Some mode should be provided whereby a prospector might find out without delay

what lands ar.^ located. Such means should be provided at the local office, and as

soon as a lot is taken it should be so marked at once ; at present it is very difficult

to find what lands are taken. A supply of maps should also be ki'pt at the local

office for sale at a nominal price to those wanting them. Some Americans came
here and wanted to get majis. but were unable to get them and had to pay a

surveyor S26 for what they required ; that is not right. Instead of allowing the

staking of claims along the vein, I think it would be better to allow the prospector

* This estimate is doubtless too high ; but in a speech made by Hon. Stephen Richards

in the legislature, December 11. 1868. upon the mining bill of wliich he had charge, he is

reported as saying that a single line run from Sault Ste. Marie to Thunder bay, at a distance

of about 18 miles from the coast, had cost the government from $40 to $70 a mile.—A.B.
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to take up 40 acres if he desires or allow him to take up as many claims as he likes, smair locationf

provided he does so much work on each claim of 40 acres. It should be compul- and compulsor*

sory to do so many days' work ; I doubt whether it would be wise to fix the amount *^^^ opment.

in money. If a money basis were adopted I think a man t.king up KiO acres

should be compelled to expend at least 8500 th>- first year, the expenditure to be to

the satisfaction of an officer of the gove.nment appointed for that imrpose. The
prospector shmild have 90 days after he has staked his claim to secure the property

;

he siumld have that time before being called upon to make any paj^nieut. J'orty

acres should be the smallest and our hundred and sixty the largest quantity of land The right ntpn if-

sold CO one party. I think that in the case of lands which are held without being pet-tuiK priTat*

developed the prospector should have the right to goon them and prosp ct, and
have a third interest in any mineral he finds. The government slionld lay the

country out in mining districts after minerals have been discovered, and they should
then build roads as they do to encourage agriculture. Experts should be aiij^ointed Public roads.

to decide what sections should be laid out in mining districts. In my ojjinion

good roads do m re to develoji the countiy than anj thing else, and I think the
government would do better to build r<iads than to bonus a railway. Americans
do not seem to like to go out of their own country, but I think they are beginning
to come here ; one told me the other day that he had just put 025,O(iO in Michipi- staking clainjs

m

coten. Where a prospector locates a claim over six miles from a sinveyed town- unsurveyed

ship he should be allowed to stake his claun and should not be compelled to conn, ct

with the nearest survey ; it is not fair for one man to have to bear the expense
when others may benefit by tying on to him.

Edward Norris—l think the prospector should be allowed to stake out his

claim as is done in the States. As it is now a great many discoveries are made security of

which never come to light on account of the fear of being jumped. Take the case claims,

of Frank Vallequette, who has been exploring this district for the last ten or
twelve years. He has discovered eight or ten good things, but will not tell where
they are because he had a claim jumped once.

W. H. Pluminer—I am a merchant and have been living at Sault Ste. Marie
about twenty-five years. I have interested myself in mining matters somewhat, ^'"""P''V?P^**'

taken shares in them, assisted to develop them and so n. At present I am not
heavily interested in ujining property. As far as my judgment goes the Ontario
mining laws are as good as they can be ; still I think it would encourage prospect-
ors very much if the government gave them an option, provided they did bona fide
development work. I do not think holders of wild land would object to iTospectors p •

,
)

going on their property, or would refuse to reward them for anything they might
find. I don't think the people of this district would object to a law of that kind,
but the prospecting should be done under certain conditions.

Thomas A. Towers—The government should limit the quantity < f land sold to
one party. As the law now is the prospector has to keep his discoveries very Prospectors a-i*

quiet, otherwise he will be jumped. I think he should be allowed to stake out his sptculatoro.

claim and go to the nearest office and secure his rights for a time to enable him to

find means to purchase it. The whole of Denison township was bought up by
parties in Toronto who never were on the ground and who knew nothing about it, ™ . ,,

excepting the report of the find on Vermilion location. I don't think it is right to "

allow that. If a district is likely to be a mining district I think it woiilu be rit'ht

for the government to run lines for the prospectors to tie on to, and I think surveys
should be made by the government.

A. G Duncan—The Vermilion company ort^ns about 2,700 acres of land: 2.100
acres they got from the government, and the balance from private parties. They
commenced operations last winter, some time in January. I have had no former *^">ing diBtnrt»,

experience in prospecting or mining. I think if the government were to proclaim
this a mining district the law would be satisfactory, but as it now is I don't think it

gives satisfaction. Where a large quantity of land is being hell prospectors should
be allowed to go upon it and develop it on a royalty. The prospectors themselves
seem to favor the American law, and say they would prefer to be allowed to stake
out their claims. The holding of large quantities of land is detrimental to the Larjie holding.-

iuterests of the country, and as far as' I am individually concerned 1 would not ''". M'JJjry
*" ^'^*

object to a law allowing the prospector to go on all lands so held ami work ihem on
'"'""''»''" "^ ''•'

payment of a royalty. Many people come into the country, but finding the land all

taken up they i;o away and do nt)t come back again at all.

Henry Ranger—The laws are not altogether fair to the prosi)ector. I think he ciaim-jumi.ii >;

ahould be allowed to stake out his claim and be given a reasonable time before

I
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having to pay for the land. I speak from experience, having had a claim jumped
before I could manage to secure it.

B. E. Charlton—Our company has adopted the policy of encouraging prospec-
tors by allowing them to work under a royalty, the rate of the roj-alty being
determined by the circumstances. The mining laws are satisfactory as far as we
are concerned. To work a copper mine takes a great amount of capital, and there-
fore a large quantity of land is necessary in order to be able to do anything. In
the case of free gold, it could of course be developed with a small capital. 1 do not
think however that it is in the interest of the country that large amounts of land
should be tied up by one company. I think it would be a wise provision to prevent
the taking up of mineral land till mineral is shown to exist upon it. It would be
well to devise some judicious means of preventing the tying up of land.

Jam's Stohie—I live in the township of Johnston, district of Algoma. I have
had experience in mining and have been engaged in exploring in this district for

the last, three years. I am interested in the Dominion mine and am a shareholder
in the Vermilion. I do not think the mining law is fair. As it is at present the
whole of Denison is taken up and is being held by speculators. I think it would be
to the interest of the country if the prospector had the right to go on land so held,

and if he makes a discovery an interest should be given him. In granting a patent
of agricultural land the same right should be reserved to the prospector. Such an
alteration in the law would tend to encourage prospecting and develop thf country
perhaps more than anything else. At ])resent the prospector is at the mercy of the
capitalist. Some way should be devised to protect him till lie Ijas had a reasonable
time to acquire the property. The quantity of land sold to one party should be
limited. In the case of iron more land should be allowed, as more is required for

works, etc. ; but on all lands sold the government should insist upon development.
If the law compelled owners of |n-operties to work them I don't tiiink the holding
of large tracts wotild interfere with development, but if n t worked the land should
be open to prospectors and if anything was found the discoverer should have a
stated interest in it.

Robert Hedlcy— I think there should be some law compelling the holders of
land to develop it, and if they did not conijily with the conditions the land should
revert to the government.

John Babcock—The mining law does not give the prospector fair play. He has
to keep his hnd very quiet and has to give a man the big end to secure it for him.
The prospector should be allowed to stake out his claim. Under the present law
I have known a man to have three claims jumped. There should be a local office

where the prospector could register his claim, and also where a man could find out
what lots have been sold. The size of a copper claim should be, I think, about 80
acres. For gold and silver the claim should be 100 by 200 feet.

Robert McCormack—On gold and silver veins the prospector should be allowed
to stake his claim as is done in the States ; he should do so much work and at the
end of five years be entitled to his patent. For copper and iron the claims should
be from 160 to 320 acres.

Charles Kettyle—I think the mining law should be so amended that the pros-
pector might, be allowed to stake out his claim as is done in the States, he to do a
certain amount of woi'k every year.

P. C. Campbell—The present mining law is not satisfactory ; there is not any pro-
tection for the prospector at all. The man who makes a discovery has to make an
affidavit, and the man before whom he makes it may telegraph to a friend in Toronto
and have the location taken up for himself. I would suggest that the prospector be
allowed a certain time to secure his location, that he be obliged to do a certain

amount of work, and that while he is doing the work no one be allowed to buy the
location over his head. The prospector should have the right to go on all lands
held for speculation and should have an interest in anything he might find, or be
allowed to work it on a royalty. I think it would be right and fair to give the
present holders of land a certain time to explore and de\ elop their lands before
such a law should be put in force.

Dr. Echcard Peters—In regard to the mining laws, I think the prospector
should be allowed to stake out his claim, as in the States, he to do certain improve-
ments ; or perhaps it would be better if he had to do so many days work before he
became entitled to get his patent.
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Frauds Sperry—The burning of the timber is injurious, as it is a very im-
protection of

portant thing in mining. I think as a rule prospectors are very careless about fire, timber in min-

but 1 don't say that they burn the bush purposely to expose the rock. To carry era! districts.

on mines like those of the Canadian Copper company it is a necessity that

they should have large quantities of land. Mining, to be carried on success-

fully, requires a large amount f)f capital.

Francis Aiidreios—The destruction of the forest by fire is a disaster ; it will

increase the cost of timber, and is therefore a serious injury to the mining industry. Speculators and

I know tliat as a rule prospectors are not very careful about fire, but I don't think

they would fire a woods on purpose. I think that unless persons holding land

employ so many men, or expend so much each year in wages, they should be taxed
for improved land. Such legislation as that would prevent the tying up of whole
sections of the country. The prospector should be allowed to stake out a claim of

80 acres, or at the outside 160, and he should be compelled to do so iriuch work
eve: y year. I don't think the occurrence of minerals here is favorable for the
staking of claims on the vein. I think the miners should have the right to take
timber of small size.

<b'. J. Dairson— In the drj' season when the mosquitoes are bad prospectors

are in the haV)it of making smudges, and I think are not very careful about putting
pj-o+ection

them out, and that causes many fires. As a country becomes settled it is well to against forest

pass veiy strict laws as to the setting out of fire, but in the case of prospectors it is fi^es.

a difficult matter to deal with. The only thing to be done, it seems to me, is to

have them thorouglily instructed in regard to the danger, and create a public

feeling against carelessness. In some instances prospectors have no objection to

fire, as it uncovers the rock, and they have been known to start the fire for that
purpose. Where fire is set out in that way there should be some punishment
awarded, but the great difficulty would be to ascertain whether it was set out pur-
posely or whether it Avas an accidental fire. I would consider that if a prospector
went Hway leaving his camp fii'e burning he was guilty of criminal carelessness. I

do not think the mining laws of Ontario can be improved, except as to the taking Limiting the size

up of large blocks of land, which I think has a tendency to prevent development, °^ locations and

and to keep out bviia fide miners. It is difficult to say what the limit should be, ve?opment.
^

but whatever is set led upon it should be compulsory to do a certain amcunt of

work, t'airng which the land should revert to the government. I think a quarter
section would be a fair limit, but for wood supplies I would not limit them to less

than 400 acres : too small a limit would be injurious. I don't think the staking I'oj^'ties.

out of claims would do well in quartz mining, and I don't believe it would work
well here. I do not approve of a royalty ; 1 think a rojalty of five per cent, would
put a stiip to mining.

Thomas Marks —I think our mining law s are about as good as we can make
them ; I do not think we can improve them by making any change. I think where ^°^^^^ ^'^^^

ro piue exists the burning of the forest does no harm ; in fact [ think it does
good ; the second growth soon springs up and is quite as good as the original f<,rest.

I would prevent the burning of the pine as far as possible. I would ^jut it in the
market, and it would soon be cut and run down the rivers. Nearly all our agricul-

tural lands here are cleared after the fire has run through and it^is hard to get men
who v.ill go in and clear the heavy forest. Except for the loss of the pine the tire

does very little harm. The second growth is finer than the first, and takes only
about eight or ten years to grow up.

Peter McKellar— I think the mining laws are good. I do not think it would
be svise to compel people to work their land ; it is quite enough to have to pay the ^^nfn'j'°ands
present taxes. I am interested in about 10,000 acres, the tax on which is one cent
per acre. There is plt-nty of country that has not been explored, and in that the
prospector might be allowed to stake out his claim as is the practice in the States.
But I think the present tax is sufficient to prevent persons buying land and
holding it for speculation. Lots of the land is every year sold for taxes.

Willia'ni Margach—The Americans who come to my office are willing to pay
for their land, and express them>'elves satisfied that it will equal the country south
of the boundary. The land on the south side of the boundary is homestead, and The United

they have to get a man to live on it a certain length of time to get a patent. At fystl^'"'^''*"*
the present time you will see l)etween Easswood lake and Tower a number of
shanties that have been abandoned ; the windows and doors of all are the same, so
that they may be reinu\ed and put into another shanty. The parties occupying
make just a little clearing, so that they can swear they have made the improve-



312

Land within
Whitefish valley.

Mineral lands
should not be
held for specula-
tion.

More protection
for the virospec-

tor.

Development
work.

Locations and
royalties.

Mining claims
should be im-
proved.

Surveys.

ments. I am supposed to locate mining land, but T guess they sometimes get the
start of me. They have twelve months under the frt e grant system during which
the government can do nothing. I think there shouhl be some alteration in the
law. Along the Whiteiish valley there is some good land, and in the midst of it

there is mining land ; pa»-t of that is a free grant district. The township of O'Connor
is free grant, and also half of the township of Gillies ; the south half of that town-
ship is reserved for mining. T don't know of any case as j'et where wrong has been
done by holding large quantities of land. It would be an advantage if the govern-
ment required development to be done on all land taken up.

William Pbimmer—In regard to the mining laws, large tracts of land should
not be allowed to fall int) the hands of persons to be held for speculation ; it locks

up the ]iroperty and stops prospecting. Tiie pr'spector should l)e allowed to stake

his claim as is the case in the States.

Juinea Conmce—I think the mining laws should be modified. More protection
should be given to the prospector. He should be allowed to stake out his claim and
should be given a reasonable time to secure it. The amount of land sold to one party
should be limited, or the tax should be increased so as to force those holding on
sijeculation to sell or dt-velop their pi'operty. I think it would be well for the
goverinnent to require- the prospector to do a certain amount of work each year
as is done in the States.

W lUavi Mirrdocli— 1 think the law should be so altered as to compel every
holder to expend S500 on his location. I do not think it would do to charge a
royalty ; that would act as a damper.

W. H. Laird—I resided here from 1879 till last November, and am still

interested in quite a number of mining i)roperties. I think the mining law should
be so amended as to compel people to do improvements from year to year, say for

three or four years, till they got their patents. Perhaps if people wanted to buy
they should be allowed to do so on payment of $-3 or ^'6 an acre. If they were
forced to spend $nOO or S600 it would prevent the holding of locations lor specula-

tion. It might lie better to compel the doing of so manv days work instead of
ex]iending so much money. In making surveys the government, should put in iron

posts, as there has been a deal of trouble around here on account of a great many
of the posts getting burned. Something should also be done to prevent the burn-
ing ot pine.

William Russell—As it is I think the explorer is protected to a great extent by
the department, but I think a time limit should be arranged for the prospector to
secure his location. Fifteen days should b-- allowed him to file his claim, and a
single location should be forty chains on the course of the vein as far as the vein
can be enclosed. The prospector should be required to mark two or three trees,

putting the date upon them, and should refer to those trees in his application ; he
should then be protected for a reasonable time. I do not think one man should be
allowed to hi)ld more than one cldm.

D. F. Burke—The mining law of Ontario has locked up a great deal of territory,
tory locked uD. There are about 800 silver locations taken up, and it is doubtful if 30 of them are

being worked. I think it would be well to have the law nbout the same as in the
United States ; that would protect the prospector and do justice to the capitalist.

Iron stakes should be put down at the corners instead of wooden ones as now ;

there is great dithculty in finding the stakes, and it would save people thousands
upon thousands of dollars in the future.

W. N. Montgomery—The American mining laws would be better for the poor
man ; the law here is first rate for people that have money, but it is plain to be
seen that it operates altogether in favor of the rich man.

Henry Itoiltxi-ell—The prospector should be allowed to stake out his claim, and
I think the claim should be about half a mile on the vein and about 200 or 3U0
feet wide. He should be compelled to do certain development work every j-esir

;

^100 a year, as in the States, would I think be about reasonable. Spsrculafora

should not be allowed to take up large tracts for speculation. It is often very
expensive to get surveys made, and I think the government should do the survey-
ing. It would be a good plan to survey the townships as they are being prospected.

T. H. Trcthe.tcey—I do not think the mining laws are satisfactory. The law
should be so that if after the lapse of a certain period of time a certain amount of

work was not done the land should revert to the government, and the jjatent

should not be granted till the required amount of work was performed. It would
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be perhaps as good if the ynverument leased the hind at such a rental that holders

would have to woi'k it or throw it up. As it is now nearly the whole country is

boughr up and held on specuhition. The adoption of the Auteiican law allowing

the s a' ing of claiuis would answer I think, provided the locations could not be Speculative

held without beiuii wt.rked. People here are asking from S1,00() to ^100,000 for hokiings.

their locations, and there is not one dollar's worth of work done on thein.

Dviicau McEach' en—The pvosi:)ecUir under the present law is not fairly treated.

The hiw shou d be altered so as to allow hiai a reasona'tle time to secure his claim. Jhouk^hav'^"'^
The land shoidd not he allowed to get into the hands of spec lators. The prospe( tor reasoi able time

should be allowed to stake his claim and should have a iixed time to perform a ^^
?®''"'"*'' '"*

certain amount of work. I am satistied with our law if the jumping of claims could

be prevented.

Ambrose Cyrette—I like the jJiesent minijig law. but I think the poor man
should have time to secure his claim.

IVaJpule Rulaud— [ think the mining laws are satisfactory, except that the
government sho Id uiake more extensive surveys in the mineral belts. At present „ , c

•

ti

it is often a hardship on the jioor man to get his claim surveyed. Tie running < f a mineral belt&*^

north and south line and an east and west line would answer. The bhjcking out of

the land as in the North-west would do. Iron p:)sts should be 2)"t down as great
trouble is caused by the wooden ones being destroj-ed by fire. The government
could r.iise the price of th:; land and so pay for the stirveyin.'. I do not think T

would allow the jjrospector to stake out his claim : he should be aUowed to pre-

empt for a certain time, and if he had not done his amoiuit of work by that time it
Pre-emption of

shouhl then revtn-t to the govennnent. Not. tie should in any case be given till the
amount of work is done.

John K. JVrtght—I am very well satisfitd with the provisions f)f the Ontario r ^ , ^;

raining act The only fault 1 have to find with it is th.t it is t o liberal in allow- " '

ing parries to acquire a too large area of territory if they can pay for it.

George Mitchell—^I ihink the mining act should be amended so as to limit the
area which could be taken u^) by one party. Under this change t! e country would Small locations

be more thoroughly prospected than it now is, and esi)ecia]ly would this be the prospecting."

case should successful deve'opment ensue in the district.

A. R. C. Selnnin—I think the regulations as to the sale of mineral land in

Ontario are very bad ; the selling of large blocks of land is, I think, wrong. It .

passes the land into the hands of .speculators. It would be well to limit the amount, conditions,

and no land should be sold as idning land unless a vein or other workable deposit
has been found on it. The limit should depend upon the extent of the deposit that
i.^ going to be vvtjrked. 1 would accompany the sales by conditi ns as to working
that could not be evaded. It would perhaps be better to give the land to anyone
who would undertake to develop it. I would allow anyone who was willing to

work to acquire the right to do so at a nominal price, but the conditions as to work-
ing it I woul I make very strict. The quantity of land would not so much matter
if the cVindi'ions for woi'king it bore some relation to the extent of the area ; the
larger it is the more work that should bd required to be done. I would not allow
as great an area for goid as for copper, galena, iron and other minerals. I think
IGO acres is quite siifhcient for any mine ; for gold and silver I do not think so Area of mintral

much is required, but purchasers sh(^uld have enough for the necessary buildings,

timber, roads, etc. It would be a good regulation to allow no laud to be taken up
till a mineral vein has been discovered tipon it. I have heard a great many com-
plaints, and I see myself that the systi^m of buying up large tracts on speculation Claims sli.mld

has operated very injuriously. I think mhiing properties are held too high and *'^ ^'"''^'^'^/"

that this tends to retar 1 development; of course I have no personal knowledge'
that .'.uch is the result, but that is what I have heard. All mineral claims should
either b^ worked or abandoned.

E. V. Wright—I am pt>rfectly satisfied with the Ontario mining law. I think, size of locations

however, there should be a limit to the amount allowed one party ; that limit woidd siioi»w 'le fixed

have to be fixed by circumstance.^. 1 do not think it is rigl.t that one person stances."""
should be allowed to buy up a whole section of the country. I think if a man
finds a vein, and it turns out richer further on, he should have the right to take up
the r cher part ; he should have the right to ]n-e-empt another claim.

B. T A. ^eW^-The Mining T^eview receives reports from Port Arthur, Sudbury,
Lake-of-the-Woods, Madoc, the Perth district, the K. & P. district, the Ottawa valley A growing desire

and the petroleum, salt and gypsum districts. There is a growing desire for informa- ^'"' "'formation.
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tion in connection with mnimg matters, as is evidenced by the increasing number of

our subscribers and the increasing number of people asking for information about

mineral lands in Ontario. The collection of minerals sent to Cincinnati by the

Ontario government did a great amount of good in this regard. The distribution of

informition on mining matters is of vital importance to the mining interest. It

attracts the attention of patties in the United States and Great Britain, ; nd even in

Germany. I think our mineral lands should be reserved by ihe crown. I think

the present system of selling lands unconditionally is opposed to the development
of the country. Development to a certain extent every year should be compulsory.
Any mining regulations which permit the acquisition and control of large areas of

land upon payment of a merely nominal price is undoubtedly a most favorable

arrangement for capitalists and speculators, but it is one which is in every sense

opposed to the best interests of the people at large. At present extensive districts

are locked up in a few hands and no one is permittpd to operate upon them mile.-.';

he can afford to purchase the land at an immense advance upon its cost. Everyone
who has tiled to influence capitalists to invest in mining ventures knows how easy

it is to raise mining capital alone, compared with obtaining money for a scheme
weighed down with a preliminary purchase of lands often at ten times the sum
required for actual operations. In our phosphate district cases are found where
lands originally purchased from the government for a few dollars per acre hnve
been resold at $10, SlOO, and as high as 8400 an acre. One tract of land bdir^ht

for §5,(100 was resold for 810,000, then at S1GO,000. and part of it again for 8450,-

000. The interest on such large sums tends greatly to discourage invesfment, and
the usual failure of mining enterprises loaded with such a weight of dead outlay is

the most serious check on the development of the mining industries. If ca]>itulists

were permitted to lease upon royalty just so much land as they could work and on.y

for such periods as they continued to work, and if the poor prospector could lesne

the area on which he had made a valuable find and be at no expense beyond the

cost of working, then we should see a vast increase in mining matters ; the revenue
from royalties would be a constant and important source of income, and the people

would cease to barter away their notural rights for a paltiy mess of pottage.

Johib Stewart—In a countiy where there are minerals it is nece.'saiy fo divide

the mineral and the farming interests. In selling lands the minerals should be

reserved for the use of miners. A man should be allowed to locate his claim as

under the American or Dominion lands system ; he should be required to do a cei-

tain amount of work every year, and after a certain time he should get a twenty-five

years lease with the option of a renewal for a further term of twenty-five years at

a certain royalty. If the minerals were in the hands of the government we would
be dealing as a rule with gentlemen, and not with farmers or si)eculators, swme of

whom are i elated to the species hog ! The location of a mineral claim should be
made first on the ground by the discoverer or prospector, and then in the local land

office. It should be measured on the length of the vein, say aViout 1 500 feet, the

b'lundaries being parallel with the walls of the vein. The discoveivr should be

allowed to take two claims adjoining each other. The miner should have the rijjht

to follow his vein by continuous workings wherever it goes, as is the case in the

western states and on British crown lands. To show the injustice of not being

allowed to follow the vein. I may mention the case of a Scotch company having

purchased a property and spent S500 000 on it. It was found that the vein dipped
at an angle into the adjoining property ; this property was secured by another party

who stopped their working. He then leased the works of the Scotch company and
continued the work. The Scotch capital was in this way driven out of the country.

Several Ontario mines are in similar condition on this account. The selling of

minerals with the soil is bad ; the mineral.* should be reserved by the government.

If a man buys the land there is no reason why he should get the minerals too. If

a man buys or leases for iron ore, the gold, silver, coj^per and other ores and
minerals should be reserved. In the case of iron the location should be larger. In

regard to lands already patented, my idea is that un act should be passed to enable

an ex])lorer to locate a c'aim wherever minerals are if the owner wil not work
them, he paying the owner a royalty of say 5 per cent, and 2i- per cent, to the

government. Companies ho'ding a large area should be compelled to take a fixed

royalty as stated, or be forced to work tlie mineral properties. In Norway and
Sweden the law is this way, and no property there need remain unworked because

the owner will not work it. I cannot say whether the government there originally

sold the land in fee simple. I do not think that what I have suggested would be

an injustice, as when selling the land the government got nothing for the minci-als;
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it would be a just law and would be no more than a tax raising revenue for the

promotion of the mining interest. It would not be confiscation ; the government
would ni)t resume jJDSsession of the land, and the owner would be paid a royalty.

The law that tends to the deveL.'pment of the country is the best law we can have
;

it is in the interest of the community generally. Confiscation at the death of the

owners w mid not be so unjust as the present system. Where government reser-

vation exists the mining industry prospers, and where there is no compulsory
•development it does not. In the west it has prospered because the miner has had

,

to spend §100 a year in work to hold his claim ; but it is found there that when conditilfns.

once the patents are issued they hold the lands on speculation and don't work
tiiem ; hence the lease system is in the interests of labor and dovelopment.

A. J. Gattana'-h—I do not think that the policy of selling large blocks of land

has ret-irded development or has hindered prospectors. As our mining law has

been since 1868 the go'-ernor in council can proclaim a mining district and appoint Mining districtB.

inspectors. Under that law they did proclaim the Thunder Bay district and Mr.
Borron was appointed inspector. Under that law all a prospector had to do was to

stake out his find, he had the right to prospect on any government land, and it was
the license inspector's duty to give him a certificate on payment of a fee of $5. He
could then renew his certificate from year to year on payment of a fee of $5, and go
on taking out the mineral without pajnng any royalty or purchase money or any-

thing except this $5 a year. At the present time the government can proclaim any
district. In th'j Thunder Bay case the prospectors did not avail themselves of the

provisions, and at the request of Mr. Borron himself the ofiice of inspector was
abolished. He did not care to hold the ofiice as he was not issuing any licenses.

All that would be necessary to put that law into force would be to appoint an
inspector. I think it would be well after lands have been patented five years, if Prospecting on

the owners do not develop, that any person should be allowed to go on them to private lands,

prospect. I do not think such a law slmuld apply to lands already taken up as it

would be an interference with vested rights, and would tend to frighten foreigners

who supply nearly all the money that is spent in mining. There should be a fair

arrangement, wherever the principle could be applied, by which the discoverer and
the owner might be both protected. It is a very diflicult matter to deal with ; but
I think it might be done by giving the discoverer the right within a limited time
(say a year) of working the find, subject to the p lyment to the owner of 25 per
cent, of the profits if the owner did not exercise the option of working it himself

within the same time and giving the discoverer the same percentage of profits —
either of them being at liberty to take up the work on his own exclusive account if

the other discontinued work under circumstances which would forfeit a cl-dm under
the general mining laws. I think the system of taxation has been an utter failure The taxation

in regard to the development of mining properties, and the legislature in 1.^86 system,

recognising that fact passed an act reducing arrears fifty per cent, and future taxes

from two cents to one cent an acre. The statistics show that only a small portion
of the taxes are realised at tax sales ; only about fine-third or one-fourth of the
actual amount of taxes is obtained from the sale of the lands. I do not think, as I

have said, the sale of large blocks of land has retarded development, and I think it not^%'ection-'
should be continued. I have had some experience of the difficulty of getting money able,

for mining operations, and I suppose one of the reasons for wishing to have large

properties is that the chances for getting money will be better. When mineral is

discovered all the adjoining land is taken up, and the same motive operates with
those who put money into mining. I think on the whole that more good than harm
has been done by the sale of large blocks. The lic-nse system has proved altogether
a failure in this country. Since 1869 we have had two systems in operation—the Th i- = d
licen-e system and the system by which a pers-^n can buy outxight. Everj^one sale m fee simple

wants to buy, and the conclusion is that the license system is not considered the systems,

best by practical men. I would permit purchase of land without limit as to extent,
but with provisions as to development.

William Ward—I think it is the duty of the government to get the best price
it can for the land. I do not think the prospector is at a disadvantage ; the
department gives him reasonable protection. I think that under the yjresent law Conditions of

he is fairly treated and protected, but I do think it is a mistake to sell large blocks development

without some condition as to development. If the government laid it out as a
niineral country it would only be a proper thing to have it sold by auction, as
timber limits are.
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Arthur Harvey—I think the mining laws are satisfactorj' as they are. It might
be well that a man should be allowed to take 40 acres if he did not wish to take
80 acrt s, but 80 acres at $2 an acre is a very sn)all thing. The government might
adopt a liberal poiicy with pnspectors—say the prospector to pav a deposit of 50
cents an acre and do a certain w^o:k each a year. I would put the price of mineral
land at ^5 an acre and spend the money on mineral development. As a general
thing [ think the prospector is fairly rewarded for his work.

C. J. Pusey— I have no suggestion to make in regard to any changes in th&
mining laws. I believe, however, that the iron locations should not be treated as
those of the precious metals ; it would not be wise to limit them to a small area.

W. H. Wylk—The government should encourage prospectors ; if they find

any mineral they should be able to secure it without having to V-ay the property.
As it is now the properties are often jumped before they can secure the r finds.

My idea is that they should be allowed to stake out their claims.

E. W. Bathbnn—I think the Ontario government is doing ail possible to pre-
ven' waste of timber by fire, by not allowing settlers to go on land that is not tit

for st ttlement. It is good policy, and to the interest of the lumberman, to have good
settlers on land that is fitted for farming. I think the government is doing itsbes^t

to husband the timber and prevent fires.

H. C. Jones— 1 reside in Toronto, but have had experience in gold and silvc r
mining in California, i do not consider that our laws are calculated to promote the
development of mining. In California and Nevada it is not necessary for the
prospec'or to go to the expense of getting a surveyor ; he can stake out his "wn
claim. I think we should have laws similar to those of the United States, i think
the law here tends to prevent prosjiectors getting a fair chance. Asa general rule

they cannot pay for the land. In California if the explorers had to pay $2 an acie

and take up s much land they would not have done anything. I would propose to

allow the miners of a district to meet together and ma e such laws as they deemed
proper as to the size of the claim and so forth, and that the custom of the miners-

should become the law of the state. Large blocks of land should not be sold ; 'iOO

feet on the vein is sufficient for a gold mine. If large blocks are sold the sale

should be accompanied with conditions as to work. I think the ])rospe(^tor should
not have to pay anything ; it is enough for him 'o go into the bush and work. A
claim slu)uld not be more shan 300 leet on the lode, but a man nii^ht purchase as-

much as he liked afterward providing a certain quantity of work was done on each
claim.

J. F. Latimer— I think the prospector should be allowed to take up at least

one location without paying for it immediately. Or, if he chose, he should have
the right to pay 10 cents an acre till he wisi'ed to take a title and pay for the land.

I think the Incatio'i should be about 80 acres. He should have the right to stake

out his claim, numbering his stakes so that a survey could be made at a Juture time
starting from stake No. 1. He should ba allowed to hold that y:>y paying 10 cen's
an acre each year till he was in a position to purchase it. I should say the 80 acres

should be laid out as the government lays it out now. Th'-i sale of large blocks

shotild not be allowed, except perhaps in the case of iron. I cannot say whether
taking 8!) acres would be more satisfactory than a location 1,500 by 600 feet on.

tlie vein. The advantage of making it 80 acres is that the country would not be sa
much cut up.

E. B. Borron—The provincial legislature enacted in 18G8 what was called the Gold
and Silver Mining act. This measure was repealed the following year, and the Gen-
eral Mining act was substituted. Under tiii.s act the lieutenant-governor in council

can declare any tract of country a mining division and appoint an inspector. The
nortli shore of lake Superior from Slate island to Pigeon river and from tlie coast

northward and vvestward to the height of land was declared a mining division,,

and called the lake Superior mining division, and on the 17th May I was
appointed insi)ector. Under the terms of thi.s act mineral lands might either

be bought from the crown tuiconditionally or could be occu])ied and worked
as mining claims under miners' licenses and suliject to various condit ons.

As inspector I was to grant and renew miners' licenses on payment of a fee

of $5 ; to keep a book calL d a re^^ister of mining licenses and another called

a regist' r of mining; cl dms, the latter of which was to be open to inspection by any
per.son on payment of a fee of 20 cents. I became ex officio justice of the peace,

and was given such additional powers as would enable me to settle summarily all

disputes between liceiLsees, a^* to the e.Kistence or forfeiture of mining claims, the



extent .;f the bouiularics thereof, tlie use of wafer, and generally to settle all
dirtij lues between licensees whieh miu^Iit arise un.ler tlie act. Only some fifty or
sixty r.nners' licenses were issue, 1 .luiiui,^ the four vears J was uispec or. and very
few minuu^clinis were vej,nstered :\l.,.t of those whi. took out Hiiners' licenses
d d so m order to gain time to survey a:ul purdiase the land. 'I'hus the act, which
was real y an experiment, ])roved a f iluie. and in 187;J I resigned. X(, (,ther
inspector having been since apiioiuted, these i)rovi-ions of the niTning ace are prac-
tically inoperative. I consider the mining lavvs of Ontario as liberal as those of any J-M'loreM.

other civdised country. There are cLuses of men specially interested in minin<',
<ind It IS in the power of fie government to do something to the benelifc and advan-
tapofeach First we have the ex.lorers, who however impoitant are 'Gener-
ally poor. These men should liave everv reasonable facilitv allbrded the^u for
c.trrynig on their explorations. They shouM be al)]e to obtain good ma.ps showin<r
as much as is known of the geology of the country, at a cheap rate. I have already
pointed out that the system under which miners' licenses were issued was a f.tilure
It remains, therefore, for the government to make the regulations under which the
explorer cm buy or otherwise se-ure the laud on which he -liscovers mineras of
va ue as liberal as possible. I am of opinion that the provisions in tlie act of 1869 -,

vvill a.inut of some aniendment favorable to the poorer cla.ss of j.rospectors. I think andl'ermfor'the explorers should be allowed to buy locations of 40 acres in the suiveyed or saletoe.vplorer3
unsurveyed territory, m.stead of a minimum of 80 acres as at present. The pr^ce
of land in the unsurveyed district should be less than in the surveyed, and if the
location be not more than 40 acre^ he should be allowed to stake it out himself as
was the case in regard of mining claims. Tlie explorers should not be required to
pay the wh(de price for the land cash down on applicali- n, but should be allowed
to pay one-fourth or one-fifth only of the purchase money, and given the privilege
ot thrownig It up altogether at the end of a year if the \ein when t-sted proved
worthless. I he e.vplorer should be able also to enter and purcliase his location at
the nearest crown land office. To prcn-ent the evil, arising from the acquis! ion of Ground rent,large tracts of land for the purpo.se of speculati<.n I suggested to the commissioner
ot crown lands over twenty years ago the desirability of imposing a ground rent of
not less than ten cents an acre on all mining locations sf)ld after that date This
would have hardly been felt when included in the working expenses of a mine and
as proved by the large number of locations which ha^•e'' Ijeen abandoned as the
result of a tax of two cents an acre, it would have proved a remedy. I am inclinedtotunkthac with the exception of a very small sum, say 25 cents an acre on
application, it would be better if the e(iuivalent re<iuireci for grants of mineral
lands were in the form of a ground rent, p-roetual or for 99 vears as deemed
best. 1 would not consider 25 cents an acre per annum at all too "much It would
not in my opinion discour .ge either exidoration or legitimate minim' operiti.^ns A-ayin-of
and won d yield a permanent revenue to the province. It is of some importance

''*-'^'^'"^"«-

that explorers and others .should be able to get specimens assayed with as little
delay and at as reasonable a charge as j.ossible, bur. I do not see that the -..vern-ment can do anything m the matter. If the science masters in the colle'date andhigh schools in or n-ar the mineral districts were selected with reference" to theircompetence in this branch of chemistry they might be able to riuike assavs of themore comm -n ores at a reasonable charge, and thus meet the wantsof the'explorers
to that extent. Generally the explorer sells his discoverv to the ca))italist. In thesae he is usually assist^^d by middlemen, whom he "is obliged to emi.lov or
take in as partne s. rh-se middlemen are for the most part shrewd and keen,^ butn<t always honest and honorable men. Against the danger of beiu'' be-uiled intopaying an extravagant price for a ].oor location or mine the governme^it can do
nothing. As under anv circ,nnist:inf»(,>« .if-)ior> flmnii ...i,;..i. \ ... i t i i-

Midiilemen.

i>urasnothing. As under any circumstances other than those which may and I believe ^"^^^
.

would lollow from commercial unio.,, the amount <.f cai.ital available for tl'e devel-
'""" " "^^

opment of our nnneral resources will be verv limited. It is of the -reuest conse-
quence that this capital shall be invested m the most pr,.misi. .r uTines Everv
failure t^nds to frighten away cai-italists, while everv rich divi,Tead luivin..- .nine
attracts tliem.

"
i

- ^

H. F. Mcintosh At would be a great mistake to change tlie minin- laws so asto allovv parties t
)
stake claims, as it would be a fruitful s .urce of anmnin- liti -i-

''*'*^"'- ^'^='""*-

tion. I he government shoid.l not sell lands in less amounts than it now docs andthere should be no reservation of minerals. The good title now received from thegovernment IS he one thu.g favorable to those who risk their numcv in nnni.w Gooi t,-eenterprises, and any change is likely to be in the nature of complications
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German mining
laws.

G. 8. Morris—Under the present laAV I think the prospector is protected in

all his rights, and I have yet to learn of an instance where he has betn wroTigtd.

Capital needs to Capital is very hard to get to develop mining properties, and I think it is most
be encoiiraged. important to do all possible to induce investment. All the i:)rospector can do is to

find the mineral ; he stops there ; it is capital that has to take the risk and go on
and develop. I have had considerable experience of the dithculty of raising ELOuey
to develop property. I have made a good many sales in the States. In the case

of a silver property I sold a company was organised with a capital of $2,000 Oi 0.

That property has been worked to some extent. I do not see any ncn'.spity for any
chanp:e in the itiitiin^; J;^^vs ; restriction of are;is and cc>mpu]sory work would lead

to evasion. The opening up of roads in the hn,c!c country' would be a great boon.
I also think that it might be well to simplify tiie Joint ."-touk act as regards mining
companies.

Frederick Miller—In rt^gavd to the mining laws, 1 think those of Germany are

the best. By obtaining permission from the government a man can go on any
person's property, and in case he cannot agree as to the amount to be j^aid with the

proprietor the government steps in and the matter is settled by arbitration. In
my experience of fifteen years I never liad any trouble with the owners; they Wi re

always glad to make an arrangement. The owner is allowed a royalty or interesr,

and the government retains two per cent, in kind. In the sale of the land the
minerals wt re originally reserved in Germany.

W. H. L. Gordon—We do all we can to encourage prospectors on the Cana-
dian Land Emigration Co.'s property. We tell them the price of the land before-

hand and they can go on and explore. If they find anything they will not have

any more to pay, and if they find nothing they will not have anything to pay u.s,

I have no doubt the company would be willing to give prospectors a half interest

in anything they fourd. We would, of course, charge more for a phosphate lot

near the railway than for one twelve or fifteen miles back. I think it would be
about right to allow a half interest in any find, but the prospector should be com-
j)elled to work it. I am of course stating my own view, and do n< t wish to be
understood as speaking for the company. 1 think it would be worth while to give

a half interest to get our minerals developed, but I do not consider that the govern-

ment should give the prospector the right to go on private land without compensa-
tioiu

Prospectors on
jffivate lands.
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SECTION V.

ON THE SMELTING OF ORES OF ECONOMIC MINERALS

IN ONTARIO.

The parable of the wicked and slothful servant who hid his lord's money

in the earth instead ot putting it to the bankers seems to find a life-like illustra- ^
tion in the record of the mining and metallurgical industries of Ontario. The

preceding Sections of this report are replete with evidence of the large and failures,

varied mineral wealth of the province, as also of the unsavory fact that, how-

ever much is hidden in the earth, little has been taken out or " put to the

bankers." Still less savory is the fact that in the smelting of economic min-

erals we have to show for the most part only a record of failures. Of the

eight or nine ventures made up to the present time, five of which were iron

furnaces, only one survives, the furnace for reducing copper and nickel ores

at Sudbury, and it has been in blast only a few months ; the others are in

ruins. The slothful servant in the parable had his one unused talent taken

from him and given to the faithful servant who used his five talents in

trade to gain another five. That appears to be the lesson of all history, and

the moral is so plain that the blind may read it.

IRON SMELTING.

The first iron furnace in this province was erected about the year 1800

in the northern part of the township of Lansdowne, in the county of Leeds, Afumace.in

at the falls of the Gananoque river. The ore used was of inferior quality and *^

county,

had to be drawn a considerable distance, and after two years' trial the enter-

prise was abandoned. An attempt was made to cast such hollow-ware as pots

and kettles for the use of settlers, but that also proved to be a complete failure.*

Thirteen years later one John Mason, an Englishman, started to build

the second blast furnace, his object being to smelt the bog ores in the county

of Norfolk. The site chosen was on the shore of lake Erie, at the mouth of

a small living stream known as Potter's creek in the township of Charlotte- -m. x-

ville. The creek was large enough to furnish all the power required to drive ^aie furnat*.

the machinery, and the lake was convenient for shipping the product to any
parts along its shore. But Mr. Mason had many difficulties to meet and over-

come. Neither the necessary materials nor the skilled labor were obtainable,

except at large cost, and the plant when completed was rude and primitive,!

*The furnace was erected b^- a company composed of Ephraim Jones, Daniel Sherwood
Samuel Barlow and Wallace Sutherland, and the location was known as Furnace Falls now
Lyndhurst. In the Geological Survey report for the year 1851-2 Alexander Murray states
that the ore used was a " scaly red iron ore," and was obtained on lot 25 of the 10th conces-
sion of Bastard, "but the quantity in the locality worked was not sufficient to give a profit-
able result."

+" I want five or six pieces of cast iron, each 30cwt.," he wrote to Robert Gourlay in 1817.
" These will come to an enormous expense. I intended to ask government to give or
lend me six disabled canmm for this. I asked government to pay the passage of five or six
families from England to work in the furnace. This could not be granted, and therefore I
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And misfortune followed to the end, for the furnace had only made a few

tons of pig iron when the inner lining gave way and the enterprise was

given up in despaif. Mr. Mason soon afterward sickened and died. The

))roperty remained going to decay until 1820, when it was bought by the 1 at

o

Jose])h VaiiNorman. In March of the following year Mr. VanNorman

formed a partnership with Messrs. Hiraiu Oapron and George Tilson, and in

1822, after an expenditure of $8,000, the furnace was blown in. The ore

supply was found within a range of twelve miles and was drawn to the fur-

nace with waggon teams, the daily consun)ption being about nine tons, which

yielded an average of three tons of pig iron of excellent quality. The fur-

nace was in blast eight or nine months each year, producing 700 or 800 tons

of iron with a consumption of charcoal fuel equal to 4,000 cords of hardwood.

There was however no sale for pig iion, and the whole of it was made into

various kinds of castings, shipped to ports along the lake shore from Fort

Erie to Amherstburg, and taken into the interior by teams to find a retail

market.* In this way the new settler was furnished with sugar kettles and

potash kettles—the latter for manufacturing the only article of export for

which payment was received in cash. There was little money in the country

in those days, and business was carried on by the exchange of commodities.

What the farmers of the district had to sell was brought to the furnace and

exchanged for the wares or due-bills of the company. Due-bills for iron

were used as a kind of circulating medium over a large section of the pro-

vince and at one time the books of the establishment showed an amount of

over $30,000 outstanding. Wheu the home market became overstocked the

firm exported its manufactures to Buffalo, and one ship-load of stoves and

other castings was sent to Chicago. Joseph VanNorman was the managing

partner of the company, and gave the name of Normandale to the locality

where the business v/as carried on. After five or six years he bought out the

interest of Messrs. Capron and Tilson and took in his brother Benjamin, who

retired a few years afterward ; and from that time until the furnace was

shut down in 1847, owing to the scarcity of ore and fuel, the business was

conducted in the name of J. VanNorman & Son. The enterprise appears to

have been sai^aciously managed from first to last, and Mr. VanNorman made

a fortune which he lost els-;where.

f

would not ask for the cannon. Another thing against me is, that there is not a man in the

country that I know of capable of working in the furnace. But the greatest difficulty I have

to overcome is iron-men, as we call them, arc the very worst sort of men to manage,
colliers not excepted. Not one of a hundred of them but \\ill take every advantage of his

master in his power. If I have just the number of hands for the work, every one of them will-

know that I cannot do without every one of them ; therefore every one of them will be my
master."—Statistical Account of Upper Canada, vol. i, p. 325.

*What old resident of the lake Erie counties does not remember the VanNorman stove,

that warmed the country stores and bar-roi>ms, and school houses and township halls of

forty or fifty years atro ? And the plat'- of the VanNorman stove was, saving in finish, such

as one never sees in the stove-plate of to-day.

fGr. R. VanNorman, Q.C., of Brantford, who several years ago furnished the writer with

a memorandum prepared by his father concerning his operations at Normandale, Marmora and
Houghton, gave also some intere.sting information relative to an economic invention used at

an early period in the Normandale works. It i.s not claimed that Mr. VanNorman was the
• t • i_„ _r iU_ i^.^t „;_ ui„„i ,..u:„u „ j- 4.„j i-.. T u Nr„:i „£/''i ;—

the double purpose of heating the blast and roasting the ore." Bog iron ore contains a large

amount of moisture, and unless it is dried or roasted before being put into the furnace an
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venture.

A blast furnace was erected on the Crow river, township of Marmora
about the year 1820 by Mr. Hayes, to treat the magnetic ores of what is
known as the Big Ore bed at Blairton on Crow lake. Little seems to be ^HeMa^oraknown of this enterprise except that Mr. Hayes lost heavily hy it and that

^-''-
™°"

the property passed into the hands of Hon. Peter McGill of Montreal the
principal creditor. In 1828 the legislature appears to have been asked bv
Mr. McGilI for aid to carry on the works in the shape of a loan of £10 000
and in 1831, upon the petition of Messrs. Hetherington, McGill and Mana-
han, an act was passed to incorporate the Marmora Iron Foundry In 1839
commissioners were appointed by the government to enquire into the prob
able cost of transferring the penitentiary from Kingston to Marmora and the
terms upon which the Marmora iron works could be purchased, the obiect ^aiiurrr°"

°'

evidently being to utilise the labor of convicts in the mining and smelting
industry. But nothing came of the efforts to interest the government in the
company's affairs, and the business was carried on at a heavy loss. Mr VanNorman was induced to purchase the property in 1847 for the sum of
$21,000 after closing down the furnace and works at Normandale. In the VanXom^an'.
fall of 847 he moved to Marmora, and after expending a large sum in fittin.

""^

up the furnaces, putting in machinery, ovens and blowing apparatus, erecting
and repairing buildings, cutting cordwood and making charcoal for fuel he
got the furnace started in the summer of 1848. But the amount of iron
produced from a given quantity of fuel was a sad disappointment, and nothing,
but disappointment and loss attended every effort. After the iron was madt
It had to be carted a distance of thirty-two miles to Belleville, over rocks and
log-crossings and roads so rugged that waggons were constantly breaking and
the shoes of the horses were pulled off between the logs and stones The ob
stacles were such that it was found impossible to bear up under them and a new
route was tried. A road nine miles long was built from the ore bed on Crow
lake to Healy's falls on the Trent river ; a steamer on the river carried the pic
iron to Rice lake, and thence it was carted twelve miles to the dock at Cobourg"

extra quantity of fuel is required to smelt it. Bv constrnpf-,-n.r <> c^+ <• u i

'

bers at the level of the charging door and conneSn? the,^ wft h ,h v! .^/^^ °-''^°' °^ '^ham-
Norman was enabled to roast the ore bv utSL th?J.L ^ shaft by pipes Mr. Van-
Openings in the sides of the oven aLTttedatmoEicai^ which' rn^-^''"'

^^ '^' ^^^"^^«-
the gas, produced combustion, and the ore in the chrmber w.^r • '/. ^^u-°

^''^^^^^ '"'^^^

air blast of the furnace being fed at the same thS tC i^

'''^•*° ^ '^^'^^ ^«^*' t^e hot
roasting chamber. In this way the ore and thp hi, V T?u F'^®'

connected «-ith the
any wood, coal or other fSthanXelSL^as wWh^^^^^
out of the chimney to be lost for an^isefufSnoi'WTw.^rv"^^^ ^^!? ^^^'""'^ otherwise
G. R. VanNorman says, "that my father cEeH^nH i^ Tf l^'t

^^^^'^ntion m its entirety,"
States, and in which he failed not^becauserwas nof hpI .nH ^^1 T,'""*^^ ^° '^^ United
being advised by his agent at Washington to PaT not thl^^oo "^^f-"''A"* ^^ "??^'^^ ^^ his
ject, which he was at that time, but the $25fee oaviblp h! fn a'^'''

^'^ ^"'?°? ^ ^"ti^h sub-
been born in the United States The oven wt, ^f/''?^^

^^"^ American citizen, he having
only part of the invention, and it ^ very 'prol^k thatiSrmL'^h'"'!'

'^' ^^^-^^^ ^^^
furnaces prior to the invention of the oven ahhouH. n^f i t^

^""^^^
^f®" "^'^^ i° Wast

The oven was also used in the fSge forheatfi^? WoLs Lh""'"^" *i°
""^

H^'^'' f * ^^^t t™e-
hammered into the requisite sizes "Phfllhl in h . S ''T

ba'-s so that they could be
shortly after the application of hot blasVto ron-maldn^ var^n, «..°^

Metallurgy, says that
ploy the waste heat escaping from the throat of Hi^fn^Ji^ attempts were made to em-
gases has become almost'^un^vers^l in auTron producingdi^^^^^^

employment of waste
attempted to utilise the furnace gases is gi v en to AuWot of F ^ f^^'^ °^ ^'^'"'"g ^^^^
Encyclop«Bd,a Britannica constructed a k!ln"ortht purpose in 18ir('s?r^£^^^^^^^ li"

'^''

1814); but It was not until (Jeorge Parry of Ebbw Vale invPnf^H fhi ^ ^^^^thian Bell says
ment about 1850 that the utilising of fLnace Jlses h™o the cup and cone arrange-
took out a patent in England to ufe wastrgases^for heatirthfhlf,?S f^r^^"^^.

'^\^- ^"^^
stove appears to have blen an earlier inventSn ^ '

^"' ^^'- ^"anXorman's

21 (M.C.)
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The cost of carriage by this route was cheaper than the other, and the pig iron

sold readily at ^30 to $35 per ton. But about this time the St. Lawrence

canals were completed and foreign pig iron began to be brought up an4 sold

at Belleville and Cobourg at $16 per ton. This circumstance alone settled

the question of producing charcoal iron in the province except at a ruinous

loss to those engaged in the business, and Mr. VanNorman was compelled to

close his works with the loss of everything. A few days before leaving

Marmora he received a letter from the Hon. Peter McGill expressing regret

at his failure and enclosing him a cheque for £100.* In Mr. VanNorman's

memorandum it is stated that after him came the Marmora Iron Foundry

company whose losses were not far from <£20,000, and that next came an

Marmora Iron English Company whose losses Were Said to be not less than £75,000. The
Works company.

]yjg^j.^^Qj.g^ JroTi Works company was formed in Belleville, and according to a

statement of one of its members the quantity of pig iron produced by one of

the two furnaces was five tons per day of very superior quality, and it was

found after a test run that the probable cost of manufacture in a blast of

longer duration would not exceed £3 or £3 5s. ($12 or $13) per ton. " Ex-

cellent as is the cast iron made from this ore, it is still more suitable for bar

iron, the toughness and ductility of that which has been made there giving it

a preference to the best Swedish iron."f

The English company began operations in 1856, when extensive repairs

were again made, and with worse results than had attended any of the previous

ventures, apparently because the manager did not understand how to treat

the ore. The furnace was again in blast for a short time under the charge of

Mr. Bentley, and in the report of the Geological Survey for 1866 an account

of the work done is given by Mr, Thomas Macfarlane, who was then a member of

the staff, from information supplied by Mr. Bentley. " The furnace then ran

di runf
"""^^

forty days in all," Mr. Macfarlane wrote, "and was working well and con-

stantly increasing in yield when orders were given to blow out because funds

to pay the workmen were not forthcoming. Until the fourteenth day a hot

blast was employed, but the heating apparatus then broke down and during

the remaining twenty-six days a cold blast was used. The charge consisted

of 400 lb. ore and 23 lb. limestone. The fuel used to each charge was six-

teen bushels of charcoal. While the hot blast was being used fifty charges

*Joseph VanNorman's memorandum.

t"The iron mines were worked some years ago, and large sums were expended without
any beneficial result. This however is not surprising, as although the distance of the works
from the front is not so great as to prove in future any great bar to their successful occupa-

tion, the means of communication have hitherto been so little improved that during certain

portions of the year the settlers in the back townships were almost debarred from intercourse

with the front, roads existed merely in name and the expense of carriage of a heavy article

like iron was great. This however is not the only reason why these mines have been unpro-

ductive, or pi-oductive only of loss to those engaged in the manufacture. The parties who
have had charge of the works have been constantly behind the age they lived in. When
through the agency of the hot blast and new methods of treating the ore the cost of manu-
facturing cast iron had been materially reduced in Britain, the old mode of smelting by
means of the cold blast was attempted here, as well as the manufacture of bar iron without

the aid of any other machinery than the hammer, the anvil and the bellows. Under such cir-

cumstances it is not surprising that the proprietors of the works could not compete with
importers, or British iron masters who carried on their operations by means of the most
improved machinery, with large capital and coal at an almost nominal price. The attempt
however was persevered in manfully, till many thousands of pounds were sunk by the pro-

prietors. This however could not last, and the works were closed."—Smith's Canada, vol.

, pp. 246-7 (1851).
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were smelted per diem, and five tons of iron produced. With cold air the

ore consumed and the iron produced amounted only to three-fifths of these

quantities. To ascertain the actual cost of producing the iron was more ^ion.
°^ ^"^°''"°'

•difficult as the general expenses of the establishment were enormous. Assum-

ing these to amount to |2 per ton of product, the following may be considered

as the actual cost of one day's running during the last trial of the hot blast

At Marmora :

Items of cost.

10 tens of ore at $2

800 bushels of charcoal

1 furnace man

8 laborers

Repairs, wear and tear, etc.

General expenses

I
Cartage to Belleville of 5 tons of iron.

Total cost of 5 tons pig iron. .

.

20 00
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Results with
wood fuel

Cost of pro-
uction.

put it in blast. Limestone was used as a flux and three different blasts were

started with different materials found in the neighborhood for hearthstones.

In each of these three trials the hearthstone was rapidly cut out by the

slag, the furnace became unworkable and was blown out, always at a great

expense for repairing the furnace and for fuel in heating it up. Mr. Seymour,

supposing the bad quality of the hearthstones to be the cause of these mis-

fortunes, procured a new hearth from Rossie in New York of the material

used in the furnaces there. The furnace was again started, but, by way of

precaution, with a blast at only one tuyere. The same flux was used as formerly

and the same slag was produced, cutting into the Rossie stone as much as it

had ever done into the hearthstones previously used. It having been thus

demonstrated that the former hearthstones -were not at fault, since even the

Rossie stone could not withstand the slag, Mr. Seymour decided to alter the

flux, substituting for the limestone a sandy clay. This was done, the blast

was stopped at the damaged tuyere, and introduced at the one which had

been kept unused. Very soon the character of the slag changed. It became

mild, did not cut into the hearthstone, and kept fluid and in motion long

after it left the furnace. The iron was of excellent quality, but at this time

the stock of charcoal became exhausted, it being impossible to procure charcoal

burners to keep up the supply. Reduced to extremity, Mr. Seymour caused

cordwood to be sawn up into lengths of two feet and used instead of char-

coal. For seventy-five days he continued to work his furnace with the same

fuel and with only one tuyere, producing a good slag and excellent iron

to the extent of one ton daily. About eighty tons were produced in all

during the blast and cast into stoves, potash kettles, etc., besides a small

qiiantity of pig iron. The latter found a ready sale in Belleville at $27 per

ton, and was considered of first-rate quality for machinery. Encouraged by

his success in smelting with wood, Mr. Seymour repaired the furnace and

started it again with wood alone as fuel and with the two tuyeres at work.

From two to two and a half tons of iron were produced daily, but it was of

an inferior quality ; the castings made with it cracked in cooling. Mr.

Seymour was led to suspect that this was caused by the wood descending too

quickly and insufl3.ciently charred into the furnace. That this did affect the

quality of the iron was proved by stopping one of the tuyeres. The daily

produce sank to one and a quarter tons, but the good quality of the iron was

restored and the furnace kept in blast three months. The exact cost of the

operation I could not ascertain, but Mr. Seymour assured me that according

to his books this blast contributed somewhat to improve the financial position

of the concern. The daily product of iron was however too small and smelt-

ing with charcoal was again resumed, in the midst of which Mr. Seymour's

partner was killed by an explosion in the mine. The difficulty of settling

with his heirs became superadded to the financial difficulties of the concern,

and Mr. Seymour's means having become exhausted he was obliged to sus-

pend smelting operations. Among the facts demonstrated by his experience,

not the least interesting was the producing of cast iron of excellent quality

in a blast furnace with wood alone as fuel. Mr. Seymour entertains the

opinion, and surely his experience justifies him in so doing, that were a
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furnace specially built for the purpose, and so high as to allow the materials
fifty hours to descend, wood could be used as fuel and five tons of iron

produced daily. His estimate of the cost of doing this is as follows :

Items of cost.

15 cords of wood at $1

I 10 tons of iron ore at $1.50

I2 tons loam

Crushing ore at 10 cents

Labor, 2 top-men

Labor, 2 furnace-men

Labor, 1 gutter-man

Labor, 1 overseer
,

Wear and tear, etc

General expenses

Total cost of 5 tons pig iron

.

15 00

15 00

1 50

1 00

4 00

4 00

1 50

5 00

5 00

8 00

60 00

This is equal to $12 per ton of iron produced, and if the freight to Belle-

ville be added the total cost is $16 per ton. With cast iron at $26, the
profit would be $10 per ton."* Mr. Macfarlane further states that on general
grounds it is reasonable to suppose that when properly conducted the same
success would attend the iron manufacture in Madoc and Marmora as has
attended it in other countries where similar conditions exist. " In Sweden
and Norway, as in Canada," he says, " the ores are generally ma<ynetic the
fuel charcoal, the motive power water, the means of transport and commu-
nication imperfect ;

labor is certainly cheaper, but the ores are less rich .33

per cent, being the average in Norway, The same conditions as to ore, fuel,

etc., obtain in New York, where the smelting of iron ores seems to be very
tjuccessful ; and if care be taken to employ the same skill, and with due
care and judgment the same apparatus and processes which are there applied
with perhaps slight modifications, iron would doubtless be as successfully

made in Canada as in New York. The protective duty in the latter country
is to a great extent balanced by the higher prices for labor and fuel."t The
failure of Mr. Seymour's venture, according to the accounts of Mr. Mac-
farlane and of his son, Mr. F, E. Seymour, does not appear to have been
due to the quality of the ore, but rather to the primitive methods employed
and the lack of sufiicient capital where costly experiments had to be carried
on with an ore the nature of which was not perfectly known. The use of
loam instead of limestone for flux seems to have been attended with very
satisfactory results, a knowledge of which mky j^rove to be valuable in the
future treatment of our dense magnetic ores.

After the failure of Mr. VanNorman at Marmora, already referred to
that pioneer iron-maker returned to his old home at Normandale. The Great The Houghton

Western railway was then under construction, and parties concerned in
^"™*'^®'

furnishiag oar-wheels for the railway company (Messrs. Fisher & McQuesten

* Thomas Macfarlane in the Geological Survey report, 18G6, pp. 109-111.

t Geological Survey report, 1866, p. 111.
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VanNonnan'8
second failure.

A Haliburton
enterprise fails

for lack of

capital.

of Hamilton) experienced much difficulty in getting suitable iron for the^

purpose. The charcoal iron formerly made by Mr. VanNorman out of the

bog ore was believed to possess the requisite qualities, especially the quality

of chilling or hardening when cast on an iron surface, and a contract was

made between the parties in which the founders agreed to take all the pig

iron Mr. YanNorman could produce at $45 per ton, providing it was found to be

suitable for car-wheels. As soon as the contract was signed Mr. VanNorman

sent a prospector into the township of Houghton, in the western part of

Norfolk, to ascertain if ore could be found there in sufficient quantities to

warrant the building of a furnace. The report was very favorable, a blast

furnace was erected, and smelting operations began in the fall of 1854. In

the spring of 1855 a shipment of 400 tons was made, but not long after

Mr. VanNorman was notified by the founders that the iron would not chill,,

and consequently could not be accepted under the terms of the contract-

He visited Hamilton and saw to his surprise that the facts were as repre-

sented, and instead of getting $45 per ton for the iron he was obliged to-

sell it at $22. This was the period of the Crimean war, and business was.

booming in Canada as a consequence of the great demand for farm products,

wheat selling at $2 per bushel. Labor cost nearly twice as much as in

former years, horse feed and provisions of all kinds were high, and the

iron cost more to produce than it was worth in the market. Under these

circumstances the works at Houghton were abandoned, and Mr, YanNormaa

and his sons lost in this enterprise about $32,000. Between Marmora and

Houghton all that had been made at Normandale was irretrievably lost, and

Mr. VanNorman's career of over thirty-four years in the blast furnace

business ended.*

The last venture was made in 1882 by an American firm, Messrs,

Parry & Mills, who erected a blast furnace on the Burnt river in the

county of Haliburton, as stated in the evidence of Mr. Shortiss. They

were unable to complete the works owing to insufficient capital. Every

efibrt was made to borrow $10,000 upon the security of the property,

Mr. Shortiss says, and although between $50,000 and $60,000 had

been invested no financial assistance could be obtained and the enterprise

failed. A report on the properties made to Parry & Mills by W. H. Merritt

in 1883 shows that the furnace, charcoal and calcining kilns, saw-mill, etc.,

were well advanced towards completion, and he considered that when the

plant and properties of the firm were placed at $65,000 they were valued

at a reasonable and legitimate price. " With your exceptional advantages

in wood limits," Mr. Merritt stated in his report, " enjoyed to no greater

extent by no charcoal^ smelting works on the continent, excellent water

power, proximity of flux, railroad facilities and short distance from market,

I have not the slightest hesitation in saying that in my opinion, with

ordinary good management, your enterprise will pay handsomely." Yet

for lack of sufficient capital Messrs. Parry & Mills were unable to complete

the works, and the money and labor they had expended became a total loss.

' Joseph Van Norman's memorandum.
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LESSONS OF THE FAILURES.
This is a hapless record of failures ; but does it show that the pig iron

industry has no future in Ontario ? Has the industry had a fair trial under
, . T . 11 , . Has pig iron »
favoring conditions, and were the means taken and the methods pursued in future in

all respects such as a successful iron man of the present day would commend

or imitate ? The Normandale works alone were successful, although not

before the projector ofthem was ruined in getting experience.* Mr.VanNorman

profited by John Mason's failure, and as the ore was not difficult to treat he

was soon able to apply intelligent methods in his furnace. He was also for-

tunate in making such uses of the pig iron as the circumstances of the country

most required at that time, and doubtless a second profit was made on the

farm products which he took in exchange for his own wares. But the mag-

netic iron ores of Hastings and Peterborough required a difierent kind of

treatment ; and although some knowledge of improved processes was gained by

Mr. Seymour, Mr. YanNorman and others, it was not equal to the require-

ments of economic production with small capital and primitive methods in a

region so inaccessible by reason of bad roads that the freight cost on supplies

brought in from and products sent out to the nearest market town was $4 per

ton. Failures have overtaken many other enterprises since then, in Michigan ^here.^
""'^^

and elsewhere, from the operation of the same causes ; but they do not prove

that success is not attainable under better conditions.! With modern plant,

a practical and scientific knowledge of how to treat magnetic ores, adequate

capital, facilities for cheap transportation and good business management,

the manufacture of charcoal iron ought to be as successfully carried on in

Ontario as in New York, Michigan or Wisconsin. It is possible also that the

manufacture of coke iron and anthracite iron may be attempted, but until

the trade relations between the United States and Canada are more free the

freight charges are likely to be too heavy for these fuels to be brought in at

a moderate cost. The rapid growth of the iron industry in Illinois, which Free commerce

increased from 78,455 net tons in 1878 to 579,307 in 1888, is mainly a result of nomk' mlnui^^

the greater cheapness with which the raw materialsof manufacture can be
'""^^

brought together under a condition of free inter-state commerce. Return
cargoes make cheap freights.

OUTSIDE SOURCES FOR SUPPLIES.
The trade tables appended to Section iii show that Canada's yearly

average of imports of pig iron for the seven years 1881-7 was 60,000 net tons, Canada's veari.v

and it is computed that if to this quantity be added the equivalent of all
f^^n^^J*^'

other iron and steel goods imported and the production of our own furnaces producta

for consumption the total pig iron requirement of the Dominion is about

* " Those who be^in iron works after me in this country," John Mason wrote to Robert
Gourlay in 1817, "will start many thousand dollars ahead of me; everything they want
except stone will be had here, the best method of working the ore will be known, and men
will be learned to work it."

t The editor of the Charcoal Iron Workers' Journal, commenting on the failure of the
Steel Company of Canada in 1885, said: "It is seldom that pioneers in iron manufacture in
any region are successful, and almost every iron producing district in the United States has a
graveyard <«f buried hopes and expectations." (Vol. vi, p. 326.) But the experience of Canada
where S2,o00,000 was spent in this one enterprise led him to believe that there must be a
cause for it beyond the ordinary course of events.

ion o*
ron
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iron.

275,000 tons yearly. The pig iron made in the country is an inappreciable

quantity, and the province of Ontario does not produce a ton.* Our foundries

and iron works are largely dependent upon outside sources for supplies, four-

fifths of which are imported from Great Britain. The whole of the charcoal iron

comes from the United States, chiefly from Michigan, Wisconsin, Connecticut,

New York and Alabama, but it does not exceed 15,000 tons a year. Now as it

does not appear certain at present that we could safely enter upon the smelt-

ing of iron ores with mineral fuel in Ontario, it is all the more important to

consider the business outlook for smelting with charcoal fuel. Is the home
consumption large enough to make a market for the production of one or

more blast furnaces 1 In view of the cost of production and the market

prices, is there a reasonable prospect for investment of the required capital 1

Is the demand for charcoal iron likely to continue and grow 1

CHABCOAL IRON AND ITS USES.
Owing to its purity, fine quality and strength charcoal iron is used

largely in Canada and the United States for malleable castings, and chiefly

for car wheels. In the manufacture of these wheels it is of the first import-

ance to secure strength to resist the strains and shocks to which the body of

the wheel is subject in travelling on the rails, and sufficient hardness in the

tread and flange to stand the wear to which it is exposed. The latter pro-

perty is given to the iron by the process of chilling, which is produced by

making the tread and flange portion of the mould of cast iron. When the

molten metal comes in contact with the iron section of the mould it receives

a chill, the effect of which is to crystallise it to a greater or less depth if of

the right brand. Upon some kinds of iron the chill-mould has no effect,

whereas upon others the chill will extend one or two inches in depth. The
very hard and brittle iron usually chills most, but the body of the wheel

Qualities of iron
^^^^^ ^^ tough and strong, and capable of standing strains and blows of every

wheei?^
^°^ '^^^ description. Hard white iron chills easily and has a high tensile strength,

but it is so brittle that it will not bend, and if exposed to a sudden shock it

will break with a comparatively light strain. Then again iron may be

too soft and flexible, and have so little strength that it will bend like a bar of

lead. The iron which has the two qualities of tensile strength and flexibility

combined in the highest degree is consequently the kind best suited for the

body of the wheel, while for the tread and flange it must have the chilling

43ar wheels and
malleable cast-

ings.

^Statement of the quantity of pig iron upon which the Dominion government has paid a
bonus for each of the last six fiscal years, together with the amount so paid, as furnished by
the treasury department at Ottawa :

Fiscal year.
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property.* Now the experience of railways in the United States and Canada

is that the best iron for the purpose is that which is smelted with charcoal

fuel, and in both countries little of any other kind is used. In this country

•we are largely dependent on the United States for our supply, and wholly

so in Ontario. The furnaces at Three Rivers and Drummondville, in Quebec, Ourcousump-

produce 8,000 to 10,000 tons yearly, the greater pirt of which is used in iron

Montreal, where there are two car wheel foundries. John McDougall ik Co.,

who own and operate the Drummondville furnaces, use the whole of their

own make of pig iron and import from the United States besides. They
melt about 45 tons of metal per day, all charcoal pig. The Montreal Car

Wheel Co. obtain their supplies of charcoal iron from lake Superior, Salisbury
^^°'^*''^*'-

and other districts in the United States. The Salisbury iron costs about ^38

pergi-oss ton delivered at the works, and the lake Superior iron about §27.

They use charcoal iron solely in the manufacture of car wheels, and run about

20 tons per day. The Grand Trunk works at Hamilton have used about

1,800 tons of charcoal iron annually for the past eight years, but it is ex-

pected that in the near future this quantity will be increased to 7.000 tons „ .
•*

_

i. J J Hamilton.

per annum. The iron is purchased in Michigan and Connecticut principally,

and costs from $23 of the former to $34 of the latter per gross ton, exclusive

of duty. The St. Thomas car wheel works when running to their full capacity

use 25 to 30 tons of charcoal iron per day. Lake Superior iron costs, laid

down and duty paid in that city, $26 per ton ; Salisbury iron $38 ; and the St- Thomas.

Southern iron, made in Alabama and Tennessee, about $30. The difference in

prices is due chiefly to difference in qualities. " A very important considera-

tion in the making of any castings of charcoal iron," the manager of these

works says, " is the re-using of old charcoal iron, such as scrap car wheels.

Certain classes of iron when put into service never turn up again as scrap,

at least not for a long time, for instance, iron pipe and general iron fittings.

Oar wheels when worn out are very little depreciated in weight, and are

melted over again with the addition of new iron. There is no doubt " he
goes on to say, "that charcoal iron could be made to good advantage in

Canada, the only obstacle being the large amount of capital required for in-

vestment in a plant and the uncertainty of the prices of iron until a perma-
nent protective policy is insured." The malleable iron works of Mr. W H « •., • ^„

,

• ' .
j~t. sniitu s Falls.

Frost at Smith's Falls use 1,000 tons of charcoal iron per annum, brou<^ht

in over the Canadian Pacific railway from northern Michigan. The price

fluctuates two or three times during the year, ranging from $27 to $35 per

ton laid down at Smith's Falls and duty paid, and Mr. Frost says it may
touch as high as $45. Other malleable works in the province are located at

Oshawa, Merrickville, Guelph and Hamilton, and they use about 2,500 tons of other maiieabi*

charcoal iron a year, at prices ranging according to the brand from $26 to $36
per ton, including freight and duty.

* Sir Lowthian Bell found in America that cold blast charcoal iron was infinitely pre-
ferred to metal smelted with hot blast for chilled railway wheels, wrought iron or steel bein?
rarely used under railway carriasres. It was uniformly stated, he says, that the cold blast
iron wheels take a deeper chill and wear much longer than those made from hot blast the
same charcoal and mmerals bemg used in both cases. —Principles of the Manufacture of Iron
and Steel, p. 152.
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The total quantity of charcoal iron used is not large, but the statements

of several leading foundrymen warrant the opinion that much more could find

a market at a lower range of prices. Mr. Copp of Hamilton stated that his

firm use the best brands of British pig, costing $23 per ton, and mix it with

about one-third Londonderry as the latter cannot be used alone, being a

slaggy iron. They do not use charcoal iron at all, but he thinks they ought

Opinion of fouii- to use it as it makes the most valuable castings. With one-third charcoal

value of charcoal iron he believes they could use English and low grade Scotch iron costing^

' $3.50 to $4 per ton less than the best brands, and turn out a strong fine plate.

A much finer plate is made now than formerly, and they require the best-

iron that can be got. " If our machine men," Mr. Copp said, "used more

charcoal iron in their castings they would be of a better class, and it would

be better for the country. As soon as it is established that charcoal iron

makes better work we will all be willing to pay more for it." Mr. Laidlaw,

another Hamilton foundryman, also uses the best Scotch iron, costing $2S

per ton, but thinks they could use charcoal iron mixed with the Scotch, and

that it would strengthen and improve the castings.

Mr. Massey of Toronto stated that the cost of Scotch and Londonderry irons-

ranges from $18 to $21 per ton, but in his shops they do not care to use more

. ,, , than a quarter or a third of the latter. Detroit charcoal iron costs $25 to-
An agncultural ^
implement man- $27 per ton freight and duty paid, Alabama iron $30 and the Salisbury $36.

teetimony. " If Canadian charcoal iron," he said, " could be produced for a little more

than Scotch or Londonderry, no doubt we could use it for nearly every kind

of iron we want to make. It makes a stronger and better casting, and it

would be simply a question of the cost. For machinery castings we want the

best iron, and the expense is what has kept us from using charcoal iron. I

would take charcoal iron at $24 a ton rather than imported iron at $22; I would

consider it would be $4 a ton more valuable. Charcoal iron at $4 a ton more

would command the market for all strong castings ; we could use 2,000 tons

of it. . . The manufacturers of agricultural implements would use it,

and if one used it and made better castings competition would compel the

others to do likewise. The cheapest charcoal iron at present imported costa

$28 a ton, and if the Canadian were less than that it would command the

market for charcoal iron." Mr. Massey does not believe that a profit of $6>

per ton is made on charcoal iron in Michigan, and thinks they would be well

. satisfied to make a pro6t of $3 per ton.

COST OP PEODUCTION.
The question of the cost of production is less easily determined than

questions of demand or market price. It has been shown how much of pig irort

is required for yearly consumption in Canada, either in the raw material or

Cost of produc- its equivalent in the finished article, and how much it costs when imported,
tton IS a busmess ^
secret. with freight, duty and the profits of makers and dealers added. These facts

are easily ascertained from public documents and business men. But the

actual cost of production is a business secret of the furnace men which few

of their number care to divulge, and without full and exact data it can only

be ascertained approximately. Besides, the conditions are so variable that

the results are hardly ever the same for any two furnaces. Even in the same



331

furnace the figures are never constant over a long period of time, being

affected by the quality and cost of ores, fuel, flux and labor, as well as by the

working state of the furnace itself. Nothing need here be said of how much fequisVtesf^^

cost depends on intelligent methods of treating the ore, improvements in

furnace construction, or the possession of technical skill and business capacity

in the manager ; but obviously they are essential pre-requisites of successful

and economic production.

The data presented in the following pages relate for the most part to the

manufacture of charcoal iron, and have been selected with the view of showing charcoal iron.

as nearly as may be the range of cost from lowest to highest. In some

instances it has been possible to procure the quantities of raw material

only, but even these are useful in making up a general estimate.

The items of cost at the Marmora furnace given by Mr. Bentley, the

manager, to Mr. Macfarlane* are based on a daily run of five tons, two tons Madocfumaee
records

of ore at $2 per ton and 160 bushels of charcoal at six cents per bushel to

produce one ton of pig iron, labor $2.10 and other expenses $2.80 per ton

—

making the aggregate cost $18.50. The items of cost at the Madoc furnace,

also obtained by Mr. Macfarlane from the manager of the works,! are based

on the same daily run, with ore of the same richness, but with wood instead

of charcoal for fuel. There the cost of ore and fuel was $3 each per ton of pig,

flux 30 cents, labor (including the crushing of the ore) $3.10, and other

expenses $2.60—making a total of $12 per ton. Following is a comparative

statement of the cost of production per ton at those furnaces :

Items of cost.

Ore

Fuel

Flux

Labor

Wear and tear . .

.

General expenses

Total

Marmora.

$4 00

9 60

2 10

80

2 00

Madoc.

$18 50

S3 00

3 00

30

3 10

1 00

1 60

§12 00

The difference in cost of fuel, it will be observed, is $6 per ton, which may
be readily accounted for by the large quantity of charcoal consumed at Mar-
mora and the low charge for wood at Madoc.

In July, 1883, Mr. W. H. Merritt of Toronto, mining en^^ineer made
an estimate of the cost of producing iron at Kinmount for Messrs. Parry An estimate for

& Mills, after a careful survey of the region and an examination of their furufJe""'"""*

works at that time in course of erection. The furnace was 50 feet hicrh, 9i
feet diameter at the bosh, and it was computed that its daily output of pi^

iron would range from 20 to 30 tons. It was to be supplied with ovens to

heat the blast to 900° F. if necessary, with a blower capable of supplyin o- a
blast up to three or four pounds pressure ; a Blake crusher was provided to

break the ore, and the machinery was to be driven by two turbine wheels of

See page 323. t See page 325.

i
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Profits.

50-h.p. each. Twenty charcoal kilns were to be built, of the ordinary bee-

hive style, and it was assumed that the cost of wood delivered at the kilns

would not exceed $1.50 per cord, or cost more than 62 per cord converted

into charcoal—the wood producing at least 40 bushels at five cents per bushel,

although Parry & Mills claimed that they could make it for less per cord. The

cost in the estimate was however taken by Mr. Merritt at six cents per

bushel. '' As I allow 120 bushels to the ton of iron," he stated in the report,

" it will be recognised that this is equivalent to $1.20 more to the ton of iron

above what may be reasonably expected." As it was intended to use mixed

ores from the Howland mine, the Madoc region and elsewhere, the averag©

cost was placed at $3.06|- per ton of 45 per cent. ore. Limestone of fine

quality was obtainable half a mile from the furnace and could be quarried

cheaply ; and labor was reckoned at the rate of $2 for skilled and $1.25 to

$1.50 for unskilled per day. Taking these liberal prices as a basis of calcula-

tion, Mr. Merritt made up the following estimate of cost of production:

Items of cost.

2| tons of ore at $3.06^ . .

.

120 bushels charcoal at 6c

.

Labor and repairs

Wear and tear

Limestone . . .

.

Cost per ton of iron.

$
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States Association of Charcoal Iron Workers ani^ editor of their journal, was Estimates for*

put in evidence by ]Mr, W. H. Wylie of Carleton Place. This report was n^i^f^J^nark

made to Messrs. Wylie and Hall after an examination of properties in the
^°^^^y-

townships of Darling and Lavant, with a view to the suitability of the

locality for the establishment of a charcoal smelting furnace, and it embraced

estimates of the cost of making pig iron from the ore. The ores examined

were of the class of rich magnetites, those analysed showing about 66 per

cent, of metallic iron ; but in making his estimate Mr. Birkinbine calculated

on an average of 55 per cent, ores, and the cost of mining at 81.60 per ton.

*' As wood is abundant and cheap," he stated, " you need have no fear as to

fuel supply, and the character of the timber growth will make charcoal of the

best quality. In many parts of the United States, where wood is by no

means as plentiful nor of as good quality as in Lanark and adjacent counties,

charcoal is made in meilers in the woods and delivered to iron works at six

cents per bushel. When kilns are used a lower price still is often obtained
;

and if retorts are employed a further reduction in cost is possible, even if the

gaseous products are not utilised. To illustrate : Our iron works have a

batteiy of kilns located in wood very similar to that adjacent to locations

examined, and a responsible party contracted to cut the wood, haul it to

kilns, carbonise it, and deliver the charcoal in cars at four cents per bushel."

In making his estimate however Mr. Birkinbine put the cost at five cents

per bushel of 20 lb., which he considered would be ample for a number of

years ; and allowing for a possible refractory character of ore and contingen-

cies of operation, an average consumption of 110 bushels for each ton of pig

iron.* With these allowances the following estimate was given as ample to

cover the expenses of producing one ton of pig iron, with a modern plant and

appliances :

Items of cost.

1.8 tons of 55% ore at furnace.

.

0.3 ton of flux

110 bushels charcoal

Labor making iron

Repairs and supplies

Interest and superintendence .

,

fTotal cost per ton of iron

3.60

45

5.50

2.00

50

80

12.85

To produce 3,000 bushels of charcoal per day would require a plant of

kilns to cost about $12,000, and to make the same quantity in retorts pun^etc.'
*"

* Charcoal pig iron, Mr. B. stated in his report, has been made with from 70 to 80 bushels
of charcoal.

fin commenting on this estimate Mr. Birkinbine said :
" Low gi-ades of English pig

iron now command nearly §20 per ton in Montreal
;
you could therefore probably deliver

first class charcoal iron at the same point for SiO per ton and have a good profit. It is not
to be presumed that those now supplying Canada with pig iron will fail to contest for the
market with home production, but svith a duty and bonus representing .S3.50 per ton of pro-
duct I see no reason why Canadian pig iron should not be able to largely or entirely displace
that now imported." The bonus and duty represents now §5.50 per snort ton.

II
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would require an outlay of •$25,000. Mr. Birkinbine gave the following

estimate of capital required to acquire land, develop mines and smelt the ore '

Items of cost.

Mineral and timber land, say

Developing and equipping mines .

.

Blast furnace

Tram roads, say

Dwellings, store, etc

Charcoal plant, if retorts are used

Incidentals

Working capital

Total

10,000

30,000

50,000

10,000

20,000

25,000

5,000

50,000

200,000

Estimate for a
•furnace at the
BeUnont.mine.

The item of cost of land, it was explained, was not intended as a valuation of

any particular property, but simply to show that the cost of land was not

overlooked, and the estimate for buildings was made on the assumption that

a company would wish to erect its own houses, office, store, etc. " To earn

ten per cent, on this amount ($200,000) with an average output of 30 tons

per day, say 9,000 per year, would require a profit of about $2.25 per ton of pig

iron made "
; so reported Mr. Birkinbine.

Mr. Ledyard stated in his evidence that he had received an estimate

from Mr. J. B. Witherow, a furnace builder of Pittsburg, Pa., for the manu-

facture of charcoal pig iron at the old Belmont mine at an actual cost of less

than $10 per ton. He estimated the necessary capital at $150,000, the plant

of which would include a Clapp-Griffiths converter capable of producing steel

at $14 per ton, charcoal being reckoned at six cents per bushel. "We
could deliver the ore at Toronto," Mr. Ledyard said, "supposing the company

to own the mines, at $2.25 per ton—$1.50 to mine it and 75 cents for

freight. If the furnace proprietors did not own the mines, then 50 cents per

ton would be a fair royalty. In Chicago good Bessemer ore is $5.25 to $5.75 ;

they use Connellsville coke, and I think it could be delivered here a little

cheaper if there were no duty. With the fuel as cheap and the ore at half

price, we should stand a good chance if we had the same market."

Three several estimates of cost of production are presented in the evi-

dence of Mr. 0. J. Pusey, himself a practical iron maker—the proposed

Estimates made furnace to be located in the township of Suowdon, in Haliburton, and to use
by practical men. '

ores taken from mines owned by Mr. Pusey's company. The first of these

estimates was made in 1881 by Messrs. Taws and Hartman of Philadelphia

Coid-biasf^fum- for a cold blast furnace of 100 tons capacity per week, in which it was pro-
^^'

posed to use ores of the Howland, Imperial and New York mines, equal parts
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of each, giving a mixture of 59 per cent iron,

a ton of iron is as follows :

Their estimate of the cost of

Items of cost.

4,000 lb. ore at SI per ton

2,520 lb. (140 bushels) charcoal at 6 cents per bushel

177 lb. limestone

Labor, office expenses and superintendent's salary .

Repairs and taxes

Cost of one ton of iron

1.80

8.40

10

2.50

1.00

13.80

Their estimate of the cost of the furnace, forty feet high and eight feet bosh,

with hoist, tackle, cast-house, blowing engine and pipes complete, was $36,000

and of twenty charcoal kilns $10,000, each cord, of wood to cost $1.30 at the

kilns and to produce 45 bushels of charcoal.

The second estimate was prepared by Mr. J. P. Witherow of Pittsburg in

1884, and agrees with the one given by that gentleman to Mr. Ledyard. It

was for a hot blast furnace of 60 tons daily capacity, and was based on prices furnace,

of material and analyses of ores of the Howland and Imperial mines furnished

by Mr. Pusey. Following are the details :

Items of cost.

2 tons ore (§ Howland and ^ Imperial)

80 bushels charcoal at 5 cents

^ ton limestone

Labor

Salaries and incidental expenses

2.33

4.00

25

2.00

50

Cost of one ton of iron 9,08

The third estimate was prepared by Mr. Pusey himself for a hot blast

furnace of 30 tons daily capacity, to be erected at the Imperial mine and to

use equal quantities of Howland and Imperial ores. The ore of the latter

mine, Mr, Pusey stated, is too poor to ship, and he therefore proposes to

utilise it on the ground. His figures are :

Items of cost.

5,600 lb. ore*

200 lb. limestone

1,800 lb. (100 bushels) charcoal at 5J cents per bushel

Labor .

2.31

15

5.50

2.50

Repairs, taxes, etc 1 . 00

Cost of one ton of iron 11 . 46

* The larger quantity of ore in this estimate is explained by Mr. Pusey's statement of
the lean character of the Imperial ore, which is too poor to ship.

I
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One-half of the product of this furnace, Mr. Pusey stated, ought to be gool

enough for wheel iron or malleable castings, while the remainder would be

suitable for foundry or milling purposes. Anthracite and coke iron could

not, he said, be made for less than $14 or $15 per ton, and the market

averages $18 per ton ; while with charcoal fuel they could make it for $3'

or $4 less, and get a better market for the product.

The evidence of Mr, Shortiss of Toronto supplies an estimate of the cost

A Michigan fur- of producing iron at Snowdon, given in 1885 by Mr. McCorquodale, super-

maTe.*"*"^
^^*^'

Intendent of the Jackson Iron Oo.'s furnace in Delta county, Michigan. It

is based on the use of 55 per cent ore and hardwood charcoal, and is as

follows :

The Jackson
Iron Co.'s fur-

nace.

Items of cost.

2 tons of ore at $2 . 50 ......

100 bushels charcoal at 5 cents

Limestone

Labor and expenses

Cost of one ton of iron . .

.

5.00

5.00

25

1.67

11.92

Mr. McCorquodale was certain that Snowdon ore could be delivered at the

furnace at $2.50 per ton, while at his own furnace the cost was $4.84 per ton ;

and he stated that they were able to make charcoal at 5 cents per bushel and

haul the wood from three to four miles. " It is the long haul from the most

distant kilns," he added, " that runs the price up to seven cents or a fractiork

over." The cost of production at the Jackson Iron Co.'s furnace in 1885,

where the run was 50 tons daily, was as follows :

Items of cost.

1^ tons 62% ore

112 bush, charcoal

Limestone ...

Labor and office expenses

7 75
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the cost of producing a ton of pig iron, as extracted from his evidence, is as

follows :

Items of cost.
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The following estimate is extracted from the statement of Mr. Gerhauser,

*«^*^an's data
secretary and treasurer of the Detroit Union Iron Co., which appears at the

end of this Section and is for the long ton of pig iron :

Kecord of Iron
Mountain (ur-

Mce, Wiaoonsin.

Items of coat.

§ ton specular ore at $5.28.

.

§ ton hematite ore at $4.48 .

^ ton magnetic ore at $4.96.

87 bush, charcoal at 7^c

Limestone

Labor

Cost of a ton of iron 16 12

3 52
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Missouri, Maine, Pennsylvania and Maryland, showing (1) the size of each Record of s

furnace, (2) the average weekly product of pig iron for the period in
fyr^acei.

long tons, (3) the estimated per cent, value of carbon in the fuel, (4) the

average quantities of fuel, ore and limestone used to the gross ton of pig iron.

The following table gives the statistics of the Michigan furnaces :*

Furnace.

Union Iron Co .

Leland

Bangor

Detroit Iron Co

.

Spring Lake. . .

.

Deer Lake

Bosh.
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Record of the
Hinkle furnace
Wisconsin

Record of the
Mancelona
furnace,
Michigan.

Record of th«
Tecumseh
furnace,
Alabama.

Conditions
governing the
cost of ore and
fuel.

850°. The ore, which varies in the mixture from 58 to 61 per cent., is

brought from lake Superior mines by rail and vessel ; the limestone is^

brought by vessel from Kelly's island in lake Erie, and the fuel supply,,

which is made of two to one parts of hard and soft wood, is obtained at and

near the furnace, the longest haul being 40 miles by raihvay. The total

make of pig iron for the 3,205 days of running time—from March 4, 1880,

to September 7, 1889,—was 153,999 gross tons, the average make per day

being 48 tons, and the average quantity of charcoal required to make a ton

of iron being 93 bushels of 20 Ife. each. Another record is given in the same

' number of the Journal for the Hinkle furnace of the Ashland Iron and Steel

Co., located at Ashland, Wisconsin. In a period of 389 actual working days-

it made 29,398 gross tons of pig iron, being an average of 75| tons per day,

and since then it has made an average daily run of 90 gross tons. About 85

bushels of charcoal and If tons of lake Superior ore were used to make a ton

of pig iron. The stack is a taper shell 60 feet in height and 12 feet in

diameter at the base, and two fire-brick stoves heat the blast to a tempera-

ture of 900°. A record of the Antrim Iron company's furnace at Mancelona,

Mich., for a run of 340 days, ending June 1, 1887,* gives an average of 81^

bushels of charcoal to make a gross ton of pig iron, smelted from an average

of 3,754 B). of 60 per cent, ore mixed in the proportion of 80 per cent,

hematite and 20 per cent, specular. The average quantity of limestone

used for flux was 156 lb. per ton of metal, the average quantity of ore'

smelted per bushel of charcoal was 46| lb., and the average number of gross

tons made per day was 47|. The stack of the furnace is 48 feet high, the

diameter of the bosh 8 feet 6 inches, and the average temperature of the

blast for the period of the record was 850°. A record of the Tecumseh fur-

nace in Alabamat gives statistics of 2,080 days running time, from 1875 to

1882, during which 35,927 tons of pig iron (of 2,268 lb.) were produced, of

which 16,000 tons was No. 1. The ore was a brown hematite yielding 49.2

per cent., and the average quantity required to make a ton of iron was 4,550

lb. The quantity of charcoal required to make a ton of iron was 2,165 lb.,

and the quantity of flux 531 lb. of limestone. During the campaign the

blast was maintained at an average temperature of 750° F. and the pressure

varied from 1|^ to 3 lb. per square inch, and the average make of actual work-

ing time was 17.27 tons per day. The cost of material, labor, management

and other expenses are not given with any of those records ; but this depends

so much on the locality of the furnace that it is of less consequence than

data of material and product. J

The cost of ore at the mine is little more than the labor cost of raising

it which will be greater or less according as it lies in the ground, the depth

from which it has to be taken and the effectiveness of the mining machinery '

used. The pig iron yield of the ore depends on its richness, but partly also

on the character of the fuel used, the working qualities of the furnace and

Charcoal Iron Workers' Journal, vol. vii, p. 208.

tSee Journal, vol. iv, pp. 189-197.

•.Some high estimates of cost of production, published by the Journal of the Chare Da^

Iron Workers, are omitted because they were given with the avowed object of influencing

tariff legislation.



341

the skill of the furnace men. A theoretically pure magnetic ore contains

72.413 per cent, of iron, and 3,093 lb. of this ore is required to make a gross

ton of })ig. Of 70 per cent, ore it requires 3,200 lb.; of 60 per cent, ore,

3,733 lb.; of 50 per cent, ore, 4,480 lb.; of 40 per cent, ore, 5,620 lb.; of 30

percent, ore, 7,467 1b.; and of 20 per cent, ore, 11,200 1b. The cost of

charcoal depends on the cost of wood and the method of producing it, and

ranges from five and six cents per bushel in Wisconsin and Michigan to ten

and twelve cents in New York and Connecticut. From numerous enquiries

made during visits to American forests Sir Lowthian Bell estimated the cost

of a ton of charcoal (112 bushels of 20 lb. each) to be as follows :

Items of cost.

Price paid for timber as it stands on ground

Cutting timber

Charcoal burners and loading

Total cost loaded into wagons at kilns

8. d.

8A

5 3h

18

£14

This is a fraction over five cents per bushel, but the price of transport varies

according to distance. " Sometimes it is a mere trifle, but 5s. or 6s. per

ton is a common charge for this item, and occasionally the carriage comes to

as much money as the cost of the charcoal itself."* The cost of the iron ore,

like that of the fuel, is added to by the freight ; so that every furnace must

pay for raw material according to circumstances. For charcoal furnaces in

Ontario the best location must be that which is nearest to the supplies of ore

and fuel.f

Mr. Rathbun of Deseronto stated to the Commission in his evidence

that if iron smelting works were established in that town he could supply

charcoal from kilns now in operation at six to eight cents per bushel, and he charcoal at

thinks iron could be smelted profitably with charcoal at eight cents per
'^•^^^°'*''"-

bushel. From a cord of wood he gets 50 bushels of charcoal, 4 coal oil

barrels of liquid and from 800 to 1,000 feet of gas.

The evidence of Mr. Bawden of Kingston relates the experience of a

company in which he was interested in the production of charcoal ; but it is
,. a, ,,«,.- .

Mr- Bawden'8
chiefly valuable for the information it gives on the employment of charcoal evidence and

or coke enriched by water gas as a fuel for the manufacture of pig iron and

steel, on the production of charcoal fuel from the waste material of saw mills

and the possibility of utilising the splendid water power of Frontenac and

Lanark in the iron smelting industry. Attention is also directed to Mr.

Bawden's very instructive paper in the Appendix, in which a great deal of

valuable information on the iron industry is presented.

paper.

*Principles of the Manufacture of Iron and Steel, p. 54.

t" The location of the blast furnace is originally determined by the relative positions, topo-
graphical and political, of the ores, the fuel and the fluxes used, and of the markets. Where
the materials used are found in contiguous localities, as often happens, the furnace is usually
iocated at a point as near as possible to that district. Where the materials are necessarily
transported considerable distances the cost may be reduced by location near the ore bed."

—

Thurston's Iron and Steel, p. 144, 4th ed.
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POSSIBILITIES OF PRODUCTION IN ONTAKIO.

The countries which lead in the production of charcoal iron are the

Production of United States and Sweden, and both are favored by having large supplier

theUnUed°"'° of wood for the manufacture of charcoal. In Sweden soft woods such as

Sweden"'^ pine are very largely used, together with the waste material of saw mills.

In the United States the locations of the industry have shifted with the

progress of settlement. Down to 1840 charcoal fuel was used almost exclu-

sively in the smelting of iron ores, but since then mineral coals have been

used extensively and the charcoal furnaces have receded to the backwoods.

At the present time about one-half of the charcoal iron of the United States

is produced in Michigan and Wisconsin, although the Salisbury district (em-

bracing portions of Connecticut, Massachusetts and New York) continues to

show no diminution. Iron smelting began in this district more than a cen-

tury and a half ago, the first forge having been erected at Lime Rock in 1734^

and the first blast furnace at Lakeville in 1762, and the fine quality of the

iron made from the brown hematite ores of that vicinity has maintained a

steady demand for it ever since. The average yearly production of charcoal

iron in the United States for the ten years 1878-87 was very nearly 500,000

net tons, ranging from 293,399 tons in 1878 to 697,906 tons in 1882. In

Sweden the average yearly production of the five years 1882-86 was 474,000

net tons, ranging from 439,637 tons in 1882 to 487,587 in 1886. Swedish

iron enjoys the reputation of being the best in the world, and large quantities

of it are imported into England every year in pigs, blooms and bars for the

manufacture of cutlery and other purposes in which a fine quality of iron is

requix'ed. But where good ore is used and intelligent methods are employed

American charcoal iron is little if at all inferior to the Swedish ; and although

the conversion of iron into steel by modern economic methods has enabled

manufacturers to use steel for many purposes in which charcoal iron was

formerly regarded as indispensable, there is no cause to fsar the displacement

of charcoal iron, or any reduction in the present demand for it, except in the

event of some discoveiy in the process of treating and improving the poorest

qualities of iron that would put the invention of Bessemer under eclipse.

In the present state of the industry, and with our present knowledge of the

metallurgy of iron, the outlook for charcoal iron is sufficiently encouraging

its production ?n ^ot only to justify makers in maintaining their present works but in the
Ontario. enlargement of their operations. The field in Ontario is unoccupied, and

here, if anywhere, a favorable opportunity is presented for enterprise in spite

of our record of failures. We have a home market of limited extent to

supply, and with sufficient capital and under skilful and prudent management

we should be able to find a foreign market also.

One of the estimates given of the cost of producing charcoal iron in

Ontario in the foregoing pages was prepared by Mr. Birkinbine, secretary

authority's o^ the United States Association of Charcoal Ii-on Workers and editor of
opinion.

their journal. In an article on the possibilities of manufacturing charcoal

iron in Canada, published in 1883,* Mr. Birkinbine states that he made sev-

eral visits to our country to study the position she occupies and the rank

* Journal, vol. IV, pp. 337-47.
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which she should take as an iron-producing country, travelling for more than

a hundred miles through a section drained by the Ottawa river. " In the

midst of some of the finest forests of the district lately visited," he says, " are

outcrops of magnetic and specular iron ore, some of them of most encouraging

character, and a number of lakes and streams offer favorable locations for the

establishment of iron-producing industries. In this section also a number

of mines are operated, producing a considerable quantity of ore of excellent

quality, not one pound of which, so far as we could learn, is smelted in

Canada. What ore is mined goes to the United States, being carried to lake Ontariooreex-° ) o
ported to the

ports by rail, thence transferred by boats to points in the state of iS'ew York, United state*

and from these shipped several hundred miles to blast furnaces to be smelted

into pig iron, after paying a duty of seventy-five cents per ton. "We very

much doubt if a ton of the ore taken from the vicinity mentioned reaches a

United States port on which the charges for railroad and water transporta-

tion and duty are less than from $1.75 to $2, independent of cost of mining

the ore. When it is remembered that most of the ore exported is of a superior

quality, (and it must be to bear the transportation and duty charges), that a

considerable portion of it comes from a densely-timbered section, where land

yielding fifty to seventy cords per acre can be purchased for two or three governm^^

dollars per acre, that the Dominion government to encourage iron manu- ''°°""-

facture will for three years from July 1, 1883, pay a bonus of $1.50 for each

ton of pig iron produced in Canada from Canadian ores and for the next

three years $1 per ton, it seems strange that practically Canada is a non-pro-

ducer of iron. We feel justified in making the assertion that we can locate

furnace sites where charcoal iron can be made practically a permanent indus-

try, where ore for a ton of iron would not cost more than from $4 to $5,

where cordwood could for many years be laid down at the works at from

$1.25 to $1.50 per cord, and where the distance to lake ports or other dis-
'^

.
A positire opiii'

tributing points would be no greater than ore is now carried to be shipped ion on profitable

1 TT • 1 o, XI •
production.

to the United States. In short we are certain that superior charcoal pig iron

can be made in Canada and delivered in its principal cities at a profit for the

game price that ordinary English coke iron is now sold there." The same

authority writing again in 1889* appears to think that, although the abun-

dance of timber promises a supply of charcoal for an industry of considerable

dimensions, and that there is ,a large field for the manufacture of iron with iron smeitiy

charcoal, the bulk of the iron in this country will most probably be smelted fuel,

with mineral fuel. He accordingly favors the location of blast furnace works

at Ottawa, as a convenient centre for the delivery of ores from mines in On-

tario and Quebec and also for supplies of coke or anthracite coal from Penn-

ylvania. He expresses the opinion that under favorable railroad rates the

cost at Ottawa of coke furnished in large quantities from the Connellsville

district should be practically the cost at Chicago plus the duty of GO cents

per ton ; but if coke made from coal in some of the northern counties of Pennsyl-

vania were used " there would be a difference in distance of about 100 miles in

favor of Ottawa as compared with Chicago to offset the duty." This assumes

* Journal, vol. viii, pp. 290-8.
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that the same railway rates could be obtained from Pennsylvania to Ottawa as

£rora Pennsylvania to Chicago, which is not at all likely owing to the re-

striction upon trade between Canada and the United States and the conse-

quent difficulty of obtaining return cargoes. But assuming the rate to

Ottawa to be twenty-five cents per ton higher than to Chicago, he estimates

M estimate of the cost of coke delivered at Ottawa with duty paid at $5.10 per .ton, and
ifost of produc- i-iii mi p 1 • i>

9oa. anthracite coal would cost about the same. The cost of roasted iron ore of

60 per cent, richness he estimates at $2.55 per ton delivered, and the flux

necessary to smelt a ton of iron at fifty cents. With these data Mr. Birkin-

bine makes the following estimate for the cost of a gross ton of pig iron :

Items of cost.
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reduce the chances of a permanent supply for this purpose. There seems to

be more encouragement to convert the sawmill refuse and sawdust into gaseous

fuel, as in Sweden, and use it for manufacturing iron and other metallurgical

purposes. Gas producers for this purpose would have to be equipped with

condensers, for the refuse material supplied to the producers would carry 40

per cent, or more of water. If pig iron is produced in the vicinity of Ottawa

there would seem to be good encouragement for investigating the economical

employment of this waste material, and also the possible utilisation of some

of the water-power available in the vicinity. As noted before, the production

of charcoal pig iron apparently offers greater advantages at some of the locali-

ties where the ores and hardwood timber are contiguous. The charcoal required

for smelting a ton of pig iron would probably cost from $7 to S8 at Ottawa,

from $1 to $2 in excess of the cost at the other points indicated. As this

charcoal iron would be used for special purposes, it would command a corres-

pondingly high price in the market." Assuming the furnaces to be erected in

one of the well-timbered districts in the vicinity of the iron mines, the cost of

producing charcoal iron, according to this latest estimate of Mr. Birkiubine,

would be $13.50 to $14.50 per gross ton, and it has been shown that the cost

of imported charcoal pig to consumers ranges from $26 to $38 per ton. ,j.,,g ^g^jj^^g oj g^.

Apparently, then, the possibilities of producing charcoal iron in Ontario are t'™**^ P"""

sufficiently encouraging, and with a profit of 100 per cent, upon sales made at

the lowest price of imported American charcoal iron the industry should be a

fairly remunerative one.

TREATMENT OF MAGNETIC ORES.

In his remarks upon ores in the vicinity ol Ottawa Mr. Birkinbine

observes that those nearest the city are generally sulphurous,* but that this
. ,

j.

should not necessarily condemn them in view of the facts that over one magnetic ores,

million tons of sulphurous magnetites are annually smelted in the United

States and that some of the American furnaces which have been mobt succes-

ful financially have used entirely or largely such ores. Bla,st furnace practice,

he states, has shown that it is difficult to produce good foundry grades of pig

iron with dense magnetites, especially if they carry considerable sulphur,

*' But modern plants, improved methods and chemical research have done

much to remove these troubles, and it is not prophecy to state that with a

well equipped and properly managed plant, using thoroughly roasted mag-

netites instead of ore partially calcined, satisfactory work in this particular

oan be obtained."! There are few difficulties in nature which the ingenuity

of man cannot surmount, and science has already won many triumphs in the

treatment of unclean ores. Only a few years ago the practice was to roast Unsuccessful

, . „ roasting.

sulphurous ores in lumps of any size as taken from the mine, and some of

our dense Ontario magnetites were condemned at Ohio and Pennsylvania fur-

naces because it was found that the roasting which was sufficient with le.ss

compact ores was in their case only superficial, showing effect only to the

depth of half an inch or an inch according to the heat used and the time An improved

taken in roasting. Now the practice is to break up hard ore to a unif.»rm

I

•This applies more particularly to the mines on the Quebec side of the Ottawa river,

tJournal, vol. viii, p. 294.
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size by running it through a crusher, such as the BJake or the Gates. The
New Jersey and lake Superior magnetic ores are treated in this way, and

with improved roasting furnaces the process is found to be very satisfactory.

But there are various other methods employed in preparing ores for the smelt-

ing furnace, one of which is worthy of special mention because of the success

claimed for it in cleaning magnetic ores.*

One of the first, if not the first, to suggest the application of magnetic
Themagneti* '.

. .

treatment. treatment to magnetic ores containing sulphur, titanium or phosphorus was-

Dr. Sterry Hunt. In his report on Iron and Iron Ores in 18691 he refers to

a massive granular titaniferous ore at St. Francois, on the Chaudiere river,.

Quebec, which consists of a mixture of about two-thirds magnetic oxide of

iron, and one-third of a titanic iron holding not less than 48 per cent, of titai'ic

^''^"f .?""** acid. The two, he stated, were readily separated by a magnet, " and it is prob-
use ot the mag- ' ' j i j o j r
net with hand q,\)\q that by a magnetic separating machine it will be possible to make use
specimens of im j a r o i

pure magnetic of this and of similar ores for the preparation of iron in the direct way, to

which the purified magnetic oxide is well adapted." In the case of a mag-

netic ore found on an island in Mud lake, in the township of South Crosby,

which contained nearly 10 per cent, of titanic acid and li per cent, of

sulphur, he found that " when the pulverised ore is treated with a magnet it

is partially purified, the non-magnetic portion retaining the sulphur and a

large part of the titanium. The magnetic portion equalled 74.2 per cent.,

and contained 54.76 per cent, of metallic iron and 5.70 of titanic acid."|

Dr. Hunt also mentions a great mass of iron ore found on Rapid river,,

which empties into the bay of Seven Islands, containing nearly 34|^ per cent,

titanic acid. " When pulverised and treated by a magnet it was separated

into two portions, one strongly magnetic, equal to 57 per cent. The remainder

gave by analysis 51.14 of titanic acid and 39.75 of peroxide of iron,

besides 8.30 of insoluble residue. The magnetic portion, contrary to what

might have been expected from the readiness with which it was attracted by

the magnet, contained not less than 24.80 per cent, of titanic acid. It was

nearly free from silicious impurities, and almost wholly soluble in hydrochloric

acid."§ In many magnetic ores the sulphur, phosphorus, etc., are for the most

part physically united with the iron, and in such cases separation with a

magnet after crushing takes place readily ; but where the substances are

chemically united separation by the magnetic process cannot be looked for.

Whether Dr. Hunt was the first to employ the magnet upon hand speci-

importantinven- mens of ore in the way here indicated or not, it is certain that the experi-

ment contained the germ of a veiy important invention.

The first magnetic iron ore separator of which the writer has found an
Buchanan's ,. . e rn r^ -n t p-r-11 -VT T
magnetic sepa- account was the invention oi U. O. Buchanan or Bockaway, JSfew Jersey,

and was used to treat black magnetic sand containing a large percentage

of titanic acid. In a paper read before the U. S. Association of Charcoal

*The washing process, which is used in reducing the earthy matter of hematite and
specular ores, is an old but serviceable invention, and where there is a good supply of water
it is worked at very small cost. At the Old Hill mine in the Salisbury district, Connecticut,
machinery for crushing, washing and screening the ore reduces the material as hoisted from
the mine to 25 per cent, of its bulk, that is to say, of 100 parts raised 75 are washed away,
being earthy matter of no value.

+ Geological Survey report, 1866-9, p. 253. ip. 258. §p. 260.

I

The germ of an
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Iron Workers in 1881 Mr. Hoagland, the manufacturer of this machine,

stated that it separates the magnetic sand so thoroughly thai none of the

titanium is found in the portion which passes over the magnet ;
" in fact

where properly managed the product of the machine will yield by analysis 71

and 72 per cent, metallic iron." The results of the separation were so satis-

factory, Mr. Hoagland went on to say, that parties who have other ores than

black sand have used machinery invented by Mr. Buchanan to pulverise and

separate them, preferring the magnetic p'rocess because the fine ore which is

washed away by the jigging process is all saved, the magnet leaving less than

two percent, of ore in the tailings.* The machine is composed of two iron

cylinders parallel to each other and supported at each end by a pair of horse-

shoe shaped iron standards, with journals in which the axes of the cylinders

play when the machine is in motion. The standards are insulated and are

closely wound with heavy insulated copper wire, so that when charged they

become powerful electro-magnets, with positive and negative poles. The

cylinders become magnetised by induction, and in this way a magnetic field

is formed between them, capable while the machine is in operation of holding

a weight of 500 or 600 lb., but non-magnetic on the opposite sides. The

whole is set in a strong wooden frame, the standards being firmly bolted to

cross timbers at the base, while a pair of hoppers over the cylinders hold the

pulverised ore which is to be treated. The operation of the machine is
t' , f h

described as follows : The cylinders are rotated towards each other at a speed maciiine.

of from 60 to 75 per minute, and the hoppers are opened by regulated slides

so that the ore falls upon them. Being carried between the cylinders into

the magnetic field, all that is magnetic is attracted and attached to the faces

of the cylinders and is carried round to a point where they lose their magnetic

efiect, when it drops into shoots. The earthy and all other non-magnetic

components of the pulverised ore are acted upon by gravity alone, and falling

undisturbed through the magnetic field a nearly perfect separation is effected.

The separators are built in three different sizes, ranging in capacity from 20

to 100 tons per day.t

The Conkling magnetic concentrating machine has been used to treat

magnetic iron ore containing phosphorus, and its construction is thus described : magnetic con

The pulverised ore is discharged from a hopper to a feed-belt which delivers

it into a narrow shoot, from which it drops upon a horizontal india-rubber

belt running at right angles to it at a speed of 1,000 feet a minute. Above

the lower surface of this belt are placed vertically two electro-magnets. These

cause the magnetic particles of the ore to adhere to the belt which carries

them away laterally, the tailings remaining on the feed-belt and discharging

into a shoot. The concentrates fall upon a second feed-belt, pass under a

second magnetic field, and finally under a third. J Ore dressing experiments

with this machine are given as follows : The crude ore from Lehigh mountain

contained 39 per cent, of iron and ;038 per cent, of phosphorus, whilst the m^entl'"'^^""

ooncentrates contained 66.24 per cent, of iron and .005 per cent, of phos-

* The Charcoal Workers' Journal, vol. n, p. 322-3. t Journal, vol. in, p. 4C0.

JJournal of the Iron and Steel Institute, No. 2, 1888, p. 189.
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Edison's mag-
netic iron ore
purifier

Operating in
coniiiiercial

quantities.

phorus. Mount Hope ore containing in its crude state 58 per cent, of iron

and .1 per cent, of phosphorus yielded concentrates with 70.47 of iron, .023

phosphorus and 1.27 silica.

A magnetic iron ore purifier invented by Thomas A. Edison and set up

in his laboratory at Orange, New Jersey, was seen in opei ation by the writer

in June, 1889. It consists of a series of crushers which reduce the ore to a

20-mesh, and a powerful magnet which separates the pulverised ore into its

magnetic and non-magnetic parts. The ore is broken and pulverised in a

series of crushers and rollers and sifted through an oblique screen, whence it

is cai-ried by elevators to a V-shaped hopper over the magnet. This hopper

is about six feet long with a bottom of two iron plates, one of which is nicely

adjusted to open and close by a screw. When in operation a regulated

stream of the ground ore descends from the hopper in front of the magnet—

a

massive bar of soft iron charged from a dynamo—by which the iron is deflected

and separated from the non-magnetic portion of the ore. A thin movable

partition of sheet iron set in a light wooden frame is placed on the floor, in a

position to divide the concentrates from the tailings. The bar is magnetised

to any required power, and the simple process of drawing the magnetic par-

ticles of iron out of the vertical separates it from all free non-magnetic im-

purities, such as silica, sulphur, phosphorus and titanium. It does not seem

likely that where these are chemically united with the iron they can be

separated from it ; but they exist to a greater or less extent free, and whei e

this is the case and the ore is finely pulverised they separate readily. INIr.

Edison has had analyses made which show that the proportional quantities

of titanium, phosphorus, etc., have been largely reduced. Besides, the pro-

cess gives an ore of much greater richness, for while in the native state it may
only be 50 per cent, it can be increased by eliminating the impurities to 60,

65 and even 70 per cent. This has been proven by expeiiments carried on

upon a large scale with ores in New Jersey and Pennsylvania, the concen-

trates of which are sold to local furnaces. Mr. Edison and others with him

have bought mining properties in Pennsylvania the ores of which contain

only 30 per cent, iron, with large jiroportions of lime and apatite in the

gangue, and they have a mill in operation with a capacity of 250 tons per

day which increases the iron in the concentrates to 50 per cent, and very

considerably lowers the percentage of phosphorus. When asked if he did

not fear that the finely pulverised ore would be difficult to smelt by reason

of its smothering the stack, Mr. Edison said he thought it would not as in

Sweden they had smelted pulverised ore successfully ; he thought the coal

and flux would keep it sufficiently open for draft.* Mr. Edison believes also

*Phillips in lii.s Metallurgy of Iron s-ays that; on account of their fine .=tate iron sands
have not been successfully employed for the production of cast iron, but at the Rloisic wcirks

they are directly converted into wrought iron in a bloomary furnace with satisfactory results.

The Journal of the Iron and Steel Institute, (No. 2, 18S8, p. 181)), records that in concentrat-
ing the poorer quartzose ores of Norberg, in Sweden, the practice at first was to manufacture
the crushed ore into briquet^s with the aid of lime ; but as it was found that these disinteg-

rated during the transport fi':»m the mine to the works the plan was tried of mixiiig the
pulverised ore with lime and adding a small portion of red hematite to the charge, in the
proportion of 6.7 cwt. powdered ore, 2.3 cwt. red hematit*^ and 0.7 cwt. lime. '"Ihe size of

the powdered ore varies, half being in the form of dust and half in pea-sized fragments. The
furnaces work excellently, and the pressure of the blast had to be raised only very slight)y_

It is thus evident that the moulding into briquettes is unnecessary. At the same tinie th^

J
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that by using a high stack sufficient heat will reach the ore within five

minutes of putting in the charge to drive otF any remaining portion of

sulphur contained in the ore. With experience gained in. the laboratory and

in a commercial way at the mills now in operation, Mr. Edison feels war-

ranted in makins: the following claims for his machine: (1) That it will claims made foF
" '=' ^ ^

_
the Edison

crush and separate the ore at a loss or waste of only 1^ or 2 units of iron, machine.

(2) That with ore containing 40 per cent, of metallic iron as mined it will

produce concentrates averaging 65 per cent. (3) That it will treat at a prof-

itable rate ore containing as low as 20 per cent, of iron, without throwing

any portion of it in the waste heap or sorting it into second class piles.

(4) That by grinding all ore raised from the mine down to 20 units, the cost

of mining may be reduced 40 or 50 per cent, and 30 per cent, of the ore as

mined may be saved—the usual practice being to throw all ore carrying less

than 40 per cent, of iron into the waste heap. (5) That it will reduce the

phosphorus in magnetic ores by 75 to 80 per cent. (6) That a machine of 1,000

tons daily capacity will mill and refine ore up to 65 per cent, iron at a cost of

seventy cents per crude ton. (7) That Canadian magnetic ore carrying an

average of 50 per cent, metallic iron can be concentrated to 68 per cent, and

delivered in Cleveland duty paid against 65 per cent, ore from lake Superior.

At the iron mines of Witherbees, Sherman & Co. near Port Henry, on

the New York side of lake Champlainv two magnetic sepirators were tried in

the spring and summer of 1889. The Ball, Norton & Porter separator, made to^a*^* Porter''

at West Troy, was in use for three weeks in March, after wliich it was taken ^tf
"®'"' ^^''*'

to a mine at Little River in the Adirondacks and was worked there during

the summer. It consists of two leather belts, 13 inches wide and running on

rollers three feet apart, one close above the other and lapping about half its

length. A stationary magnet composed of ten bars of iron, alternately positive

and negative, is placed within the upper belt so as to overlap the lower one. The

ore is crushed to a size varying from one-quarter of an inch to a 16-mesh, and

is fed through a hopper upon the lower belt, which in motion revolves at a

speed of 300 feet per minute. The upper belt, within which is the magnet,

revolves in the contrary direction at a speed of 150 feet per minute.

"When the machine is in operation the ore is carried forward on

the lower belt until it comes within the influence of the magnet.

Then the particles of iron are drawn to the upper belt and are

borne along as far as the power of the magnet extends, to drop through a

shoot into the pile of concentrates. All the non-magnetic particles are carried

by the lower belt past the roller and are drawn ofi" into another shoot by a

fan placed at its mouth for that purpose. The capacity of this machine is

about five tons per hour. The second machine, which the writer saw in

operation in the latter part of June, 1889, is a Swedish invention, known as The Wenstrom
. ... mag-netic sep»-

the Wenstrom. The right to use it in the United States was acquired during '"''to''-

the previous winter by Robert A. Cook of New Brunswick, N. J., and several

use of the powdered ore induces a considerable saving of coal, whilst the percentagre of iron
has increased. The latter amounts to 65. The cost of the concentration, from 40 up to 60
per cent, of iron, does not exceed '2s. 6d. of powdered ore." The concentrates produced by
Edison's mill in Pennsylvania are ground to 10-mesh, and are mixed with regular large ore
in the proportion of one part to four.

I
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machines were imported. The essential part is a cylinder whose rim is made

up of alternate bars of soft Swedish iron and wood revolving upon a fixed axis

and magnetised by a strong electro-magnet in the interior, held in eccentric

place by the axis. When in motion the iron bars of the cylinder become a

successive series of positive and negative magnets as they approach the side

on which the magnet is fixed, and change to the non-magnetic state with

equal regularity as they revolve to the opposite side. Any ordinary breaker

like the Cornish rolls may be used to crush the ore, which is fed through a

hopper and falls upon a polished brass slide the lower edge of which

approaches within three-eighths of an inch of the cylinder. There the iron is

drawn to the magnetised bars of the cylinder, to be carried around and dropt off

at that point in the circumference where the bars become demagnetised, while
Wbat the Wen- ^

.

& '

Strom machine the gangue material falls from the brass plate unaffected by the magnet to be
can and cannot

. i «. i i c -i- -m- /-< i i • i • -n
do. carried oii to the dump of tailings. Mr. Cook claims that the machine will

separate all magnetic substances from non-magnetic when they are

crushed so as to be broken free from each other. " If sulphur, phosphorus,

or titanium are non-magnetic they will go with the waste, but both the

sulphur and titanium may be there in the form of a magnetic mineral, and in

that case they would stay with the iron." It was also noticed that where

the ore was not broken very fine, grains of apatite to which particles of iron

adhered were attracted by the magnet and added to the pile of concentrates.

Thorough pulverising seems to be necessary in treating the Port Henry

ores by this process. The machine has a capacity of six tons per hour, and

the New York selling price is $1,800. The following analyses of results from

both machines, each working on crude ores containing 41.06 per cent, iron

and .25 per cent, phosphorus has been furnished by Mr. F. S. Witherbee, of

Witherbees, Sherman & Co.

:

Thorough
pulverising
necessary.

Comparative
esults I

Material.
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«' I believe the only way magnetic separation can te tested," he writes, "is to

work out the problem for each individual mine, and that takes time and

money. !Not having had an opportunity to work the machines for any length

of time we hesitate to advise which is best, for we do not know ourselves.

But we have made up our minds to one thing, and that Is that you cannot conditions of

• 1 1
economic sepa-

atford to separate any ores running below say 4o or 50 per cent, and pay the ration,

cost of mining unless you have to mine them in order to reach ores running

above 60 per cent." In this opinion, it will be observed, Mr, Witherbee

difFeis from Mr. Edison, who has had the experience of a mill running several

months upon the low grade ore of a Pennsylvania mine. As regards the

smelting properties of pulverised ore, it is the testimony of Port Henry fur-

nace men that iron ground to the fineness of sand and mixed in the charge

with coarser ore in equal parts does not affect the furnace, but smelts freely.

The electrical treatment of iron ores is of so recent origin, and the means

of applying it are already so varied, that many improvements in mechanism Possibilities of

may be looked for with conedence.'"^ The results obtained from several of ment"'^

the machines appear to have demonstrated to practical iron men that in the

application of the principle of magnetic separation a most valuable gain has

been made to our knowledge of the metallurgy of iron. To be able to save

the iron in lean and clean ores, which usually are thrown into the waste heap,

is itself a great attainment in the economy of iron production, for in all mines

much lean ore is raised. But if, in addition, the smelting properties of rich

ores containing a low percentage of impurities may be improved, and if ores

valueless in the state of nature by reason of the high percentage of their

impurities may be made valuable by the process of magnetic separation, the

utility of the method can hardly be over-estimated,

ECONOMIC TRANSPORTATION.
The iron industry as now carried on in most countries demands the

employment of every possible means for cheapening the cost of production.

To move the ore from the mine to the furnace or the nearest point of shipment Use of wir«-ropc

is often expensive, especially in a rugged and broken country, or in the back- moylng^oM!"^

woods, where good roads cannot be built, or if built cannot be kept through

all seasons in a proper state for the traffic over them ; while the cost of con-

structing a railway can only be afforded by mines of large production. As a

means of transportation for short distances wire-rope tramways have been in

use for some time, but until recently in America these have consisted of a

single, moving, endless rope, from which the loads are suspended. These

lines, while very efficient for certain purposes, are not available for general singie-rope'ines.

use as a means of transportation, as in no case does their carrying capacity

exceed 300 lb., and in practice it is much less. At Oapelton, Quebec, one

has been put up by Cooper, Hewitt & Co, of New York, and although

designed to carry 300 lb. this burden was found to strain the rope too much
and had to be reduced. The single-rope line has been almost entirely sup- 'h* Bieichert

planted in Europe by the Bieichert double-rope system,! which has already syftem'"^''

*It is understood that Mr. Edison has constructed a new machine which is in several
respects a very marked improvement upon the first one.

tit is constructed under what is known as the Bieichert patent, and consists of a
stationary rope to support the load and a moving one to carry it.
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Advantages
which it

presents.

Cost of operat-
ing the
tramway.

establi.'-hed itself as a means of transportation hardly yet dreamt of on ihis

side of the Atlantic. Railroad companies have adopted the lines of this

system as regular feeders to their main roads, and laws have been enacted

regulating their construction and traffic the same as for ordinary railroads.

Among.st the advantages which the Bleichert system presents over any

of the single line systems are the following : (1) While the loads carried

by single lines are seldom over 100 lb. the Bleichert lines are adaptable to

individual loads up to 2,000 lb. (2) In the single-rope systems, where the

moving rope carries the load, there is great danger in rapid movement that

the rope mny jump out of the carrying sheaves, which are made very shallow

so as to permit passage of the saddle over them. In the Bleichert system the

stationary rope has no tendency to get out of place, and there is no diffi-

culty in moving the cars over it at a speed of four or five miles per liuur.

(3) With single-rope tramways a grade of 1 in 4 is about the limit, as on

steeper grades the load is liable to slip on the rope, unless a clip is used which

fastens the bucket ; but in the latter case the buckets must be loaded and

unloaded while in motion, since they cannot be stopped without stopping the

whole line. In the Bleichert system any grade up to 1 in 1 is overcome, and

when the car reaches either terminus or any switch on the line it can be-

automatically disconnected and run off to any point required for loading and

discharging. The cars may be run down into a mine, loaded at the face of

the working and delivered to any point on the line without handling of th*^

material. (4) The carrying-rope, being stationary, can be locally graduated

to the strain it bears ; but of course the one for empty cars does not require

to be as strong as the rope for loaded ones. So, also, where short spans

occur it is not necessary that the rope should be as strong as the sections

suspending long spans ; it is sufficient to strengthen only the portions exposed

to extra strain. In this way great economy in the total weight of the ropes

is effected, whereas in the case of the single-line system the rope must be of

uniform weight and strength throughout. The ordinary spans used in the

construction of the Bleichert tramways are 150 to 200 feet, but they may be

much longer, spanning valleys and rivers 1,000 to 1,500 feet across. The

Weilburg tramway in Germany, which has a total length of seven miles and

a daily carrying capacity of 250 tons iron oi'e, crosses the Weimbach river

with a span of 1,000 feet in the clear. The cost of operating depends on the

quantity carried. A line at Lintorf, Germany, two-thirds of a mile in length,

carries GO tons per day at a cost of 4^ cents per ton, counting labor, interest

on capital, wear and tear, etc., and by increasing the capacity to 100 tons the

cost is reduced to a little over 3| cents per ton. These figures, the manager

of the Lintorf mines and smelting works says, are inclusive not only of actual

transportation, but of the delivery of the coal and ore exactly at the spots

where they are to be used, so that no further handling is required. A line

constructed at the mines of the Bi-Metallic Mining company in Montana,

and put into operation on May 8, 1889, was reported upon by the superin-

tendent of the works under date of August 12 as follows :
" Since starting

we have transported about 85 tons of ore per day from the mine at Granite to

the mill at Clai-k, a distance 9,750 feet, and have also carried up to the mine
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the greater portion of the supplies used there, running tramway about six Li^g, ;„ tj,,

hours per day, at an average cost of 22 cents per ton. By running tramway United 8tu»*

for twelve hours per day to its full capacity we could carry 240 tons with

practically the same force as is now employed, thus reducing the average cost

to from 10 to 12 cents per ton. When the line is carrying its load it develops

sufficient power to run a 9 by 15 Blake crusher, and crushes all the ore

raised at the mine."* A line constructed for the Granite Mountain Mining

company at Eumsey, Montana, for the transport of the silver ore has a length

of 8,750 feet and a carrying capacity of 300 tons daily. It has one span of

600 feet and in one section of 1,800 feet it has a fall of 800 feet, being a

grade of nearly 1 in 2. One erected at the gold mine of the Nowell company

at Juneau, Alaska, has a length of 11,600 feet, with difference in level between

terminals of 2,135 feet and a daily carrying capacity of 200 tons. But the

longest line in operation in America is one constructed for the Split Eock

Cable Co. of Syracuse, N. Y., the length of which is 16,500 feet and the

daily capacity 750 tons. It was built for the transportation of lime rock,

and at the discharge terminal the loaded cars are run upon a suspended rail

over a series of kilns, into any one of which by an arrangement of switches

they may be unloaded without delay and immediately started upon the return

trip. Quarry cable hoists are also constructed on the same plan, one of which

is in operation at Rockland, Maine ; it has a span of 865 feet, and the carry-

ing capacity is 6 tons per load. There seems to be no doubt that the adoption

of this system of transportation would greatly simplify and cheapen the cost of

mining operations in Ontario, especially in such districts as northern Hastings,

Haliburton and Sudbury, where high rocky ridges and intervening valleys are

a feature of the country. /

KOLLING MILLS, STEEL WORKS AND MANUFACTURES.
A beginning has been made in Ontario in the manufacture of rolled iron,

but the most that can be said of the industry here is that it is still in its
j^^ industr* te

infancy. It is perhaps too much to expect rolling mills to flourish until we its infancy,

have succeeded with the production of pig iron, and the same remark applies

to steel works. The industry however is of first class importance, and if

established and conducted under skilful direction and by the most approved

systems, using pig iron produced from our own ores, it should give a profit-

able employment to labor and safe investment to capital. But the plants ^^ j^^ ^^^^^^^

required for rolling mills and steel works are expensive, the best modern pethods and

methods reciuire to be adopted, and careful, intelligent management is a manaicemeot
r > » t? » a necessity.

necessity. The cost of producing rolled iron and steel has been greatly less-

ened within the past ten years by the substitution of mechanical for hand

labor, just as the cost of converting iron into steel has been lessened by the

invention of Bessemer. At the present time new processes are being tested

in the United States, and the hope is entertained that steel may be made Kew proiewn

direct from the ore at little more than the cost of pig iron. These processes

are being watched with great interest, and to no people should they possess

more value than to those who in a country like Canada may have the erection

•Letter to Cooper, Hewitt & Co., who hold the American ageacy for the Bleichert wire
tramway system. Their works are at Trenton, N. J.

23 (m. c.)
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of steel works in contemplation. It is not by the adoption of ancient and

effete methods that an industry can be established in the face of present day

competition, but by the employment of the latest, most perfect and most

economical means, having regard for the qualities of the iron to be treated

and the market to be supplied.* .--

A word may here be said of manufactures of iron and steel goods, and

Relative prices especially of their value to a country in the employment which they give to
of raw mat erial i-itiii x t j? /• i-
and maimfact- SKilJed iabor, in some Imes 01 manuiactures, such as cast metal pipes and

railway chairs, the >sliare of labor in the finished article is relatively small
;

but even in pipes the price of the pig iron is doubled. Stove grates and kitchen

ranges are worth from three to five times the price of the iron, while a loco-

motive and its tender are worth about nine times and vessel machinery about

ten times that of the raw material used in their construction. Common
needles, such as Britain exports to China, made from Bessemer steel wire

which costs the manufacturer £60 per ton, sell for £260 per ton, while the

needles for home use sell at £5,600 per ton. The wire used in the manufac-

ture of the finest fish-hooks costs £336 per ton, and the hooks themselves sell

for £14,000 to £15,000 per ton. The main springs of watches sell for about

£6,000 per ton, while the retail value of hair-springs is about £400,000 per

ton, or three times the price of gold.f

SERVICE OF INVENTION TO THE METALLURGY OF IRON.
Any report on the iron industry would be very imperfect which did not

attempt to show how much it owes to invention. It could have had no

existence without the raw materials of ore and fuel ; it could have had no

The industry beginning without labor ; it could have made no progress without the support
built up by skill - . , ..... . .

and invention, of capital ; but without the aid of invention the industry would be still in

puling infancy. In every step and stage of the business, from raising the

ore out of the earth to the finishing touch u()ori the manufactured metal, the

ingenuity of man is found overcoming the forces of nature, lightening labor,

cheapening production, improving the qualities of the material itself, finding

out new uses for it in the arts and adapting it in a thousand ways to the

wants of an advancing civilisation. Mining of any kind would have been

difficult and costly, and deep mining would have been all but impossible, but

for the service of the air compressors, the drills, the explosives and the hoist-

ing apparatus now employed at every well-equipped mine ; while means of

cheap and rapid transit of ores and methods of treating them in preparation

for the smelting furnace have made properties workable and valuable which

otherwise might have remained unused and idle to the end of time. It would

be unfair to those who were engaged in the manufacture of iron during even

the first half of the present century, an eminent authority on the subject has

recently said, to deny the services which they succeeded in rendering to their

art without much thought being given to those laws of nature upon which

*The Henderson process is described in the Appendix as tested at Birmingham,
Alabama. Another process of direct conversion is soon to be tested upon magnetic ore from
the Bristol mine, near Ottawa, at Findlay, Ohio, where extensive works have been erected
under the management of a gentleman trained for twenty years under Sir William Siemens.
The fuel to be used at the Findlay works is natural gas, which is found there in great
abundance.

t See Sir Lowthian Bell in the Reign of Queen Victoria, vol. ii, pp. 234-5.
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their processes depended ; but, on the other hand, it is not to be denied that

since the iron masters have allied themselves with the chemist "they have

made more progress in thirty years than their predecessors did in three cen-

turies."* In what ways, then, has the prosperity of the industry been served

by skill and invention ? and is any other agency or policy likely to be of

equal or greater utility 1

Nearly a hundred years ago Mungo Park found a smelting furnace or

forge in the interior of Africa built of clay, about ten feet high and three

feet in diameter, in which iron ore was smelted with charcoal fuel. The charge

was built up with alternate layers of ore and coal, fire was applied through Primitive iron-rir^ making as wit-
openings at the base of the stack and blown with bellows made of coats' skins nessed by Mungo

1 i 1 1 c 1 1 •
' Park and Cap-

and at the end or three days it was allowed to cool off. Part of the furnace t^io Grant in

was then taken down, when the iron was found in the form of a large irregu-

lar mass, with pieces of charcoal adhering to it. " It was sonorous," Park
says in his account, '• and when any portion was broken off the fracture exhib.

ited a granulated appearance like broken steel. The owner informed me
that many parts of this cake were useless, but still there was good iron

enough to pay him for his trouble. "t A quarter of a century ago Captain
Grant published a journal of his walk across Africa from the south-east coast

to the head waters of the Nile, and he too describes a forge which if possible

was more primitive than the one described by Mungo Park. It was found
in the territory of the Walinga, who are spoken of by way of distinction as

workers in iron. " Their furnaces are in the heart of the forest ; charcoal and
lumps of iron cinder (like a coarse sponge and of a ' blue-bottle ' color) usually

mark the spot, and four lads squatting under a grass roof, with a double-

handled bellows each, blow at a live mass of charcoal which has the nodules

oi. metal intermixed with it. In this calcining nothing else seems to be used

and the metal melts, decending into a recess much in the same way as I have
seen at the Cumberland lead works."| The natives of Africa have made no
progress in the metalluigy of iron from the first discovery of the process of

reducing the ore to metal
; but the means they employ is the principle of the

_^
' '' ^ r The Catalaa

Oatalan forge, used in Europe and America down to the present time in the ^^^s^.

production of blooms or malleable iron, and consisting essentially of a fur-

nace, a blowing machine and a heavy hammer.§ It is the direct process and

* Sir Lowthian Bell at the British Association's meeting, 1889.

fThe Life and Travels of Mungo Park, p. 230-1, Nimmo's ed. " This iron, or rather
stee], is formed into various instruments by being repeatedly heated in a forge, the heat of
which is urged by a pair of double bellows of a very simple construction, being made of two
goat's skins, the tubes of which unite before they enter the forge and supply a constant and
very regular blast. The hammer, forceps and anvil are all very simple, and the workmanship
(particularly in the formation of knives and spears) is not destitute of merit. Tlie iron
iiideed is hard and brittle and requires much labor before it can be made to answer the pur-
pose."—p. 231.

iCaptain James A. Grant's Walk across Africa, p. 130. (Blackwood, 1864.)

§ Dr. Percy in his valuable work on the Metallurgy of Iron and Steel says: "The
Hindoos appear to have carried on the direct process from time immemorial, as we may cer-
tainly infer from the large accumulations of clay which occur in various localities in India •

and as it is scarcely possible to imagine anything more rude than their appliances, or anything
more diminutive than their scale of operation, it would seem that they have not made anv
substantial progress in their art, at least in many districts. Their furnaces are frequentlv
not larger than a chimney-pot, and hours of incessant toil are required to produce a few
pounds weight of iron ; and yet the price at which they sell the metal is surprisingly low "

<p. 2.54). The fnrn'ice is built and the blast is produced much the same in India .as in Africa*
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it was the only one known generally to Europeans down to three centuries

ago.* When or in what manner the indirect process was discovered no one
TTiemannfactnre knows definitely, but it was the beginning of the age of improvement in iron

production. In the German Stuckofen with a stack of 10 to 16 feet high,

and the Blauofen with a stack sometimes 25 feet high (which constituted the

difference between these furnaces and the Catalan), cast metal would no doubt

be occasionally formed when the proportion of fuel to the burden of ore and

flux in the charge was increased. On the other hand an increase in the

burden would produce the pasty mass like that yielded by the Catalan forge,

out of which malleable iron is hammered. " With such dimensions as these

there would be no difficulty whatever, by proper treatment of the ores, in

combining the metal with sufficient carbon to obtain a constant supply of

cast iron ] and there seems no doubt that by means of the Blauofen this waa

obtained in actual practice."t The theory of conversion of ore into cast iron

in tlie high stack is thus briefly stated by Dr. Percy :
" The temperature of

the furnace, it is obvious, must increase in proportion to the depth from the

top, and the reduced iron towards the lower and hottest part becomes car-

burised and converted into cast iron, which trickles down in a molten state

to tlie bottom."! From the forge of two or three feet high, producing 1,200

or 1,500 lb. of wrought iron per week direct from the ore, to the blast fur-

nace of 15 or 25 feet producing 12 to 15 tons of pig iron, there was a great

advance. But with furnaces 70 to 85 feet high, producing 550 to 2,000 tons

per week, and converting it as fast as made into steel, the advance is vastly

greater ; and it is the result for the most part of improvements made within

the present century,

g^ ...^ In the sixteenth century the large quantity of charcoal used in England
with charcoal f^^ smelting iron Ore excited alarm on account of the destruction of forests,

and statutes were enacted to regulate the cutting of trees for this purpose

within certain districts. In the reign of Elizabeth several acts were passed

on the subject, one of which provided that no new iron works should be

erected within 22 miles of London nor 14 miles of the Thames, nor in several

parts of Sussex near the sea. Another prohibited the erection of any new

iron works in Surrey, Kent and Sussex, and ordered that no timber of the

size of one foot square at the stub should be used as fuel at any such works.

The time had now arrived for means being taken to utilise mineral coal

instead of charcoal ; and although it had been in use for ordinary purposes

and although the process of smelting varies in different districts, the variation is due partly

to local custom and partly to the fact that the art has most advanced where the population

is most dense and civilised.

* The date of the discovery of the process for making cast iron is unknown. Percy

quotes a statement from Lower, the antiquarian, respecting a cast iron slab in Burwash

church, Su-sex, which would lead to the conclusion that cast iron was made in England five

hundred years ago ; he also quotes the same authority to show that the first cannons of cast

iron were manufactured in Sussex in 1543. Sir Lowthian Bell is of opinion that the change

in process has probably been affected within the last three centuries (Iron and Steel, p. 11)

;

while Swank says cast iron guus were made near Erfurt in Thuringia in 1377, that in the

fifteenth century p tts, plates and balls of iron were cast at the Ilsenberg foundry in Ger-

many, and that stoves are said to have been cast for the first time in 1490, in Alsace (History

of the Manufacture of Iroa in all Ages, p. 21).

t Sir Lowthian Bell's Manufacture of Iron and Steel, p. 11.

X Percy's Metallurgy of Iron and Steel, p. 349.
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tince the middle of the ninth century, if not earlier, it had never been suc-

cessfully employed in the smelting of iron ore. Several experiments were

made in the reign of James the First by Sturtevant, Rovenzon and others
;

but all had failed, with the one exception of Dud Dudley's. He has the credit of
^^^Jl^^X'

having first solved the problem, and although his process is not known it can ^tt mineral

hardly be doubted that the fuel was prepared by converting the coal into

coke. He was strongly opposed by the iron masters, because he sold iron

cheaper than they could afford to sell it ;* the product of his furnaces

(that of the largest being only seven tons of pig iron per week) was

complained of as not merchantable, he was deprived of his works and inven-

tions, he was ruined by lawsuits and riots, and when at the end of nearly

forty years the king refused to renew his patent he gave up the struggle

;

but the knowledge of his invention died with him. In consequence of this
j,^^^ BritiBh iron

failure the British iron trade gradually declined until about the middle of the
ei|htee°iith*cen-

eighteenth century it was not equal to the production of one modern blast *"'">'•

furnace, t The iron manufacturers had to seek for supplies elsewhere, especi-

ally from Sweden and Russia, and although heavy duties were imposed the

quantity brought in continued to increase. X The following figures of imports

are given for periods between 1711 and 1766 :

Years.

1711 to 1718

1729 to 1735

1750 to 1755

1761 to 1766

Tons.

15,642

25,501

34,072

48,980

It was during this critical period that final success was attained with mineral Success attained

coal as a fuel for iron furnaces. About 1730 young Abraham Darby entered coal m furnace

upon the management of his father's iron works at Ooalbrookdale, and as the

supply of charcoal was fast failing he attempted to smelt with a mixture of

coal and charcoal, but did not succeed. Between that time and 1735, Percy

I

*" Dudley sold his pig iron at £4 per ton andhisbar ironat £12perton, the prices of char-
coal pig iron and charcoal bar iron being at that time £6 or even £7 per ton, and from £15 to

£18 respectively."—Percy's Metallurgy, p. 885.

t " In 1740 there were only 59 blast furnaces in work in England and Wales, the total

make of which amounted to not more than 17,350 tons, being an average of 294 tons per
annum for each furnace, a quantity very little exceeding that sometimes made in a single

week in some of the furnaces in Wales at the present day." (lire's Dictionary of Arts, vol.

ii, p. 689). Arnold Toynbee says the quantity of iron imported into Great Britain at that
time is computed at 20,000 tons. "In 1881 we exported 3,820,315 tons of iron and steel,

valued at £27,590,908, and imi^orted to the value of £3,705,332." (Industrial Revolution of

the 18th Century in England, p. 49).

X In 1756 the British duty on imports of bar iron was £2 8s. 6d. sterling per ton and the
Swedish export duties were £3 12s. 6d. A strong memorial was presented to the British
Parliament in that year for the removal of the duties upon imports of bar iron from all

countries, the same as had been done in 1751 upon bar iron imported from the colonies into
the port of London and upon pig iron into other ports. The case of the manufacturers was
based on the three following propositions, viz. : (1) That it is the interest of every manufac-
turing country to get a^ great a choice and rariety of raw materials, and upon as cheap terms,
as can possibly be prixjured. (2) That unless some commodities are taken from other coun-
tries by way of barter in the course of trade you can have but a small veat for your own
manufactures, it being impossible for any nation to make all their payments in gold and
silver, even if they abounded with the richest mines of those metals. (3) That cheapness in
regard to price and goodness in regard to quality are the support and prop of all manufac-
tures. See The Case in the Journal of the Iron and Steel Institute, 1887, No. 2.
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Results of Dar-
by's invention.

Invention of

cylindrical

bellows.

The steam
ens;ine.

relates, he determined to treat pit coal as his charcoal burners had treated

wood. " He built a tire-proof hearth in the open air, piled upon it a circular

mound of coal and covered it with clay and cinders, leaving access to just

sufficient air to maintain slow combustion. Having thus made a good stock

of coke, he proceeded to experiment upon it as a substitute for charcoal. He
himself watched the filling of his furnace during six days and nights, having

no regular sleep and taking his meals at the furnace top. On the sixth

evening, after many disappointments, the experiment succeeded and the iron

ran out well. He then fell asleep in the bridge house at the top of his old-

fashioned furnace so soundly that his men could not wake hira, and carried

him sleeping to his house a quarter of a mile distant."* From that time his

success was rapid, and in 1756 one of his fui*naces, which produced 20 to 22

tons per week, was declared to be at a top pinnacle of prosperity. In 1888,

about a century and a half from the time of Darby's discovery, the 424 fur-

naces of Great Britain in blast produced 7,998,969 gross tons of pig iron from

19,152,074 tons of ore, with 16,131,267 tons of coal;t and Sir Lowthian Bell

is authority for the statement that the gas from the furnace now conducted to

the boilers and hot-air stoves effects an annual saving of about 6,000,000 tons-

of coal on the pig iron product of that country alone, j

Abraham Darby increased the producing capacity of his furnaces by

adding to the power of his machinery for driving the largest bellows which

had then been made, but the old wooden or leather bellows soon gave place

to the cylindrical cast iron bellows, invented by John Smeatoa and set up

first in 1760 at the Carron iron works in Scotland. These cylinders were

four and a-half feet in diameter, exactly fitted with a piston which moved

up and down by means of a water-wheel ; the air was admitted through a

valve in the bottom when the piston rose, and when it fell the air was-

forced through a pipe into the furnace. Four of these cylinders were applied

to blow the furnace, and the strokes of the piston being alternate an unin-

terrupted blast was produced. The furn.ice that produced ten or twelve tons

weekly with the old bellows acquired a capacity with the improved bellows

of forty tons ; and such was the impulse given to the trade by the new blast

upon pit coal that in 1788 the pig iron product of England, Wales and Scot-

land was 68,300 tons, or 50,950 tons more than the product previous to the

use of pit coal.

The invention of the steam engine by James Watt was also applied in

the iron industry, in working mines and driving furnace machinery, and it no

* Percy's Metallurgy of Iron and Steel, p. 888.

+ Journal of the Iron and Steel Institute, 1889, No. 2, p. 486.

J The ilei2:n of Queen Victoria, vol. ii, p. 214.

" In the middle of the eighteenth century a process for smelting iron with coal turned
out to be effective ; and the whole aspect of the iron trade was at once revolutionised. In
fifty years the annual production of iron in Great Britain rose from under twenty thousand
to more than one hundred and seventy thousand tons. During the fifty years that followed
it rose to six millions of tons. Iron was to become the working ruaterial of the nrndern
world ; and it is its production of iron which more than all else has placed England at the
head of industrial Europe." (Green's Historj' of the English People, vol. iv, p. 280). " The
iron industry had been equally [with cotton manufacture] revolutionised by the invention of

smelting by pit coal brought into use between 1740 and 1750, and by the application in 1788
of the steam engine to blast furnaces. In the eight years which followed this latter date the
amount of iron manufactured nearly doubled itself." (Toyubee's Industrial Revolution,

p. 91).
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longer became necessary to erect a furnace by the side of water-power. The

proprietors of furnaces were enabled to largely increase their make, and fresh

capital was embarked in the trade. Yet with such aids as pit coal, iron

cylinders and the steam engine there were only 85 furnaces in blast in Eng-

land, Wales and Scotland in 1788, producing scarcely 15|^ tons each per week.

In the meantime other valuable improvements were being made in iron

production—in the working of malleable iron and transforming cast or pig The puddUn^

iron into wrought iron. In 1766 Thomas and George Cranage of Ooalbrook-

dale procured a patent for the puddling of iron*, which is described in the

specification as follows : "The pig iron is put into a reverberatory furnace?

built of proper construction, and without the addition of anything more than

common raw pit coal is converted into good malleable iron, and being taken

red-hot from the reverberatory furnace to the forge hammer is drawn into

bars of various shapes and sizes, according to the will of the workman."

Another patent for puddling was taken out in 1783 by Peter Onions ; but

the inventor who made the process successful in general practice was unques-

tionably Henry Cort, who took out a patent in 1784. The whole process is

described by Percy, who also records how Cort was wronged and ruined by
Pv"n'tioB^'*

the action of the government in consequence of a business arrangement

entered into by him with one of its own officers. "He died in poverty,"

Percy says, "though he laid the foundation of the riches of many an iron

master, and has largely contributed to the development of the resources and

wealth of Great Britain."! Of the nature and value of Henry Cort's inven-

tion Sir Lowthian Bell says :
" Cast iron, however valuable for being run into

moulds, is useless where great strength and malleability are required. To

obtain a material having these properties it is necessary to expel those substances

which have entered into combination with the metal during the smelting of the

ore. At first this separation was carried out in a Lancashire fire, as it is called,

similar in dimensions and form to that used for obtaining malleable iron

direct from the ore. In it the pig iron was melted with charcoal or coke, the

combustion being maintained by a current of compressed air. After fusion

the blast was continued, when, by its penetrating the molten iron, the carbon

and most of the .silicon and phosphorus were expelled, and the result was a

spongy mass of wrought iron. The process is an expensive one in fuel, labor

and waste of metal, but the product obtained was one of such quality that

it continues to be the method employed for making the highly esteemed bars

imported into this country from Russia and Sweden. Such was the method

of obtaining wrought iron when Henry Cort, a native of England, invented

the puddling furnace. In it the pig iron is melted, after which the workman
stirs up the liquid metal to expose it to the action of the fire and of the oxide

of iron which is always present. As the carbon, etc., are removed the

malleable iron appears in the form of granules, which the pud.ller collects

by means of his tools into four or five separate pieces known as puddled balls.

*Puddling is described by Percy as a process which consists essentially in stirrinsr about
pig iron molten on the bed of a reverberatory furnace, heated by flame until it becomes con-
verted into malleable iron through the decarburising action of the oxygen of the air
circulating through such a furnace.—Metallurgy of Iron and Steel, p. 627.

tMetallurgy of Iron and Steel, p. 629.
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Each of these weighs about one hudredweight, and after being placed under

a steam hammer it is rolled into a rough bar of different dimensions accord-

ing to the purpose for which it is intended. Six charges, or thereabouts,

constitute a day's work for two men, and the weight obtained is about 25 cwt.,

produced by the combustion of about the same quantity of coal. The pud-

dling furnace, afterwards somewhat modified by S. B. Rodgers, continued

from the latter part of the last to the middle of the present century to be

the instrument by which practically all the malleable iron in the world was
«roored rolls eventually made:"* In 1783 Cort had obtained a patent for grooved rolls,

puddled biUig now Called puddle rolls, by which the iron taken from the puddling furnace

was drawn into bars of any shape, instead of being beaten out under the

hammer. By this means the cost of labor in finishing iron was very greatly

reduced, and it became possible to apply iron to purposes not thought of

before Cort's time.

These improvements were followed by marked economy in the smelting of

Re i*gof
*^^^'' *"*^ ^'^^ extended use of cast and wrought iron was accompanied by reduc-

*(a^'*u
tions in price. Within seven years of the introduction of puddling 50,000 tons

of pig iron were annually converted into wrought or malleable iron in Great

Britain by means of Oort's process.f The annual production was increased

from 68,000 tons of pig iron in 1788 to 700,000 tons in 1828, being an

increase from 15|^ to 35 tons per week for each furnace in blast. During the

greater part of this period the industry was most generously protected by

the customs' tariff of the country. Under Mr. Pitt's tariff of 1787 the duty

on manufactured bar iron was £2 I63. 2d. per ton, and in 1819 it was

£6 lOs. ; but by Huskisson's tariff in 1825 it was reduced to £1 10s. The

«Q«toiM' duties iron masters were strongly opposed to this change, and made a vigorous

protest against it. But Mr. Huskisson did not think it fitting that with an

article like iron, in universal use in all manufactures, the people should suffer

from scarcity, and he wondered that they should have submitted to have

every article in which it is used greatly increased in price, as well as deteri-

orated perhaps in quality, in order to favor the British iron masters.!

There waa the less reason for the protest of the iron masters seeing that in

no other country had the improvements and appliances introduced in Great

Britain been employed to anything like the same extent in the manufacture

of iron.

Until 1828 all iron furnaces were worked with the cold blast, and it

was a conviction of iron masters that the colder the blast the better. But in

*The Reign of Queen Victoria, vol. 11, pp. 216-17.

fKeferring to the results of Cort's inventions Prof. Leone Levi says when it became
known that coals could be used instead of dear charcoal, and that the slow operation of the

hammer C'>uld be altogether superseded so as to enable workers to produce a much greater

qiiantity, and of a inT superior quality, a new and unexpected impulse was given to the iron

iiuiu^tiy, with results far exceeding any anticipations. "In South Staffordshire in 1768

there was not a single furnace making charcoal iron, and only nine where pit coal was used,

producing fifteen tons each per week ; while in all other parts of England there were
twer.iy lour charcoal furnaces and fortj'-four pit coal furnaces. In very few years these
multipli.-d enormously, production increased apace, and an immense industry sprang up as

if by magic in hardware and locks, japanned goods and ironmongery."—History of British

Commerce, 2nd edition, p. 10.

+Levi's History of British Commerce, p. 168.
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the year named James B. Neilson, manager of the Glas2;ow gas works,

obtained a patent for the improved applicition of air "to produce heat in ?^« ^^} bi*8t

fires, furnaces and forges where bellows or other blowing apparatus are

required." The blast was to be produced in the ordinary way, but was to

pass into an air vessel sufficiently strong to endure it, and thence by a tube

or pipe into the fire, forge or furnace. "The air vessel or receptaclH must be

air-tight, or nearly so, except the aperture for the admission and emission of

the air ; and at the commencement and during the continuance of the blast it

must be kept artificially heated to a considerable temperature. It is better

that the temperature be kept to a red heat, or nearly so ; but so high a tem-

perature is not absolutely necessary to produce a beneficial efFct."* The

advantages of this invention with respect to the econoruy of fuel w^re soon

recognised, and in 1835 it was in use in almost every furnace in Scotland
;

but, like Dudley, Cort and others, Xeilson was driven to d-;f(3n I his rights in Neiison's ristht
' " '

. .
''of invention

the courts. In 1832 a license to use his invention was granted to the Messrs. contested.

Baird, proprietors of the Garthsherry iron works, in considt^ration ot a royalty

of one shilling per ton of the iron manufactured by them. Subsequently

payment of this duty was withheld on various pleas, especially because

of insufficient description and want of novelty, but also because the cold blast

was more economical, although the defendants admitted that in ten years

they had made a net profit of <£260,000 on hot bla^t ir)n, and that in one

year their profit was £54,000. The trial took place at Edinburgh in 1843,

and Neilson's claim was fully established. The results obtained were from It3 practical
•' results.

the outset eminently satisfactory, the same amount of fuel reducing three

times as much iron, and the same amount of blast doing twice as much work

as previously. The value of the invention thus disputed is now univt-rsally

admitted, and the employment of the hot blast has b^en proved not only

to be attended with a great economy of fuel, but to increase the productive

power of the furnace also.f In 1828 the total make of pig iron in Scotland

was not more than 30,000 tons, in 1839 it had increisid to 200,000 tons,

and in 1860 it had nearly touched 1,000 000 tons ; but this increase was also

due in part to the working of the rich Black-band ore near GUsgow. Taking

account of other improvements effected in the process of reducing iron ore,

such as use of the escaping gases of the furnuce for ra iking steam and hot

air and increase in the height of the shaft and in the temp ratme of the Economic

blast. Sir Lowthian Bell makes the following comparisons : In 1835 furnaces

40 to 50 feet high and 5,000 cubic feet capacity, using cold blast, made 70

tons of iron weekly with 120 cwt. of raw coal per ton ; in 1845, furnaces of

the same height and capacity, with blast at 650" F., made 120 tons p-r week

with 85 cwt. of coal per ton ; in 1855 similar furnaces, with blast at 800'^ F.

and using the escaping gas for steam and hot air, made 220 tons weekly with

62 cwt. of coal per ton ; and in 1865 furnaces 80 feet high and capacity

of 20,000 cubic feet, with blast at 1,000'' F., midi 550 tons of iron p-r week

p. 217.

•Specification of the patent, recorded March 3, 1S23.

tPercy's Metallurgy of Iron and Steel, pp. 3i)4-8, and Phillips' Elements of Metallurgy,
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Huntsman's
process.

with 40 cwt. of raw coal per ton.* The increase in the capacity of furnaces

and in the temperature of the blast was introduced by the smelters of

Middlesbrough, England, in I86.3.t

The next and greatest invention in the history of the iron industry is Sir

Henry Bessemer's process for converting iron into steel. Under the old

process iron was converted into steel by being put into a large crucible or

earthen pot, together with pulverised charcoal, and there heated for a consider-

able time by an external fire, the mouth of the crucible being closely stopt.

This was the practice in England in 1750, when about 4,000 tons of

Swedish iron were consumed for the purpose annually. The principles of the

methods however depend on the quality of the iron to be converted, and

are described by Dr. Percy as consisting of the addition of carbon to malle-

able iron, the partial decarbonisation of cast iron, and the addition of

malleable iron to cast iron. Huntsman's process of making cast steel, Jears-

says in his History of Steel, was perfected after a long series of experiments,

commenced about 1740, and his was almost the only process followed on a

large scale until overshadowed by the still more notable process of Bessemer.

He took steps to bring its qualities under the notice of the Sheifield cutlers,

but they " perversely declined to work with a metal so much harder and

denser than any to which they had been accustomed. "J He found a ready

market for it however at Toledo in Spain, in France and over Europe.

The invention was not patented, and the Sheffield cutlers sought to find out

the method ; Huntsman swore his workers to secrecy and carried on his

manufacture only at night. In this he was successful for a time at least, but

there is a tradition that the secret was at last stolen by a rival steel maker.g

*Beirs Manufacture of Iron and Steel, p. 24.

; " Hy the increase in the temperature of the air, by utilising^ the waste gases and by
increasing the size of the furnace the produce was raised from 200 to 500 or 600 tons per
week, and the consumption df coal, all included, was reduced from three and three-quarters

to two tons of coal per ton of iron. More recently the air has in some cases been heated in

stoves of fiie-brick tj 1,200*^ or 1,500", but the economy of fuel by this additional temperature
has been small cinipHred with that effected by Neilson, and after him by the Middlesbrough
iron nias-ters. 'On ihe other hand the weekly produce has been improved to the extent of

50 to 100 ions per week by the 200*^ to 500" in the heat of the blast. Where very rich ores

are treated, as in the United States, as much as 60,000 tons a year, or even more than this

quantity, has been run from one furnace, part of which extraordinary make is no doubt due to

the use of this more highly heated air. The idea of utilising the combvistible gas which escaped
from the blast furnace is of French origin, dating so far back as 1814. It was however
only when George i'ariy, in South Wales, simplified its application, about 1850, that its use

began to become general. "— Sir Lov/tliian Bell in vol. Ii of the Reign of Queen Victoria, p. 214.

+Curiously enough, Sir Henry Bessemer has had the same experience of Sheffield, and
with the object of inrroducing his steel he established small works there. Speaking on the

subject at the May meeting of the Iron and Steel Institute in 1889 he said :
" He was forced

to do that from ttie fact that steel-makers by the old plan had no belief whatever in the
possibility of making pig iron into steel in twenty minutes ; and as he could not enforce the

fact upon tlien. it was necessary that he should compete with them in their own market ;

and that was the reas-on he established himself in Sheffield, wishing all the time that the
Sheffield manufacturers could see things in the same light that he did ; but they did not..

For some considerable time his little works were going on, and it was not until they lowered
the price of almost every article that they were producing some £10 or £20 below the then
prices of Sheffield that Sheffield manufacturei's began seriously to think that, after all, there

was sume little merit in what Bessemer was saying."—Journal of the Iron and Steel

Institute, No. 1, 18»y, p. 40.

§"This person, it is reported, presented himself in the garb of a beggar at the entranc©

to the Atteicliffe works, under conditions most calculated to excite the sympathy of the

workmen ; it was during a dark winter's night, when the snow was falling fast, that this

mean and skulking vagabond jjrayed for shelter and warmth in the casting house. The-

praj'er was grantt^d, - who could have refused it?—and at length the prize was secured.

This may be a mythical story, or it may be absolutely true ; many a time the same kind of

artifice has been resorted to."—Percy's Metallurgy of Iron and Steel, p. 829.
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Various modifications of Huntsman's invention were introduced from time

to time, the most important of which appears to have consisted in the Modification
' ' * ' Huntsman's

addition of manganese or carburet of manganese to the charge of blister invention,

steel in the crucibles. This was the invention of Josiah Marshall Heath, for

which he obtained a patent in 1839, and by his process manufacturers were deaths process.

enabled to make a malleable cast steel from low-priced British bar iron,

instead of using as previously for the purpose the high-priced bar iron

imported from Sweden and Russia. Soon afterwards Heath found that a

mixture of oxide of manganese and carbonaceous matter could be substituted

for the so-called carburet of manganese, and he granted licenses to certain

steel-makers in Sheffield and undertook to supply them with manganese in

a suitable state for application. Instead however of furnishing the substance

described in the specification of the patent, he furnished the new unpatented

mixture. "A person of the name of Unwin," Percy relates, "was employed

by Heath as an agent for conducting the commercial part of the business, '^''^P°i^fi of his

and very soon this person started as cast-steel maker on his own account,

using the mixture of manganese instead of the carburet and denying that

he had thereby infringed Heath's patent. Several steel-makers at Sheffield

combined with Unwin, and provided a common fund wherewith to contest

Heath's claim to the application of the mixture. Costly and protracted liti-

gation was the result, and the opponents of Heath finally triumphed over

Heath's widow in an appeal to the house of lords."* It is Percy's opinion,

after reading all the evidence in the case, that if any man ever deserved a

patent Heath was that man; and although his process eflTected a saving of forty

to fifty per cent, on the cost of steel to the manufacturers, conferring com-

mercial profits to be reckoned by millions, the steel-makeis of Sheffield used

the money which his process had enabled them to earn in carrying on a fifteen

years' litigation against him on a technical plea (the process adopted being

chemically equivalent to the one described in the patent), and finally secured

a verdict in the house of lords, although of the eleven judges who delivered

their opinion to that house seven were in favor of the claim of Mr. Heath.

f

But Bessemer's invention has overshadowed all others. His process was
first publicly announced in a paper read before the British Association in 1856, Bessemer'spre invention.

under the title of 'The Manufacture of Iron and Steel without Fuel.'j It

was heard without a word of comment, and was published in the proceed-

ings by title only. There were not wanting men of experience and scientific

attainments, Jeans says, who ridiculed and denied the possibility of produc-

ing iron and steel without fuel ; and others again, wise after the event,

suddenly discovered that Bessemer's was quite an ancient process, and had

been before the world and proved to be valueless during many years. "The

'Metallurgy of Iron and Steel, p. 841.

fDavid Mushet calculates that Heath's invention for making steel caused an immediate
reduction of £30 to £tO in the price of good steel, and resulted in an aggregate saving of not
leMs than £2,000,000 from 1839 to 1855, besides rendering England comparatively independent
of Swedi.-h and Russian iron, previously imported in large quantities.—Jean's History of
Steel, p. 30.

t" Anything more erroneous than its title cannot well be conceived. The pig iron to be
converted is both smelted with fuel and again melted with fuel before it is treated by Mr.
Bessemer."—Percy's Metallurgy of Iron and Steel, p. 815.

I
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savants of the British Association were so dumbfounded by Bessemer'a icon-

oclastic ideas that they did not attempt to disscuss his paper." The first

patent was taken out October 17, 1855, and the invention was described as

consisting of forcing currents of air or steam, or both, into and among
particles of molten iron. Steam, it was stated, cools the metal, but air

causes a rapid increase in its temperature, and it passes from a red to an

intense white heat. Another patent was obtained in December of the same

year, and a third on February 12th, 1856. Molten crude iron, or remelted

pig or finery iron, the third patent claimed, is converted into steel or malle-

able iron " without the use of fuel for reheating or continuing to heat the

crude molten metal, such conversion being effected by forcing into and among
the particles of a mass of molten iron currents of air or gaseous matter

containing or capable of evolving sufficient oxygen to keep up the combus-

tion of the carbon contained in the iron till the conversion is accomplished."

It is under this specification, with the non-use of steam and other modifica-

tions introduced since, that the process is carried on at the present time.

*' The main point of my invention," Mr. Bessemer has elsewhere said, "is

the forcing of atmospheric air upwards through fluid iron." The heat is

obtained by the combustion of the carbon and silicon which had united

themselves with'the iron in the blast furnace, and the temperature rises to a

pitch which maintains even malleable iron in a liquid state. f In describing

the process as carried on in a test experiment towards the end of 1856

Percy confesses that he never witnessed any metallurgical process more start-

ling or impressive. " After the blast was turned on all proceeded quietly for

a time, when a volcano-like eruption of flame and sparks suddenly occurred,

and bright red hot scoriae or cinders were forcibly ejected, which would have

inflicted serious injury on any unhappy bystanders whom they might per-

chance have struck. After a few minutes all was again tranquil, and the

molten malleable iron was tapped oflF."| This appearance of a Bessemer

converter at work will be familiar to anyone who has witnessed the operation.

But for a time the process only seemed capable of giving brilliant exhibitions,

excepting when Swedish iron of great purity was employed in the charge.

The ordinary run of British iron was entirely unsuited for treatment in the

converter, and for the use of brands which contained more than one-thou-

sandth part of their weight of phosphorus it seemed to be hopeless, since this

substance is not reduced in the process of conversion to any sensible degree.

But by an invention of Robert F. Mushet, dated September 22, 1856, the

phosphorus diflSculty was overcome very largely by the addition of molten

Spiegel iron to the decarburised metal in the converter whi'e in its liquid

state, by which the proportion of carbon necessary to make steel is restored ;

this means however is only successful with iron containing not more than

*Sosays Jeans, but it ought to be said that the paper was read before the Mechanical
section of the Association. Had it been read before the Chemical section it would aluiost

certainly have met with a different reception.

t " The melting point of wrought iron is so high that it is only within the last quarter of a
century that we have been able to bring any quantity, beyond a few pound", to the fluid state

at one time by means of heat."—Bell's Manufacture of Iron and bteel, p. 361.

J Metallurgy of lion and Steel, p. 815.

M
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Thomson works.

the thousandth of one pe,- cent, of phosphorus. For thirty years almost all
the .ron converted into steel hy this process in Great Britain was the product
of Spa,nsl, ores brought a thousand miles across the sea; but by the joint

frl 7 ""'-"-f
='^ -' Thomas, GUchrist, Snelus, Martin, Siemens

'

andoth rs the evd has been successfully dealt with by the basic process, in Tie b»,c p„.

L ml M ' 1 '=°"™'-^'°" "«= phosphorus is transferred to the slag ST^'^j^^jS:bvm^„^^oM>m_e, so that British pig iron containing 1 triT^eT^t ofphosphorus IS now fitted for use in the Bessemer converter*
But a service of hardly less importance to the iron and steel industry hasbeen rendered by Sir Henry Bessemer along another line, viz., the machinerv -"t™""?by wh,ch the process is carried on. " The purely engin ering feats aecom' =«?-

P^.shed by h,m .n the development of his invention wereisendafto its success'Mr. Swank says, "and they am,,ze us by thei, novelty and magnitude. Thosewho have never seen this maehinery in operation can form but a faint idea of itsexquisite adaptation to the purposes to be accomplished. A Bessemer con™ er, weighing with its contents from twenty to thirty tons, is moved at willon ,u axis by the touch of a man or boy, and receives in response to the sameouch a blastso powerful that every particle of its many tonsof'me.allic eon ent
IS heated to ,he highest temperature ever known in the mecbanie a, ts The

Thomso '"™t""" ""'

V'^""""-^ - -" Mr. Bessemer's own.-f Jn the Edg,.r ^e E..„Thomson works near Pittsburg the writer has witnessed the conversion of
"''°''"

fifteen tons o. iron into Bessemer steel in twenty minutes; in ten minute morewas eas into ingots, and these were hoisted by powerful cranes fromtie p"

lou di T b
;"

r
"" "'""' """'' "'"'^^ '"^^ --—•«" f-°» their:moulds by hydraulic pressure, and with one reheating ea,h in.ot was rolledmto a ra,nir.e,y,eetlong,_thus completing the whole operalnrc an,t

Ifrom molten iron to steel rails within the space of one hour.' And so cheapfv
.3 the operatron accomplished that s,eel rads have almost n.ire y ta nteplace of iron ra,ls.§ Indeed, thanks to the Bessemer process, sLel is nfw

In USi the whole steel trade of Great B, itain was only 40,000 tons and it
-_^^^^^;;^^^^^^-S^^£^^^ ton, and two or three yeriater

• Sir Lowthian Bell io the Reign of Queen Vietoria, vol i, b 221
+ Hietory „f the Manufacture of Ir„„ in all Age., p 303

•Firt°rer"srh\lLs';r7s'xij^i:"r°'',Hr' -;?""•« t-tM» b,,, „y,.Md weighed .5 to 7 civt. Kow inmof ,10 l!. ^ " '' ''" ''''"'"' u,e««"red !l feet hv 3 feet
.ng 15 to 18 cwt. S„ll „«re s rTki,"i . tl?, oXr," "'""? "'".'^ '" ' '"' " 'e.twS
protecting the side, of -ur war , ea for, Th™ f,.

'^ /' "'P^'d"^"'* arniour-plitH^ ',„
nieiitioned, but inst-.d of ahou^ r«-elhtL of "It. VI ''IP " "'« "•'» l''"" £1
thicki>es.< and we gh when finished 41 t,,o. "K""' "' ,•» iieli ibey nie.eure la inches in
to heat n,.as.., of metal, niacKy to Z„ themT",'; "':,'" ""=^l'l'"«» "» the.e, funSeS
have to be .ufficeally poweifXVellS Si'," ,

" thS I"",.""" '"i" '"'i"
'" ««'"' 'S

siSSifiSsr^rF'F""''^''''""-^

.ndUpS'ttSV"' N'ra^tiTrSt^f '".',""' "7 ™i'l ""« "'-t 15 feet long

..hed with not more than halt the men r™ Led Z <"1^ ff weighing 2,IB0 ib. can be Ha?
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^, , ., railway wheel tires were celling at £90 per ton. The first steel r Is mad

rrJlSS i„ 1861. sold at £23 per ton, and in 1870 steel railway bars
'fj^ f^ at £11

tte,..,..pric„. '
. ^^.,^ ^^^^, 1^4^^ ^l^,,h formerly sold at £60 to £60 per

ton were'sold in that year at £18. In 1888 the total production of Bessem..

steel ingots in Great Britain was 2,012,794 gross ^-^'
'>\°f;;^;Tntn<)

i„<,ots 1 292,742 tons, and of basic steel 408,594 tons, or a total of -."*.1<'"

tons while 'the prod;ction of Bessemer steel rails - 979 083 ons whrch

sold It prices ranging about £4 per ton, or £3 per ton less t^an the a e-g

selling price of iron during the forty years P'-;dmg Nerlson s nvent on of

the h^t air blast.* The Siemens and Siemens-Martm open t-^th pr"ce--,

which stand next in point of success to the Bessemer, a, e eq-Uy dejen

ingof mention with itf , but the tacts already presented a-P>y-t'fy th

conclusion that the great progress made in the .ron -'l"^
"^ f^^"

"

during the last hundred years has been due m very large par ,
f not wh "7

to the service of invention. Without the eontrrbutrons °« *'»»'» ^"
«

the state of that industry in Europe and America might st.U be what .t .s

the heart of Africa. J

=frKKSiraSeJ"e^r'"E^^ ^eaf «.e crcsin, the

-frith of Forth.
^ ^f ti,p =prvice of invention to iron-making is very

+ Professor Leone Levis testimony of the senile ot invent
^^^^ p^^

reached 6,381,000 tons per annum of pig iron, ^epre.senung
^^ ^^^_^^^^ ^^ ^ ^,le

we take the manufactured iron m bar, ^^eet and rails the ^ alue w
„ee of the

That amount." (History of B"^*-^ Commerce 2nd
^^^

inventions introduced by Mushet, ^^"l^SfonTn the price of steel. "Twenty-five years

Professor Levi adds, has been a ^a'^g^
^f^^J^t it is now ^1880) from 18s. to 25s. per cwt.

ago the price of cast steel t'res was 120s. per
°;t.,^*^^,t"^i^t^duced, £15 per cwt., it is new

J'; ^o ?Os."pir ?wt'
^
The price of s^Sgh^tllirs'and shafts was from 40s. to oOs. per cwt., it

is now from 19s. 6d. to 23s. per cwt." (p. 533). ^ Association, also says :

''
J.mes M. Swank, secretary «

^j^,^. ^^^^and th^who e o^ the nineteenth century

"During the latter part of the eighteenth century ana tne
^ position m the

down to^the present time no ot^^^^^^^-" [^ >^^ Spam and^Germany had in turn been more

manufacture of iron and steel as Great Britain &P^^^^^^ ^^^^^ j^^.^^^^ ^p^rned all

prominent in the production of these essential, of

a d S mhieral fuel and her powertul blow-

rivakv when she began to make pig ron %^ ith the aid oi miue
^^^ apphed to

ing engines. She had abundance of iron .o-^^sand mineial coa ,^nd n^ P I^^
inventive

Ihl u"fli.sation of these products their ^.^vin^^^le ^^nerg^^^
S ght havl substitute! mineral

o'Pnius France, Germany and other continental countries m.g
,,. -^j ^^ the steamS or charcoal invented the j^iddling f^jnace or perfected the r^^

^^^ ^^^ .^^^^^.

engine' but none' of them did. To England
f^^

Scot and is the wor^^^^
^^

, ^
Ikfns that gave a fresh inipetus to the maiiuf

a^^^^^^^ -"^ i^.^^^v^
man. Darby, Smeaton ^^nd Cort were >.nglishmeB anO^^^^^

present century which have

indebted to the same countries for n^f
f °^*J^^'^JeTeS the demand for it, and which have

further developed the n^^nujacture of ion and increa^ea t
^^^^^^^ improved the locomo-

V almost created the manufacture of steel. ^^^t^P^^^,"?"'^^^^^^^ opened in England, Steph-

tive in 1815, and in 1825 the fir^t l^a^^^nge^^ i a Iroad in th^^^^^^
^^^ j^^, blastm 1828;

enson's locomotive hauhng the trains
.^f^^^f^'Xc iron with anthracite coal m

Crane, the Englishman, applied it to the ™f^4^„^^''hlm,ner in 1838 and the pile-dnver in

1837 ; Nasmyth, the Scotchman, mvented t^^^ steam hammer
^^^.^^^ ^^^_^^^ j^^^ ^

1843 and Bessemer, the Englishman, invented in
l^'^l^^i^^iKe honor uf this invention

ind is the flower of all metallurgical achievements,-a share in
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FUTURE OF THE IRON INDUSTRY.
In the century and a half following the discovery of Abraham Darby's

process of preparing mineral coal for furnace fuel, during which the annual
production of pig iron in Great Britain rose from 17,350 tons to very nearly
8,000,000 tons, the growth of the industry is from first to last the story of
the triumphs of man over matter. Without the aid of invention iron-raak- Progress by the

ing in that country could hardly have survived the middle of the eighteenth
^ °

"''^^'' '°°'

century, while with its aid she has been enabled, until very recently, to pro-
duce four times more iron every year than all the world besides. Yet the
use of those inventions lias been as free and open to iron-workers in all other
countries as to the citizens of Great Britain, and not even there have they
been more [)romptly seized upon than by the iron masters and manufacturers
of the United States. And if the industry is ever to be built up in Canada
our greatest reliance must be upon an intimate knowledge of methods and
processes. " Let us develop our appliances and improve our processes with
care, prudence and wisdom," Sir James Kitson counsels the Briti.sh iron men,
''then will our progress be sound and secure." This is more necessary in Canada's re-

Canada even than in Great Britain, seeing that one of our great lacks is in tl'^^s^^y^of
men of skill and experience to engage in and carry on the work. In one b«fe^°°»°s "&!»*-

particular we have an advantage
; it will not be necessary to replace one set

of costly appliances by another, as iron-workers in Great Britain and the
United States have been obliged to do very extensively during the last thirty
years, to the great loss of capital employed in the business. We may begin
with the best appliances, and with skill and capital we can start upon even

however being fairly due to the co-operating genius of Robert F. Mushet, also an English-man but of Scotch parentage The Siemens regenerative gas furnace, which has been soextensively used in the manufacture of iron and steel, is also an English invention, althoughthe inventors. Sir William and Frederick Siemens, while citizens of England, we^e nSsof Hanover in Germany.' —Iron in all Ages, p. 46.
"u,i,ivt»

"I must ask you to transport yourselves in imagination to England as it was a centuryand a quarter ago We are accustomed to think that, however the life of man mav alterthe earth on which he moves must remain the same. But here the revolutions in mans lifehave stamped themselves upon the face of nature. The great landmarks, the mounta nranges, the river channels, the inlets and estuaries, are for the most part una tared nothingelse remains the same. For desolate moors and fens, for vast tracts of unenclo.eH pas uragfand masses of woodland we have now corn-fields and orchards, and crowded cities wrththircanopies of smoke. Only a few years before the time of which I speak, men complained thathalf the country was waste. Today we have a struggle t.. preserve anv open land at all ItIS to a revolution in three industries agriculture, cotton and iron, that this tiansformation isprincipally due. . The iron industry, with which the material greatness of England hasduring the present century been so conspicuously associated, was graduaUy dying out Muchof the ore was stdl smelted by charcoal in small furnaces blown by leather bellows worked bvoxen. And it wa, „ t a trade upon which the nation looked with compla^encv or Pr de Onthe contrary It had long been denounced by patriots as the voracious ravager of the woodswhich furnished timber for our warships, and pamphleteers demanded that we should imr^rtall our iron from America where vast forests still remained to be cleared in the intere ts ^agriculture, ^ot cotton and iron but wool was considered in those days the grelt Suar Cnational prosperity. "-Toynbee'.s Industrial Revolution, pp. 179-81.
great pmar or

"Not only has nearly every important machine and process employed in manufacturesbeen euher invented or perfected in this country in the pa.t, but it is n.,t too much to savthat m .St of the prominent new industrial departures of modern times are due To the iive-ftive power and skill ot our countrymen. Amongst these are the great in vention of BesTer^erfor the production of steel in enormous quantities, by which alo^, or with iS modificatTonby Thomas and Gilchrist, enabling the commonest description of iron to be used for the pur.pose, Steel IS now obtained at one-tentb the price of twenty years a-o. In the mrnnfacture of iron and steel we stand preeminent, and we are practicallv the naval archfteote ofthe world. Our technical journal., such as those of the Institutes of Civil and MechWalEngineers and of the Iron and Steel Institute, are industriously searched and their contents

SS voT i'prf06V ' ^''"'* "' ''' ''"'"' Commissioners on Technical Instruction

I
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terms with the iron men of the United States and Great Britain. But we

must begin right— with skilled management, the best and most economic

appliances, a sufficiency of capital, and not unmindful of the wants of the

home market or our trade relations with other countries.

The future of tlie industry i« hardly in doubt ; the world is yet far from
The world's ro- . , . . ^„,„ ,„
quirenients as having reached the limits of its )equuenients, and for many years to come m
p'ercyandJeans^ Canada, the United States, South America, Australia and Asia the demand

for iron products will continue to increase in volume. Writing on this fea-

ture of the subject in 1864 Dr. Percy said :
" Notwithstanding the marvel-

lous development of the iron trade in this and other countries since the intro-

duction of railways, yet it may be safely affirmed that the uses of iron will

be vastly more extended than at present, and that there is no just ground for

apprehension lest there should be over-|)rodiiction of this precious metaL

Even the railway system is in a sta<e of rapid growth, and the time will

come when every habitable part of the earth's surface will be reticulated with

iron or steel roads. The day of steel has arrived—bat not to the exclusion

either of wrought or cast iron ; and steel is destined to exercise an important

influence on the de^stinies of the human race."* But Dr. Percy saw only

through a glass darkly, as evidenced by his reference to the coming time of

iron rails headed with steel. Rails of this class were hardly more tban intro-

duced when they gave place to the all-steel rail ; and even now steel ships are

beginning to take the place of iron and wooden ones on the waters of our

great lakes. t Jeans in concluding his History of Steel says :
" Tlie more the

subject of the applications of steel is inquired into, the more does it seem

incapable of exhaustion. Great things have been accomplished in the past,

but much yet remains in the future. The manufacture of steel is far froni

finality. Even now some of the leading steel works in France are assaying

the production of ingots 100 tons weight. Steel indeed may be compared

in reference to its multifarious uses with the elephant's trunk, the adapta-

bility of which enables it with ease to pick up a needle or to pull up a tree.

Hio^h authorities have expressed the opinion that steel will have the future

nearly altogether to itself, displacing copper for fire boxes, etc ,
silver for

articles of ornament and lead for purposes of softness, as much as it is super-

seding iron in respect of utility, economy and endurance. And as it is

difficult to set bounds to the ultimate applications of steel, so is it impossible

to limit the means of its production. (Recent metallurgical progress has

indefinitely increased the resources available for the latter purpose. Science

has at last found a method of ridding of their deleterious contents the ores of

iron heretofore unsuited for the manufacture of steel, and henceforth if metal-

lurgists of experience are not greatly deceiving themselves the cheapest and

the^most plentiful ores will, by one of the greatest chemical triumphs of the

age, be raised to the same rank as the richer and comparatively limited ores

that have alone been deemed fit for the manufacture of steel until now.}

* Metallurgy of Iron and Steel, p. 890.

+T() James Riley, manager of the Glasgow steel works, is due the credit of first nemg

mild bteel in the conatruction of ships, he having built two steel veesels m 18/5.

± This was written in 1880.
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The horizon of the future therefore is uot bounded by any limitation of the

supplies of raw material. Nor is it any more likely to be measured by

the uses of steel, for they are multiplying every day, and as the manufacture

is cheapened and improved so will the applications continue to increase. In

the track of this movement many changes must follow, and have even already

occurred, of which we have been able to take but scant cognizance. The
Jiard and irksome work of the puddler has been superseded by less arduous,

and in the main by less skilled labor.* One of our greatest authorities has I

calculated that to convert fluid cast iron into steel the labor required is only 1

-about one-third of that required to convert pig metal into wrought iron, while \

the fuel consumed is only about one-fourth that formerly used. The economy

of coal is therefore another important corollary of the advance of steel, and

this economy, great though it be in the aggregate, is trifling in comparison

with that accomplished through the greater strength and endurance of that

which we are fully justified in describing as the metal of the future." Fifty

years ago the world's production of iron was about 2,750,000 tons. Great

Britain being credited with 1,120,000 and the United States with 300,000

tons, and in 1888 it had increased to nearly 23,200,000 tons, of which Great

Britain produced in round numbers 8,000,000 and the United States 6,500,000

tons. In 1837 the consumption per capita in the British islands was about

78 lb. and in 1887 it was reckoned to be 300 Jb. In the United States it and future,

increased from about 95 lb. in 1860 to 270 lb. in 1880 and probably to 300 lb.

in 1888.t The consumption of Canada in 1888 did not exceed 1001b. per

<japita
;
yet that is nearly as large as the average for Europe and the United

States, and more than double the consumption of the South American states.

It is a safe prediction that in less than fifty years the present per capita con-

sumption of iron in the world will be 50 lb., and that the requirements of

the United States and Canada alone will be 20,000,000 tons yearly. Iron ore

•does not grow like forests or grain crops, and every year the world's supply

is being reduced by the quantity raised and smelted. Here in Ontario our

deposits are for the most part as they came from the hand of nature, and

they are believed to be of enormous extent. If we have skill and enterprise

and capital we may develop them ; we may build up an industry of immense
value ; we may even take rank as iron manufacturers with our kinsmen

across the lakes and beyond the 8ea.|

* Few puddlers are able to continue the work after the age of 45 or 50 years.

+ In speaking before the Iron and Steel Institute in May, 1887, Sir Lowthian Bell said :

*'The United Kingdom consumed, after deducting the iron exported, about 299 lb. per
annum per head of its population. The United States followed with 270 lb. But the 319
millions of inhabitants of all Europe and the United States of America only consumed
107 lb., some countries only requiring about 24 lb. ; and the average consumption of the 1,425
millians of people who inhabited the globe was only about 32 lb., or about one-ninth of what
was used in the United Kingdom and the United States together. Still more striking was
the fact that there were 1,014 millions who used less than 2 lb. of iron per annum, and of these
there were 517 millions who managed to exist with a consumption of less than a h lb. per indi-
vidual per annum."—Journal of the Institute, No. 1, 1887, p. 120.

t At evidence of the importance of the iron and steel industry in giving employment to
workingmen, the following extract is taken from the Pittsburg Dispatch of December, 1888,
showing the aggregates of semi-monthly pay-rolls in the iron and steel mills of that city and
its suburbs :

" Commencing with Carnegie Brothers & Co. and Carnegie, Phipps & Co. :

They employ about 6,000 men, and p.-iy out every two weeks as follows : At the two Lucy
blast furnaces, $8,000 ; at the Union Mill, Thirty-third street, §30.000 ; at the Union Iron
and Forge Mill, Twenty-ninth street, $25,000 ; at the Bessemer Steel Mill, Homestead,

24 (M.C.)
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COPPER AND NICKEL SMELTING.

The discoveries of extensive ranges of copper and nickel ore in the-

district lying northward of Georgian bay, and especially the mining and

smelting operations carried on in the vicinity of Sudbury, demand notice in

this Section of the report. The combination of metals in the ore of those

ranges however is so peculiar that it is yet too early to speak with confi-

dence of the success of works erected to reduce it upon an extensive scale.

"This combination of nickel and copper," as stated by Dr. Peters in his

evidence, "has not been met with before in such quantities as to require separ-

ation in a wholesale way. The only case of the kind in America is the Gap

mine in Pennsylvania, and there they use the old European way of dissolving

in acids, which would never do in our case." At present prices the copper

contents of the ore are only of secondary importance, even assuming that the

separation of the metals from other combinations and from each other can be

accomplished satisfactorily and by an economic method. It is claimed that

such a process has been discovered at the smelting and refining works of Sir

Henry Hussey Vivian at Swansea in Wales, where experiments with the ore

and matte have been carried on for some time ; and if it be true, as reported^

that this distinguished metallurgist intends to establish reducing works at

Sudbury to smelt the ore of a "mineral property he has recently acquired

$22 000, and at the Edgar Thompson Steel Mill and seven blast furnaces, Braddock,
$70'000'; making a total for the Carnegie firms alone of $155,000. Next is the National Tube
Works at McKeesport. They operate three rolling mills and the largest pipe mill in the

world. ' They employ 5,000 men and pay out $125,000. Oliver Brothers & Phillips rank at the

head of the third class in paying out money. This firm operates three iron mills and a steel

plant, and gives work to about 3,000 men, paying them $75,000. Jones & Laughlins, operat-

ing the American Iron Works, give work to 3,000 men and their pay roll amounts to

"^75 000 but only from $45,000 to $55,000 is said to be paid out in money, the remainder being

taken from the company's store. The Pittsburg Forge and Iron Works gives work to 700''

men and pays out $13,000; the Pittsburg Iron Works of J. Painter & Sons, 900 men,

$25 000; Park Bros. & Co,, Black Diamond Steel Works, 1,200 men, $31,000 ; the Pittsburg

Steel and Casting Company, 300 men, $7,500 ; the Clinton mill and blast furnace, on the

south side 550 men, $12,500; A. M. Byers & Co.'s Iron and Pipe Mill, 550 men, $14,500 ;

Anchor "Nail and Tack Works, Chess, Cook & Co., 400 men, $11,000; Sligo Iron Mill,

Phillips', Nimick & Co., 550 men, $13,000; Sheffield Steel Works, Singer, Nimick & Co., 700

men $15,500 ; Glendon Spike Works, Dilvvorth, Porter & Co., $12,500 ; Republic Iron

Works 600 men, $14,500 ; Elba Iron and Continental Tube Company, at Frankstown, 650

men $15 000 (the tube mill is at present idle). The Soho Iron and Steel Mill and the

blast furnace of Moorhead, McCleane & Co., 700 men, $15,600; Keystone Rolling Mill, 400

men $10,000 ; the Star Iron Mill of Lindsay & McCutcheon, 550 men, $13,500 : the La Belle

Steel Mill, 250 men, $8,000; the Kensington Iron Mill of Lloyd, Sons & Co., 250 men,

$7 000* the Wayne Iron and Steel Mill of Brown and Co., 550 men, $14,000; the Juniata

Iron and Steel Mill and two blast furnaces of Shoenberger & Co. , 750 men, $20,000 ; the

steel works of Howe, Brown & Co., 650 men, $18,000; the Sable Iron Works of Zug & Co.,,

500 men $14,000 ; the Millvale Mill of Gratf, Bennett & Co. (which is at present shut down),

675 men^ $16' 500; the Solar Iron Works of Wm. Clark & Co., 450 men, $9,000. The Fort

Pitt Iron Works, when last operated by Graff, Bennett & Co., gave work to 600 men, who
were paid $50,000 ; the Vesuvius Iron Mill of Moorhead Bros. & Co., 450 men, $9,000; the

Etna Iron and Pipe Mills of Spang, Chalfant & Co., 650 men, with a pay roll of $16,000 (but

seldom more than $11,000 is paid out in cash, the rest being taken out of the company's store) ^

the Spang Steel and Iron Company, 350 men, $8,000 ; the Crescent Steel Works of Miller,

Metcalf, Parkin & Co., 500 men, $15,000. This latter plant is one of the leading steel mills

in the w'orld. The finest grade of steel is made there, which is used for making fine light

shears needles and clock spring steel. The Linden Steel Mill, 400 men, $12,000 ; the Oliver

& Roberts Wire Mill, 400 men, $10,000 ; the Soho Pipe Mill, 300 men, $8,000; the Pennsyl-

vania Tube Works, 700 men, $16,000 ; the Isabella Furnace Company, 350 men, $8,500; the

Edith Furnace Company, 150 men, $4,000 ; the Carrie Furnace Company, 150 men, $4,000

;

the Eliza Furnace Company, 475 men, $9,500 ; the Braddock Wire Works, 250 men, $7,500

;

the Chartiers Iron and Steel Company, 200 men, $7,000 ; the Vulcan Forge and Iron Works
at Chartiers, 400 men, $9,000 ; the Pittsburgh Steel Works at Chartiers, 400 men, $9,000,

and the McKeesport Iron Works of W. D. Wood & Co., 450 men, $11,000." That makes a

total of $939,500 every two weeks. In one year of twenty-five pay days per month, it would

amount to $23,487,500 paid out to 37,350 men who are employed in the manufacture of iron

and steel alone.
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there, it may be assumed that his experiments have been attended with

success, or at any rate that the progress in treatment justifies the expectation

of success.

IMPORT A NCK OF THE INDUSTRY.
The value of such works to our province, if established and carried

on at paying figures, must appear obvious when it is seen how large the The copper

industry is elsewhere as limited to production of ingot copper alone. The the world"
^^'

following table, published in the report on the ^lineral Resources of the United

States for 1887, gives the copper production of the world in long tons for

the eight years 1 880-7 :

Countries.
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150,000,000 tons of ore in sight. It is worked by an English company which

has a paid-up capital of <£3, 250,000 stg., and the total cost of the mine as

shown by the annual report for the year ending December, 1888, was

.£3,331,095. The report for that year shows that the profits on sales of pro-

duce realised £1,142,777, and after providing for payment of interest, expenses

of administration, bonds redeemed, plant, repairs, etc., there remained avail-

able for dividend a net profit of ,£754,706. The quality of the ore will

appear by the following table, giving the quantity raised from the mine for

shipment and local treatment in the seven years 1882-8, together with the

average copper contents of the ore :

Year.
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These statistics will enable us to form some conception of the value to Ontario

of the great copper ranges lying in the Huronian region beyond Georgian

bay, as yet but veiy imperfectly explored, and of the possibilities which await

their development.

Fifteen years ago the world's production of nickel was about 600 tons,

and in consequence of its comparative rarity and of new uses to which it
pJ'o(iu°t'io„*jjj

was found to be adapted the price had in a few years risen in England from nickel.

4s. to lis. per lb.* In 1876 the average price in the United States was

$2.60 per pound and the total product 201,367 lb. ; in 1882 the product was

281,616 lb. and the price $1.10 per pound ; but in 1887 the product fell to

205,566 lb. and the price to 65 cents. This was a result of the discovery

and working of high-grade nickel ores in the island of New Caledonia, a

penal colony of France, about the year 1876, and which in the years 1882-4
J^j^^^^^,

produced from 800 to 1,000 tons of metallic nickel, while no new uses were
^gect'on^prkel^

found for it in the arts. Consequently, although the mines of New Caledonia

have been worked under unfavorable conditions, the supply exceeded the

demand, and prices steadily dropped, f Hitherto nickel has been used for

making the alloy known as nickel-silver, which possesses great strength and

whiteness, and is produced for the supply of manufacturers of spoons, forks,

plated-ware and other articles. It is also largely used in the United States, Alloys of nickel

Germany, Belgium and other countries in the minting of small coins, for

which it is well adapted. But recent experiments carried on in Great Britain

know how they made those heavy irony slaers so clean. I had but little time to examine
the ground, and I failed to find the remains of their furnaces. I failed also to liiid metallic
bottoms, the famous 'Eisensamen' or 'iron pigs,' which almost invariably accumulate in the
bottom of blast-furnaces working on ores of this nature, and which do now occur largely in
the most scientifically conducted works of Germany and Sweden. Surely these 'old men'
knew their business !"—Vivian's Lecture on Copper Smelting, p. 7.

*Phillips' Elements of Metallurgy, p. 362.

tThe following account of the New Caledonia nickel mines is given in the report on the
Mineral Resources of the United States for 1885 : "The veins, so far as strike and dip are
concerned, are fairly regular, striking north-northeast and south-southwest and dipping
almost vertically. But the contents vary widely and suddenly in grade. The veins are
not very persistent, and it is asserted, after experience which must be considered final, that
they do not descend deeper than 300 to 500 feet, even that depth being very rare. The ore is

mined by the usual methods and is sorted by hand at the mine and sacked. M. de Peloux
describes in detail how frequently the ore is handled, evidently disapproving of it ; he enum-
erates that the ore of the Thio district, which is best equipped with means of transportation,
is handled twelve times. This is partly due to the fact that the sacks are taken to the river
bank, the bar at the mouth of which they can only cross at floodtide, and that the beach is so
shallow that the ore must again be lightered to the sea-going vessels in the offing, which carry
it to the smelting works at is'oumea. Thus the irregularity of the ore distribution and the-

high cost of transportation greatly increase the expense of mining. To this must be added
the scarcity of suitable labor in New Caledonia. Among the force available are, first, those
transported criminals who are liberated with residences restricted to the colony. They are
lazy and difficult to handle. They receive from 6 to 9 francs for eight hours' work. Then
there are the natives of the New Hebrides islands, engaged under supervision of the gov-
ernment for a period of three to five j-ears. Although apparently cheap labor, they cost
3 francs a day, are unfit to work in the mines, and are unable to adapt themselves to the -

climate, from 25 to 30 per cent, always being in the hospital, where the majority die. Their
immigration has been finally prohibited by the French government. The Australians are
fair miners and good workmen, but they demand at least 12.50 francs a day. Latterly
Chinese laborers have been brought in and give better promise, although they require
constant watching. Added to the high cost of labor as compared with European standards,
there is often trouble through want of water. The ore is taken in lots of 200 to 250 tons to
Noumea, where it is worked in two blast furnaces, one of which is used for nickel ores alone
and the other for mixed ores of nickel and cobalt. The charcoal and coke come from
Australia, and, in spite of the proximity of the two colonies, are very dear. Charcoal costing
12.50 francs at Sydney is worth 40 francs at Noumea, while coke sells at 70 to 80 francs.

.

kThe
object in smelting the ore is to produce a matte carrying from 60 to 70 per cent of metal^

It is granulated and shipped to England."—p. 300.
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with alloys of nickel and steel seem to justify the hope that a new and valu-

able use has been found for the metal, and if the claims now made are well

founded it is not unlikely that the resources of all known mines may soon be

taxed to supply the demand for it.

PROCESSES OF SMELTING ORES.

There are various processes for the smelting and refining of copper ores»

all of which are well described in Phillips' Elements of Metallurgy, Dr.

Percy's Metallurgy and other works, but in the short account here given the

writer follows very closely the two greatest living authorities as scientitic

and practical metallurgists,—Sir Henry Hussey Vivian who favors the Welsh,

and Dr. Edward D. Peters who favors the German system.''' " When I use the

term South Welsh system of copper smelting," Vivian says, " T carefully

avoid the term ' principle ' of copper smelting, because the same principle

must be the base of all copper smelting. The ends are the same, but the

means of attaining them are difierent. The difference lies in our use of rever-

beratory furnaces both for calcining and melting, while the other systems of

the world depend (or perhaps more correctly depended) on roasting in heaps

and melting in b ast furnaces.' Before the Welsh system was introduced

three centuries ;igo the practice had been to roast and melt the ore and

regulus repeatedly ; as many as sixteen and twenty-two times are mentioned,

one-half roastings andjOne-half meltings, and the time occupied was as many

weeks as fires. But with the new system, the inventor of which was one

Jochim Gans, the work could be completed in five days, f This practice was

adopted with the commencement of copper smelting in South Wales in 1584,

and in the following year they were able to smelt 24 cwt. of ore every day

with one furnace and to treat any kind of ore, which in 1586 was further

increased to three tons per day with a mixture of charcoal and mineral coal,

which proves the use of a reverberatory furnace. I

'' * See Copper Smelting, its History and Processes, by Henry Hussey Vivian, M.P., a
lecture delivered at Swansea, in the theatre of the Royal Institution of South Wales, Decem-
ber 20th, 1880 ; and Modern American Methods of Copper ijmelting, by Edward D. Peters,

junr., M.E.,M.D., 1887.

t The oFe was prepared for the furnace by crushing and roasting it, after the vitriol and
burnt cinder were carried off by water, which, Vivian says, distinctly proves reverberatory
calcining. Nedham (quoted by Vivian) saj's: "By Mr. Jochims order of working we can

—

by once rosteing and once smelting the ure (w"ch shall be done in the space of three days)
the same copper ure shall j'ield us black copper and copper stone which nether Mr. Daniell
nor his Sonne could or yet can do under xvi times [passing through the fire and xvi times
doeing thereof, and further in once rodteing and once smeltinge the same black copper
and copper stone again, which shall be done in two days after Mr. Jochims order of worke-
inge, 1 will bringe the black copper and copper stone into perfect rough copper, which Mr.
Stemberger cannot make under xxii tymes passing through the fire and xxii weekes in doinge
thereof and sometymes more."

+ "On the 7th of March, 1586, Ulrick Frosse wrote to Mr. Carnsewe (superintending a
mine in Cornwall) :

' Wee looke dayley for the copper refiner from Keswicke, and have in

readines as much copper roste and blake copper as will make a 20 tonne of good copper. ' He
reported in the same letter that he 'could melt in 7 hours 24 c. of owre, with 8 or !) seks of

chare coles and 3 horslod of sea coles ; melting many sorts of owres to gether is the most
proffet and will smelt a greattayll souner. ' Now this passage shows that they had so increased
their melting as to do upward of three tons per 24 hour?, and that they could take any kind
of ore, but, above ai], it proves that they were using reverberatory furnaces, because 'sea

<:oles ' are suitable for such furnaces and not for blast furnaces. The charcoal was probably
mixed with the coal to prevent its binding too strongly, just as we now use ' free ' coal.

The charge of 24 cwt. was curiously enough the same which was used by works up to a recent
date. My object in giving these extracts is to show, not alone how copper smelting com-
menced in South Wales, which is of great local interest, but also how the South Welsh pro-

'cess of copper smelting, which may be said to be at this moment the ruling process of the
nvorld, began. '—Vi\ ian on Copper Smelting, p. 13.
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There is a great variety of ores and combinations of copper, the purest

being the native copper found in the lake Superior mines at Houghton ; but

the <;opper of commerce generally occurs in combination with sulphur, and,

following Vivian, attention may be exclusively directed here to the smelting Varieties of ores.

of sulphide of copper in combination with sulphide of iron, earthy matters

-and "every known and unknown metal and mineral in creation."

By smelting is meant fusion of the ore and whatever fluxes may be

necessary, when the copper owing to higher specific gravity separates frcm

the slag and is recovered by appropriate means. The first object in the pro- Treatment of

cess must be to lose as little of the copper as possible in the slag and to make
the fusion easy. In the case of oxidised oies it is obtained at once in a

metallic condition, somewhat adulterated with sulphur, iron and other foreign

substances, and requires only a single operation or at most two to bring it

into merchantable form. But when it occurs with sulphur or arsenic, with

an excess of foreign sulphides, the result of fusion is merely concentrated ore,

freed from the earthy gangue. It is the first business of the copper smelter

to consider the varying nature of his ores. In those containing large quan-

tities of sulphide of iron he takes care to roast or calcine highly in order to

obtain oxide of iron to flux the ores and produce a regulus or matte suffici-

ently rich in copper—his standard being from 30 to 35 per cent. Whether
the process is carried on in a reverberatory furnace, a muffle, or in heaps, the

-object to be obtained is the same in all cases. Of the merits of the different

systems Vivian says: "The most ancient, namely, roastin" or burnins: in „ ,.•^

_

'' '
./ ' o o Roasting or

heaps, is the least costly, provided the copper ore is sufficiently rich in sul- calcining.

phur or bituminous matter, as in the case of the Mansfield Kupferschiefer

;

but it is not applicable to ores poor in sulphur and in any case it is very

tedious, occupying weeks or even months, and therefore necessitating enor-

mous stocks of ore in comparison with the quantity treated. The Houth

Welsh calciner on the other hand is rapid in its action, never exceeding 36

hours and for ordinary ores 12 hours, while the quantity treated is consider-

able and the cost of fuel and wages consequently small. Our large calciners Reverberatory
calciners.

at Hafod treat 14 tons each charge, the time of course depending on the

nature of the ore we are operating on." These calciners are reverberatory

furnaces 28 feet long by 13 feet wide, inside, with a small fire-grate at one

•end, and the ore is spread evenly over the bed of the furnace. They are

simple and under complete control, Vivian says ; any ore can be treated in

them, whether containing much or little sulphur, and the process can be

arrested at or pushed to any point. Where it is intended to utilise the sul- Manufacture of

phur for the production of sulphuric acid three kinds of calciners are used,
^"'p'^""'^ ^"'l'

viz., kilns in which the material is burnt in pieces the size of road metal;

the GerstenhoflTer calciner, in which it is burnt as powder, and the muffle

calciner, which is worked by transmitted heat.

In weighing the advantages and disadvantages of the reverberatory and

blast furnace systems of smelting the calcined ore, Sir H. Vivian says the blast The reverbera-
•^ °

.

•' tory and blast

furnace is slightly more economical in the cost of fuel, and in all cases it furnace systems
compared.

produces a cleaner slag ; but he contends that its working is much more

complicated, and through its tendency to reduce the oxide of iron in the ore
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into metallic form it is liable to produce a mass of infusible matter at the

bottom of the furnace, which causes its partial or entire destruction. A
second drawback to the blast furnace is that it can only treat a comparatively

rough mixture, as much tirwe ore would choke it. A third dieadvantage of

the blast furnace is that it fails to produce a regulus as fine and rich in

copper as the reverberatory furnace, which means that more expense has to

be incurred in the subsequent processes. " The reverberatory furnace is a.

simple and easily worked furnace, forming no metallic bottoms until the

copper stage is reached, and capable of dealing with all ores, as Ulrick Frosse

found out three hundred years ago." But Sir H. Vivian's knowledge of blast

furnaces was limited to the rectangular and round brick furnaces, such as have

commonly been used in Germany, which required constant repairs and atten-

tion to prevent burning up and freezing out. For a fair comparison of the

two systems the improved water-jacketed blast furnace now used in the

United States and Canada should be taken instead ot the now antiquated.

German one.*

At Swansea, as Dr. Peters observes, a great variety of ores is used».

brought from all quarters of the world, differing in richness, purity and other

qualities—sulphide ores, oxides and carbonates. Coal is cheap also, and

refractory material is obtainable at prices far below American rates. At the

Swansea works also there is a body of skilful workmen who have grown up
at the furnaces, and who at very low rates of wages are capable of executing

all difficult operations demanded by the system of treatment. There is, too^

a market where every variety of metal brings the highest justifiable price..

Under American conditions, on the other hand, the ore usually comes from

one or two sources, constant in its composition and usually in large quantities ;

while wages are high and fuel and refractory material is expensive. These

conditions however have shown the necessity of economy of labor and

material ; they have demanded improvement in processes, and have resulted

in perfecting the water-jacketed cupola. The adaptation of the principle of

water-cooling to copper blast furnaces. Dr. Peters says, may be hailed as the

greatest advance in the treatment of that metal made since the introduction,

of the English method of refining on the hearth of a reverberatory furnace.

The burning out and freezing up of the the furnace from the half -fused masses,

of molten fire-brick have with its employment become a thing of the past*

Where no accident occurs nothing compels stoppage of the furnace excepting

the need of general repairs to the machinery, cleansing the interior of the

jacket from sediment and the possible choking up of the furnace shaft with

* "Since blast furnace smelting has obtained a footing in the United States," Dr. Peters.

says, "it has become so changed from its original as to be scarcely recognisable, and as here,

used by the more advanced metallurgists can challenge competition with the reverberatory

under most circumstances, and where the conditions are at all favorable can show results far-

surpassing the best Swansea work in yield, economy and capacity. That this may seem,

novel or even doubtful to English smelters is quite natural, when it is recollected that the

full extent of these remarkable advances is known to comparatively few metallurgists, and
that very little relating to the same has been published. It is with the modern Anierican

form of the German copper process that all comparisons must be instituted ; and this com-
prises not only a great improvement in the processes of calcination and the construction and
management of blast furnaces used, but in many cases the employment of reverberatories for

certain portions of the matte concentration, while the process of refining is in all cases

carried on according to the Swansea method. "—Modern American Methods of Copper

Smelting, p. 171.
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accretions of sulphides of zinc or lead, which occur in minute proportions in

all copper ores. The material of the jacket may consist of cast iron, wrought

iron or mild steel ; but the brand known as fire-box iron is less liable to scale

and blister by heat, and is capable of being bent without weakening.

Besides its excessive weight cast iron is somewhat liable to crack when

exposed to extreme j3 actuations of temperature. With wrought iron the

thickness need not exceed ordinary boiler plate, and the tendency of the

inner plate to weaken owing to difference of expansion has been overcome by

using an elongated oval-shape instead of the rectangular—a modification

introduced by Herreshoff of New York. The ordinary blast in copper smelt- The Hen-eshott

ing does not exceed three-quarters of a pound per square inch, and this can-

not penetrate to the centre of a charge in a furnace of greater diameter than

50 inches where half the charge is in lump form, and so the largest Herreshoff

furnace is only 48 inches in diameter. The width of the water space has

been diminished little by little until even two inches has become a not uncom-

mon standard, and the constant flow of water into and out of it keeps the

inner plate of the cupola from damage by the excessive heat of the molten

mass within. The cold feed of water is generally introduced near the middle

or lower portion of the jacket, and doubtless settles to the lower part at once

to rise gradually as it becomes heated and escape through a pipe of somewhat

greater diameter than the inlet pipe from the upper portion of the jacket.

If tapped in such a way that the escape pipe is on a level with the

extreme upper surface it prevents the accumulation of any steam which

might form, while the accumulation of sediment introduced in the water

can be easily removed through the hand-holes provided for that purpose.

The furnace jacket is also supplied with a drain-cock to empty it when not in

blast, in cold weather or when repairs are required. The bottom of the

furnace is a foot or less below the tuyeres, from which the entire molten mass

escapes through a narrow groove into an outside crucible or well in which the
^^^ ^^j, ^^

matte separates from the slag and is tapped into moulds or pots, while the fore-heartk.

slag flows from a spout into pots arranged on wheels for convenient dumping.

It is this transfer of the crucible from the inside to the outside of the furnace

that has divested cupola work of most of its terrors, for by this means the

troublesome chilling over of the metal in the crucible and the frequent freez-

ing over of the tap-hole are avoided, which otherwise would make the

emptying of the furnace impossible without great difficulty.* With the old

form of crucible in the interior of the furnace the cutting out of a chilled

mass, which sometimes formed, was a costly and tedious operation, comprising

the blowing out and cooling down of the furnace, whereas if the exterior

well becomes unworkable from any cause it can be disengaged from the furnace

and another put into its place in twenty minutes—the stoppage of the blast

for so short a time causing no trouble in the furnace. It is by such improve-

ments as are here described that the blast furnace has come into general

* " The first well used in connection with a copper furnace in this country was built by
James Douglas, jr., at his Phcenixville works, in 1879."—Dr. Peters' Modern American
Methods, p. 179.

I
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favor for the smelting of copper ore in America, and one may doubt if under

the most favorable conditions the reverberatory furnace surpasses it in

the production of matte.

THE BRUCE MINES SMELTING WORKS.
The efforts at copper smelting at Bruce Mines are for the most part a

tradition. The books of the company were destroyed in a labor riot, its

annual reports are not accessible, the Geological Survey volumes are silent on

the enterprise ; we are dependent for information mainly upon personal recol-

lections, and these cannot be very accurate after an interval of a quarter of a

century, especially as regards details and statistics. The statements in the

evidence of Messrs. Borron, Prout and Plummer however are important and

valuable, and the general causes of the failure of smelting operations at the

Bruce and Wellington mines are no doubt correctly stated. The cost of pro -

duction could not fail to be heavy under the circumstances of time and place.

Fuel was dear owing to the cost of freight, for the lake Superior traffic had

^scarcely begun to develop even when the works closed ; the rate of wages for

labor ruled high, and labor itself was neither very efficient nor reliable ] and

the processes adopted, as well as the direction of the works, it may readily be

believed, were not adapted for the insuring of economic production. The

testimony of Mr. Borron on these aspects of copper smelting at Bruce Mines

may furnish a useful lesson to any who may contemplate the establishing of

similar works there or at auy other point in the northern districts. The

Welsh system failed, and so also did the salt process tried afterwards at the

Wellington mines; so also, it is almost certain, would the blast furnace

system had it been tried with the old fashioned furnace of that time.

THE SUDBURY SMELTING WORKS.
The smelting works of the Canadian Copper company at Sudbury have

been set up under the direction of Dr. Peters, the well known metallurgist

and author, to whom frequent leference has already been made. The blast

furnace system has been adopted at those works, and the ore is prepared for

smelting by being roasted in large heaps in the open air. The Copper cliff,

the Evans and the Stobie mines furnish the supplies of ores, and although

they are all of the same class their composition varies considerably. Nine

assays of raw ore taken without selection from these mines, made by Mr.

Sperry for copper and nickel in November, 1888, to show how the ore ran

in the mass, gave the following results :

Copper

.

Nickel .

1.
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elevated track to the roasting yard, located about three hundred yards from

the smelting furnace. The beds of the yard have been made with layers The roasting

of clay and gravel, for the want of better material, and shallow drains have

been cut for the purpose of drawing off water in the event of a heavy rain-

fall during the roasting operation. About thirty beds have been prepared

in this way, and each heap when finished contains from 400 to 600 tons of

ore. In building a heap a layer of fine ore is spread upon the bed to the

depth of six inches, and over this a layer of wood to the depth of eighteen How a heap

inches. The fuel used is dry pine—the remains of an extensive forest fire

which swept over this country some fiften years ago. It is laid with frequent

openings for draughts along the sides and ends, while sticks are set on end at

intervals throughout the heap to serve as chimneys. The wood is covered

with coarse ore to the depth of two or .three feet, and this in turn by fines

to prevent a too rapid combustion, the whole when completed making a

pile about six feet high". The fire is set to kindling material in the

draught openings, and as it spreads and the heat increases the sulphur of the
*

ore adds to the fuel, sending up a heavy, yellowish cloud of acrid smoke.

The heap burns from thirty days to seven weeks, according to its size and

the quality of the ore,—that which contains the largest proportion of sulphur

and iron requiring the longest time. For rapid and effective roasting the

heaps should be covered to keep off rain or snow ; but as covering of any

kind would interfere with the free escape of the smoke this is not desirable

for the health or comfort of the attendants, as at the best a roasting yard

is as unsavory as a gehenna. It is found at Sudbury that roasting in this

way is done satisfactorily and cheaply, largely reducing the percentage of

sulphur and uniting oxygen with the iron, so that the ore as taken from the

heaps is self-fluxing. An analysis of roasted ore made in December, 1888, to

enable the furnace manager to make up a charge for smelting, gave 5.40 per Composition

cent, of copper, 2.43 per cent, of nickel, 7.92 per cent, of sulphur, 25 per ore.

cent, of iron, lime, magnesia, etc., and the residue chiefly of hornblende. An
experienced workman knows the difference in the quality of roasted ores at

sight, and is able to mix them roughly as they are loaded into the cars at

the heaps to be taken to the smelter and dumped into separate bins. Here

they are again mixed by the furnace men in making up the charge so as to

produce the quality of matte required.

The furnace set up at the workswas manufactured by the Jenckes Machine

company of Sherbrooke, Quebec, after the Herreshoff patent. It is nearly,,..'.„ , . , ,. ~ r, r. /. . , ,
Description of

eiliptica' m form, having a longer diameter of 6 feet 6 inches and a shorter the furnace,

of 3 feet 3 inches at the tuyeres, increasing in size upwards, and is 9 feet in

height to the charging door. It is made of rolled steel, wich a water space of

two inches between the outer and inner plates, and has for bottom a cast-iron

plate protected with fire-brick—the whole resting on four strong iron supports.

A light dome of plate steel, brick-lined in the crown and sides, covers the

furnace ; and in one side of this dome, on a level with the ore bins, is the

feed door. A cross-flue or dust chamber connects the dome with the chimney.

The well, fore-hearth or settling pot is made of double plates of cast iron,

having a water space of six inches, and rests upon four wheels for conveni-
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ence of moving it whenever repairs are necessary, a second well standing read}''

to be put in its place, A square opening on one side is fitted by fire-clay to a

corresponding opening in the furnace, through which the molten mass flows

when the furnace is in blast. The blast is furnished by one of Baker's rotary

blowers, and enters the furnace through eleven tuyeres under a pressure of 8

to 10 ounces per square inch. A charge consists of 1,800 to 2,000 K). of ore

and coke, mixed in the proportion by weight of eight of the former to one of

the latter, and at the usual speed of driving the furnace it smelts 120 tons of

ore per day, sometimes reaching 150 tons. As the molten mass gathers at

the base of the furnace it flows through the discharge hole into the well, where

the heavier or metallic portion sinks and the lighter slag rises to the surface^

to flow out in a constant stream of liquid fire at the slag-spout and be rolled

in the pots in which it is caught to the waste heap. The matte is drawn at

frequent intervals through a tap-hole at a lower level, which is opened with a

pointed rod of iron and afterwards closed with a ball of fire-clay.*

It is bright and sparkling in appearance and flows very freely, but

occasionally shoots out like the discharge of a Gatling gun, to the terror of

the fresh onlooker, and mayhap to the serious hurt of one or more of the fur-

nace men. The matte is allowed to cool in pots, after which it is ready for

shipment to the refining works. Its composition is shown by the following

analyses, the first of which was made by Mr. Sperry on the 22nd of February

and the second on the 2nd of March, 1889 :

Material.
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of the same capacity as the first was set up daring the summer of 1889, and

was blown in on the 4th of September.*

No works for the refining of matte have yet been erected in Ontario, but,

with the promise of an abundance of material to treat, it is not impiobable Rofining works,

that this need of a completed industry will be supplied. The process is diffi.

cult, tedious and costly, and this is an additional reason for its being carried

on at home instead of shipping the matte to New Jersey, Maryland or Wales

ALLOYS OP NICKEL AND STEEL.
The production of copper and nickel in Ontario would seem to be lim-

ited only by the skill and enterprise of those who may engage in the industry.

The number and extent of ranges already located give promise of a supply ^® outlook for

equal to any demand which may arise for many years to come, and as yet only P"®*-

an insignificant area of the formation bearing the copper and nickel ores has

been explored. Any new purpose therefore to which one or other of these

metals may be applied possesses great interest not only to the companies en-

gaged in opening and working the mines but to the whole province also. As
regards copper, it has been employed in the arts for so many centuries that

we should be surprised were even modern scientific metallurgy to find out a

new application of it. When we read that nearly three thousand years ago

the treatment of alloys of copper and tin had reached such a stage of perfec-

tion that founders cunning to work all works in brass were able to cast

pillars 31J feet in length and 21^ feet in circumference, adorned with lily

work, and a bath of 20,000 gallons capacity 8| feet in height and 52| feet in ^opperand"'

circumference set upon twelve figures of oxen cast when it was cast,! we may '^'°* °^^

almost despair of new and valuable use being found for copper.

But nickel is a modern metal, having only been discovered in 1751, and

until recently it was hardly known in the pure state. Some specimens of

wrought and forged nickel were shown for the first time at the Philadelphia -; keUmode
exhibition of 1876 by Mr, Wharton of the Camden works, but they attracted '^^**'"

no attention. In 1878 those specimens were sent to the Paris exhibition, and

there as in Philadelphia they did not at first excite any surprise or receive

* Since the above was put in type Mr. H. P. Mcintosh of Cleveland, the secretary of the
company, has furnished the following particulars of smelting operations at Sudbur}-^ to 31st
December, 188'J :

" Our No. 1 furnace was blown in for the first time on December 24th, 1888,
and ran from that time to December 31st, 1889, 259 days of 24 hours, using 31,268 tons of ore
and producing therefrom 3,849 tons of matte averaging probably about 18 per cent, copper and
13 per cent, nickel. In this operation there were consumed 3,950 tons of Connellsville coke,
costing about $6.50 per ton at Sudbury. Smelter No. 2 started September 4th, 1889, and ran
73 days from that period t*^ December 31st, using 9,740 tors of ore and producing 1,210 tons
of matte averaging probably about the same per cent, copper and nickel as No. 1. This
furnace consumed 1,169 tons of coke. Shipments have been made to Philadelphia, New
York, Swansea, Liverpool and Hamburg. Our coke is shipped by boat from Cleveland to
Algoma Mills and thence over the Canadian Pacific railway to Sudbury." The shaft at
Copper-cliflf mine is sunk at an angle of 45". On the 31st of December, 1889, it had reached
a depth of 502 feet, and the width of the ore deposit at that depth was 65 feet.

tSee I Kings chap, vi, and ii Chronicles chap, iii and iv. Brass is an alloy of copper
and zinc while bronze is an alloy of copper and tin, and as zinc does not appear to
have been known at the time of Solomon it is assumed that when brass is spoken of in the
Bible an alloy of copper and tin is meant. Referring to the sea or washing basin cast by
Hiram for the temple, Vivian says :

" To make such a casting a large quantity of metal
would have to be melted at once, not probably in crucibles but in a cupola or reverberatory
furnace, and great skill would be required in manipulating so heavy a casting. It is also
clear that the art of moulding was well understood." Tubal-Cain, who was seventh in descent
from Adam, was an instructor of every artificer and the forger of every cutting instrument
of brass or copper and iron.—Genesis iv— 22, R, V.
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any special attention. " Very few persons realised what the objects really

were," W. P. Blake wrote in the volume of Mineral Resources of the United

States for 1883, " and that they were very different from alloys of nickel.

In fact very few chemists had ever seen nickel. Pure nickel was a rarity, a

curiosity, just as samples of indium and thallium are to-day. It was not

strange therefore that the expert chemists and metallurgists of Europe on the-

international jury showed some incredulity and surprise when whole ingots

and forged bars of metal and numerous finished articles of pure wrought

nickel without alloy were offered for their inspection." This notable ad-

vance, Mr. Blake says, prepared the way for greater advances, one which hfr

mentions being the addition of a small quantity of magnesium to the charge

of molten metal when it is ready to be poured. With the addition of an^

ounce of magnesium to 60 lb. of nickel, the metal becomes remarkably tough

and malleable and may be drawn into wire or rolled into sheets as thin as

paper. ' Dr. Fleitman of Iserlohn, Prussia, has also succeeded in welding

sheet nickel upon iron and steel plates so as to coat them equally on each

face, the two metals being so nearly the same in their physical properties that

they work well together and adhere tenaciously.*

But doubtless the most important discovery of the use of nickel is its-

alloy with steel, made almost simultaneously by Mr. J. F. Hall of Sheffield,.

England, and Mons. Maibeau of France, an account of which is given in

the Journal of the Iron and Steel Institute, No. 1, 1889.

A number of experiments of alloys of nickel and iron are mentioned by^

Dr. Percy,! none of which appear to have been very satisfactory. Horse-shoe^

nails melted by Faraday and Stodart with 3 per cent, of nickel gave an alloy

that was quite as malleable and pleasant to work under the hammer as pure

iron. When melted with 10 per cent, of nickel the alloy was less malleable

and more disposed to crack under the hammer : it rusted less quickly than

pure iron, whereas the same quantity alloyed with steel accelerated rusting

very materially. An alloy of 8.3 per cent, of nickel with iron, prepared by

Berthier by the reduction of the mixed oxides of both metals in a brasqued

crucible, was semi-ductile, very tenacious and fine-grained, but somewhat

scaly in fracture. A series of four experiments conducted in Dr. Percy's own

*"The applications in the arts of such nickeled iron sheets will readily suggest themselves^

Up to this time the most direct uses seem to be in making hollow ware, particular!}' culinary-

vessels. The manufacture of such ware has already begun at Schwarte by Dr. Fleitman, and
a great variety of vessels, such as saucepans and kettles, have been turned out, some of them
of pure sheet nickel. They are all very beautiful in appearance, resembling highly finished

platinum vessels more than ordinary ware. When planished and buffed up the surface be-

comes like a mirror, and will answer the purpose of one. The vessels already sent to this

country as samples are made of nickeled iron, and show the facility with which thecomjjound

sheet metal may be stamped, spun up and polished. This ware is far superior to tinned iron

or tinned copper for cooking in. Experiments have shown that it is not poisonous. The
nickel is not only less liable to corrosion, but is harder, will last longer and cannot be melted

off by overheating. The ware is lighter and stronger than tin or copper ware, is susceptible of

a high polish and is not easily tarnished. It is well adapted to the manufacture of dishes, sal-

vers and covers for the table. The coating of nickel applied by welding is stronger and
tougher tlian that deposited by electrolysis, and appears to be less liable to scale off. The
electrically deposited metal is in some cases very brittle, and no doubt contains sufficient

hydrogen to essentially modify the physical characters of the coating. This new application

of nickel constitutes practically a new industry of great importance. It increases the con-

sumption of nickel and will stimulate its production, and by giving a steady demand will no
doubt lead to a more uniform and constant supply."—E. P. Blake in the Mineral Resources

of the United States, 1883, p. 420.

+ Metallurgy of Iron and Steel, p. 171.
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laboratory with 1, 5, 20 and 50 per cent, of nickel, gave varying results.

The nickel was practically pure, the iron was in a state of fine wire, fusion

was effected under plate glass in clay crucibles and the metals appeared to

alloy perfectly together. (1) With 495 grains iron and 5 grains nickel, the loss,

in alloying was 10 grains; and when cut half through with a cold chisel

the remainder broke, the fracture being in all respects similar to that of

pure iron. (2) With 285 grains of iron and 15 grains of nickel the loss was

10 grains ; the alloy seemed to be perfectly made, but it was more brittle

than No. 1 and the fracture was bright and finely granular. (3) With 240

grains of iron and 60 of nickel the loss was 20 grains ; the surface was smooth

and free from scale, differing in that respect from 1 and 2, but the alloy was.

brittle and on cutting across with a chisel it broke with an extremely irre-

gular fracture. (4) With 200 grains each of iron and nickel the loss was

20 grains ; the alloy was smooth and free from scale, but tarnished, and

while it flattened sensibly under the hammer it was brittle ; the fracture

was even, uniform and finely granular. Alloys of iron and steel with nickel

made by Wolf of Schweinfurth and examined by Liebig, Percy says, had the

aspect and properties of genuine Damascus steel, and the nickel iron acquired

likewise by the usual process a magnificent damask.*

Those experiments were conducted by chemists and metallurgists of high

reputation, t and when the results are compared with others obtained within

the last two years by practical men of unquestioned skill it does not seem pos-

sible to account for the causes of failure on one side and of success on the other

without further details of the processes than the records afiord.

At the meeting of the Iron and Steel Institute of Great Britain in May,
1889, a paper was read on alloys of nickel and steel by Mr. James Riley,

manager of the Glasgow steel works, which has awakened great interest ments\t^""

throughout Europe and America. Some months before Mr. Riley had been workt"'^
^^^^

asked to examine specimens of manufactures of various alloys of nickel and
iron made according to a process patented by Mons. Marbeau of France.

The British patents obtained for these manufactures, ]Mr. Riley states, had
previously been submitted to him, but their consideration had not caused him
to feel much interest in them. But when he examined the products them-
selves his interest was much excited and he entered on a course of investi-

gations regarding the alloys which was still in progress when his paper was
given to the Institute. Some time after the conclusion of preliminary tests,

made upon ingots sent for treatment and examination a visit to the works in

France was arranged, with the object of seeing the process of manufacture

and the certainty with which products could be obtained from the crucible.

This was demonstrated, Mr. Riley states, to his entire satisfaction, the compo-
sition of the casts being varied at will and the qualities and properties of the

metal indicated beforehand. Afterwards M. Marbeau visited the Glasgow

* W. P. Biake in U. S. Mineral Resources, 1883, p. 416, mentions that experiments by
Bouissingault with 5, 10 and 15 per cent, of nickel added to iron showed that the alloy
rusted as freely under water as steel without nickel.

t They are recorded in scientific journals and metallurgical works dating fromlS20to-
1864, but great advance has been made in knowledge of the properties of metals in the past-
quarter of a century.
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steel works and charges were made which showed that the composition of the

metal can be as effectually controlled in the open hearth furnace as in the

crucible.*

In endeavoring to obtain a correct idea of the utility of the alloys of

nickel, iron and steel, Mr. Riley made a careful examination of their beha-

Mechanicai tests vior under tensile and other mechanical tests. But as chemically pure iron is

practically unknown, and as the presence of very minute quantities of carbon

,

silicon, sulphur, phosphorus etc., in varying proportions produce marked

changes in the qualities of iron,t it is necessary that the percentages of each

should remain constant in order to estimate correctly the influence of the

addition of nickel. Twelve tests with varying contents of nickel, the results

of which are reported by Mr. Riley, prove how necessary it is to know all

the conditions before any certain conclusion is reached, and possibly it was in

this particular that the earlier experiments failed. The contents of nickel in

the iron, as shown by the records of Mr. Riley's tests, varied from 1 to

49.4 per cent, the carbon from .22 to .90 per cent., and the manganese

from .23 to .85 per cent. "With 2 per cent, nickel, .90 per cent, carbon

and .50 per cent, manganese, and also with 4 per cent, nickel, .85 per

cent, carbon and .50 per cent, manganese, the alloys were too hard to

machine with musket steel, but they made a fine tool when tempered at

dull red in boiling water; while with 10 per cent, nickel and .50 percent.

each of carbon and manganese it was too hard to machine, but made a good

cutting tool when tempered in a cold air blast. This extreme hardness is

stated to be due to the large quantity of carbon present, but also to the

presence of nickel in addition. " This quality of hardness obtains as the

nickel is increased," Mr. Riley observes, "until about 20 per cent, is reached,

when a change takes place and successive additions of nickel tend to make

the steel softer and more ductile, and even to neutralise the influence of car-

Peculiar effects

of &ickel on
steel.

* " The alloy can be made in any pood open hearth furnace working at a fairly good heat.

The charge can be made in as short a time as an ordinary ' scrap ' charge of steel—say about
seven hours. Its working demands no extraordinary care, in fact not so much as is re-

quired in working many other kinds of charges, the composition of the resulting steel being

easily and definitely controlled. No special arrangements are required for casting, the ordi-

nary ladles and moulds being sufficient. If the charge is properly worked nearly all the

nickel will be found in tlie steel—almost none is lost in the slag, being in this respect widely
difiFerent from charges of chrome steel.

"The steel is steady in the mould, it is more fluid and thinner than ordinary steel, it

sets more rapidly, and it appears to be thoroughly homogeneous. The ingots are clean and
smooth in appearance on the outside, but those richest in nickel are a little more ' piped' than
are ingots of ordinary mild steel. There is less liquation of the metalloids in these ingots, so

that liability to serious troubles from this cause is much reduced. Any scrap produced in

the subsequent operations of hammering, rolling, shearing, etc., can be remelted in making
another charge without loss of nickel. The importance of this fact will be at once appreciated,

especially by users of articles made of this metal, seeing that scraps and old articles will have

a value for remelting in proportion to their contents of nickel.
'' No extraordinary care is required when reheating the ignots for hammering or rolling.

They will stand quite as much heat as ingots having equal contents of carbon but no nickel,

except perhaps in the case of steel containing over 25 per cent, of nickel, when the heat

should be kept a little lower and more care taken in forging.
" If the steel has been properly made and is of correct composition it will hammer and

roll well, whether it contains little or much nickel ; but it is possible to make it of such poor

quality in other respects that it will crack badly in working, as is the case with ordinary

steal."—James Riley in the Journal of the Iron and Steel Institute, No. 1, 1889. p. 46.

tSir James Kitson states that ingot iron alloyed with so small a proportion of aluminium
as 0.1 per cent, melts at a comparatively low temperature, is very liquid in the molten state,

and can be cast into solid and homogeneous objects possessing the strength of wrought iron.

—Joarn»l of the Iron and Steel Institute, No. 1, 1889, p. 25.
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bon, . . but I am glad to be able to state that before the region of extreme

•difficulty of machining is reached we have qualities of nickel steel available

which will be of the utmost value for a very large number of purposes."

With 25 per cent, nickel, .27 per cent, carbon, and .85 per cent, manganese

the ductility as shown by the extension before fracture was marvellous, show-

ing 40 percent, in eight inches. In No. 6 test, with 4.7 per cent, nickel

>

.22 per cent, carbon and .23 per cent, manganese, the addition of the nickel

raised the elastic limit from 16 up to 28 tons, and the breaking strain from

30 up to 40.6 tons when annealed, without impairing the elongation or

contraction of area to any noticeable extent. Of a series of hardening and

tempering tests Mr. Riley says : "We have tested pieces up to 87 tons breaking

strain with 52 tons elastic limit ; but there is a piece before you, furnished

by the patentee, which was tested by us and gave b.s. 95.6 tons, e.l. 54 tons,

extension in four inches 9.37 per cent., contraction of area 49.2 per cent.

Two similar pieces tested by Mr. Kirkaldy gave b.s. 94.18 and 93.86 tons, Torsion tests.

«.l. 52.01 and 53.92 tons, extension 7.8 and 8.2 per cent., and contraction of

area 52.4 and 50 per cent, respectively."* In torsion or twisting tests the

results were equally satisfactory, the one set confirming the other as regards

breaking strain and elastic limit, while the number of twists were found to

correspond closely to the ductility as measured by extension in the tensile

tests.t

The whole series of nickel steels up to 50 per cent, were found by Mr.

Kiley to take a good polish and finish, the richer ones having a lustrous

appearance. Up to 5 per cent, nickel it was found that the alloys could be of*n?ckei^*er

machined with moderate care, while the poorer ones stood punching exceed-

ingly well both as rolled and after annealing ; the punch-holes can be put

as close together as ^-inch without the metals showing any signs of cracking.

As to the welding quality however this was found to deteriorate with each

.addition of nickel above one per cent. " In the very important matter of

corrodibility," Mr, Riley stated, " it is with the greatest satisfaction I can

state that the steels rich in nickel are practically non-corrodible, and that Non-corrodible.

those poor in nickel are much better than other steels in this respect."

Experiments made with 5 per cent, nickel steel as compared with mild steel

of .18 per cent, carbon showed corrosion in the ratio of 10 to 12, and as com-

* The breaking weight of a bar of iron having a sectional area of one inch when hung at
•one end is given by Sir Lowthian Bell at 6 to 14 tons for cast iron, 20 to 30 tons for wrought
iron and 28 to 60 tons for steel. Trials at the Royal Arsenal, Woolwich, recorded by Jeans
give the tensile strength of Bessemer iron and steel to the square ineh as follows : Iron as
cast and unhammered (mean of 5 trials) 18.41 tons ; hammered or rolled (mean of" 5) 32.43
tons Steel in cast and unhammered state (mean of 6) 28.13 tons ; hammered or rolled (mean
of 7) 68.26 tons. The power and delicacy of testing machines is shown by a trial of the
Emery machine at the VVatertown arsenal. It is capable of exerting a stress of 800,000 lb
and of testing specimens up to 30 feet in length. Before acceptance, a link of hard iron
five inches in diameter was placed in the machine and slowlj' strained in tension till it broke
at 722,000 lb. Without any adjustment a horse hair was then fixed in the machine and
broken at an indicated stress of one pound.—See Journal of the Iron and Steel Institute No 1
1889, p. 379. '

> • >

t "This alloy," Sir James Kitson stated in his address as president of the Institute
"promises to be of great commercial value. I have here test pieces of two bars which were
<;ut out of a 10-ton armor plate made in France. The pieces were forged down into shape
They contain 5 per cent, of nickel and give a tensile strain of 90 tons with an elongation
-of 8 per cent. It is claimed that with 5 per cent, of nickel there is almost entire freedom
from corrosion. Nickel steel has extreme fluidity and is very sound.'"—Journal No 1

1889, p. 26. ' " '

25 (m. G.)
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pared with steel of .40 carbon and 1.6 chromium a ratio of 10 to 15. In,

the case of 25 per cent, nickel these ratios were as 10 to 870 and 10 to 1,160

respectively. These results were obtained by immersion of the samples in

Abel's corrosive liquid, and afterwards confirmed by immersion in water

acidified by hydrochloric acid.*

In the discussion which followed the reading of Mr. Riley's paper it

was stated by Mr. J. F. Hall of Sheffield, also a manager of steel works,

ments^^^^" that he had been carrying on experiments with alloys of nickel and steel for

about two years and had taken out a patent for his invention.f This is for

* In concluding his paper Mr. Riley indicated some of the possible uses to which these

alloys may be applied as follows :

" It requires no powerful imagination to conjure up a most bewildering number of appli-

cations for which they are available. I find some difficulty in not becoming enthusiastic on
the ijoint, for in the wide range of properties or qualities possessed by these alloys it really

seems as if any conceivable demand could be met and satisfied.

"Of the richer alloys I do not intend to speak at any length, but would just remark
that in the immense field covered by what are termed the ' Metal Trades' innumerable appli-

cations will be found for which they are suitable. Some specimens of these applications are

before you.
"Of the 25 per cent, nickel steel I would remark that with its peculiar properties of

high b.s., great ductility and comparatively low e. I. it is extremely well adapted for all

operations involving considerable deformation—for instance, for deep stamping and flanging

—whilst its non-corrodibility will render it invaluable for a great number of purposes.

"This quality of non-corrodibility, considered together with its strength, both elastic and
ultimate when unannealed, will render it specially useful in all cases where the cost of metal
is of minor importance when contrasted with the cost of labor to be expended upon it, or its

use for special purposes : illustrations of these may be found in all small and special type
boilers, in locomotive and other fire-boxes, and in the hulls of torpedo and other similar

vessels where lightness and strength with non-corrodibility are of vital importance.
" In the region between 25 per cent, and say 5 per cent, nickel we have an abundance of

possibilities as yet comparatively unknown, in which I expect will be found materials for

tool-steel equal if not superior to anything at present known.
" But it is when we get to the alloys of 5 per cent, and under that I feel most interested,

and I think most of you will sympathise with that feeling.
" I have already incidentally referred to the advantages the marine engineer will obtain

by the use of these qualities for the shafts and other forgings used in his structures. I would
now point to the suitability of these lower alloys to the other portions of his work. It is well

known— it has been frequently stated by my friend Mr. Parker and others—that the recent

advances in marine engineering, rendered possible by the iise of high-pressed steam, could

not have been effected if it had not been that a metal superior to wrought iron was put at the

engineer's disposal. Conceive then of the possibilities now presented when a metal like

No. 6 in the table No. 1 is at his disposal, having when annealed an ultimate strength of 30
per cent, and elastic limit of 60 or 70 per cent, higher than those of mild steel, with a nearly

equal ductility, and the valuable quality added of less liability to corrosion. He may at once
greatly reduce his scantlings for pressures and get rid of many difficulties of construction,

or he may avail himself of the increased strength to provide for still higher pressures.
" It will also be seen that these metals are equally important to the shipbuilder and to

the civil engineer. This is strongly brought out in considering the immense advantage to be
derived from their use in large structures. Think for a moment of tliis in connection with
the erection of the Forth bridge or of the Eiffel tower. If the engineers of those stupen-

dous structures had had at their disposal a metal of 40 tons strength and '?8 tons elastic

limit, instead of 30 tons strength and 17 tons elastic limit in the one case and say 22 tons
strength and 14 to IG tons elastic limit in the other, how many difficulties would have been
reduced in magnitude as the weight of materials was reduced ; the Forth bridge would have
become even more light and airy and the tower more net-like and graceful than they are at

present.
"Then, as regards the requirements of the military engineer, I am inclined to state

firmly that there has not yet been placed at his disposal materials so well adapted to his pur-

poses—whether of armor or of armament—as those I have now brought under your notice.
" In what may be called their natural condition these alloys have many properties which

will commend them for these purposes, and when the best method of treatment by harden-

ing or tempering has been arrived at I believe that their qualities for armor will be unsur-

passed.
"

t Mr. Hall's provisional specification for ' Improvements in Alloys containing Iron and
Steel ' is dated March 5th, 1888, and the complete specification on the 5th of December in

the same year. Following is a copy of the complete specification :

" I, John Francis Hail of Norbury, Sheffield, in the county of York, manager of steel

works, do hereby declare the nature of this invention and in what manner the same is to be
performed to be particularly described and ascertained in and by the following statement

:

"This invention refers to the manufacture of a new alloy of steel or iron and nickel,

having for its object to produce a metal or alloy combining great strength with toughness.
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the use of nickel ia steel in any proportions from 2^ to 50 per cent., and Mr.

Hall has carried out a large series of experiments to prove its value. A
gun-barrel of nickel steel was tested by Messrs. Holland and Holland of

New Bond street, London, an eminent firm of gun-makers, and showed sur-

prising strength. In practice three drachms of powder and one ounce of

shot are used for a 12-bore gun, but in tests four or five drachms of powder

and an ounce and a half of shot are used. " Nine tests in all were carried

out," Mr. Hall said, " the ninth test contained fifteen drachms of powder,

three ounces and a half of shot and double wadding. At that charge the

gun-barrel burst, but it did not burst in the real sense of the word, for it

was merely opened and laid out flat. The maker of that gun, who had pro-

bably made more high-class guns than any other person living, informed the

speaker that he never in all his experience had seen or could imagine such a

piece of material." Mr. Hall also stated that in one of his experiments he

had got a tensile strain of 97 tons, with an elongation of a little over 7 per

cent.*

The cost of nickel was, in the opinion of several members of the Insti-

tute, a serious objection to its extensive use. Sir James Kitson however Consideration of
cost as a bar to

did not attach any importance to cost, recalling the fact that when steel tires "*^-

for locomotives were first extensively introduced into Great Britain by Krupp
they were sold in the market at £120 per ton, and at that price they made
their way against Lowmoor tires of one-third the price. Therefore he
thought that a metal which gave a tensile strain of 50 tons, with an elonga-

tion of 50 per cent., was sure to make its way if the claims which Mr. Riley

had made were justified by experience.!

It does not seem likely however that the cost of nickel will lone stand

at 50 cents per pound, when it is remembered that within ten years of the

also possessing a very close grain or texture, thus rendering it capable of receiving a brilliant
polish.

" I wish it to be understood that I am aware that steel has prior to this my invention
been treated with nickel, but only in very small proportions, rarely exceeding one per cent,
and never above two per cent, of nickel (as a matter of fact one per cent, may be taken as
the full extent of the addition).

" Now my present invention, the results of research and experiments, relates to the pro-
duction of a new alloy of steel or of melted wrought iron, being a combination of either of
the above-named metals with a proportion of nickel which may vary from 2h per cent, to 50
per cent, of the whole.

"The steel may contain carbon, silicon, manganese, chrome, tungsten or any of the
well-known and commonly used ingredients, but I prefer to keep the said materials as low as
possible, although in some cases I may increase the carbon. To carry out the invention in
manufacture it is only necessary to melt the iron or steel by the Bessemer, Siemens or
other like process or by the ordinary crucible process, and to add thereto the required pro-
portion of the ordinary nickel of commerce. The resulting product may either be cast to the
desired shape, as an ordinary casting, or as an ingot it may be forged, rolled or otherwise
manipulated as desired.

"The metallic alloy so constituted is particularly useful and valuable in the manufacture
of cannon, gun-barrels, shot and shell, armor plates, engravers' plates and other articles
requiring great strength, a smooth surface or a tine polish.

" Having now particularly described and ascertained the nature of my said invention
and m what maner the same is to be performed, I declare that what I claim is : A metallic
alloy of steel or iron and nickel consisting of a combination of either of the first two named
metals with a proportion of nickel varying (as required) from 2i per cent, to 50 per cent, of
the whole, for the purpose hereinbefore specified."

From enquiry made at Ottawa it does not appear that at the patent office there any patent
has been applied for or granted for inventions of alloys of nickel and steel either by Mr
Hall or Mons. Marbeau.

* Journal of the Iron and Steel Institute, No. 1, 1889, pp. 57-8.

t lb., p. 71.
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opening of the New Caledonia mines it fell to that figure from $2 per pound
and that five years before the opening of those mines the selling price was

13.25 per pound. The working of the Ontario mines will no doubt effect a

still greater reduction, unless the demand should very largely increase as a

result of the discoveries of Messrs. Hall and Marbeau. Ten blast futnances,

each of equal capacity with the ones now in operation at Sudbury, could pro-

duce 5,000 tons of nickel per annum, and from the known extent of the ore

ranges a hundred blast furnaces producing 50,000 tons per annum are not

beyond the limit of a possible realisation. And having nickel ores and iron

ores in great abundance, why should not Ontario aim to produce the world's

supply of nickel steel 1 With skill and enterprise this achievement is

possible.

C. J. Pusey—I have been engaged in smelting works in an anthracite furnace
at Pottsville, Pennsylvania, and 1 believe it would be possible to carry on smelting

operations successfully at our own mines in Haliburton if we had a free entrance to

the United States. I think we could make charcoal iron profitably, but anthracite

iron cannot be made in this country until there is a larger mai'ket for pig iron.

Neither is the market large enough for a coke furnace. We could make a superior

class of castings from our iron, and we could make our own charcoal iron. Our
company has been planning a 30-ton furnace. We were advised to put ujj a 60-ton

furnace, but after making very full enquiries we believe that a furnace of that

capacity would be larger than our market would warrant. Anthracite and coke
iron could not be made for less than $14 or $15 a ton, while the market averages

about $18 a ton, and that would not leave enough margin. With charcoal we
could make our iron for $3 or $4 less, and have a better market for that iron, and
therefore I would not put a dollar into an anthracite or coke furnace and would
not advise anyone else to do so. It is a recognised principle in all iron manufac-
turing countries that if we want a furnace where we can do the work most
economically we must plant it where we can place the raw material at the least

cost. In Snowdon, for instance, all the raw material is near at hand ; if the fuel

and ore had to be transplanted to the furnace it would mean so much more added
to the cost of production. We have an abundance of wood in our district and
could produce hardwood charcoal at 5| cents per bushel, or perhaps at 5 cents with

improved kilns. I consider that it would take about 100 or 110 bushels of hardwood
charcoal to smelt a ton of pig iron in a 30-ton furnace. Under date of December
6th, 1881, Messrs. Taws & Hartman of Philadelphia furnished the following

estimate :

We have selected the Rowland, Imperial and New York mines for ore for the purpose^

and propose using one-third of each, which will give an ore mixture of 59 per cent, of iron.

With this mixture the following weights and materials will be required : Ore, 4,000 lb. ;

charcoal, 2,520 lb. or 140 bushels ; limestone, 177 tt). We estimate the cost of a ton of iron

as follows •

4,000 lb. of ore at $1.00 per ton $ 1 80

2,520 lb. of charcoal at 6 cents per bushel 8 40

177 lb. of limestone 10

Labor per ton of iron, including office expenses and superintendent's
salary 2 50

Repairs and taxes 1 00

Total $13 80

Each cord of wood will make 45 bushels of charcoal and the wood will cost $1.30 per

cord at the furnace. You will require twenty charcoal kilns to keep up a steady supply of

400,000 bushels per year. These will cost about $500 each, or $10,000 in all. The cost of

the furnace we estimate as follows : One cold blast furnace, 8 feet bosh, 40 feet high, with
hoist, tackle and cast-house, blowing engine and pipes complete, $36,000. Average capacity

of furnace, 100 tons per week.

1 believe the above statement is equally as good now as when it was prepared.

That estimate was for a cold blast furnace instead of a hot blast, which would make a

reduction of $1.50 to $2 per ton. A hot blast would increase the cost of the plant

of a 30-ton furnace by about $20,000. The improvements made in the manner of

smelting would also reduce the cost. The plant complete for a 60-ton furnace
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would cost $135,000. Mr. J. P. Witherow a furnace builder of Pittsburg, Pennsyl-
vania, gave us an estimate in 1884, and his figures for making iron as furnished to witherow°o/"

^"

me under date of December 15 were as follows : Pittsburg.

Dear Sir,—I have thoroughly examined your letter of the 13th instant, wherein you
give me the cost of your ores, limestone and cordwood delivered at the furnace location,
together with their analyses, and find that upon the basis of the prices and analyses given
you can manufacture iron at the following cost

:

„ ^ c (§ Howland mine, @ $1.50 S2 00
2 tons of ore -^ 1 T i • /-, ©a =«

v w
I ^ Imperial mine, @ $0.50 33

$ 2 33
80 bushels charcoal @ $.05 4 00

J ton limestone @ $0.75 25

Labor 2 00

Salaries and incidental expenses
. 50

$9 08

The average practice of charcoal in the lake Superior region is as follows : The average
weight of a cord of hardwood is 3,000 lb. The yield of charcoal when built in open kilns on
the ground runs from 23 to 27 per cent. A safe average would be 25 per cent., making 750
lb. of charcoal from a cord of wood, equal to 371 bushels of 20 lb. to the bushel. This is

lower than the general average, as by careful work 45 bushels of charcoal can be made from
a cord of wood. Yours very truly, Jas. P. Witherow.

The above is the estimate for a furnace of 60 tons daily capacity. We propose Another

now to construct a furnace at the Imperial mine, using equal quantities of How-
®®*'™*''®'

land and Imperial ores, and with the best data I can obtain the cost of production
per ton would be as follows :

5,600 lb. of ore ,§ 2 31

200 lb. of limestone 15

100 bushels of charcoal (1,800 lb. at 5ic.) 5 50

Labor 2 50
Repairs, taxes, etc 1 OO

$11 46

This estimate is based upon the use of a 30-ton hot blast furnace. While we
have not a sufficiency of wood on our own property to cany on the furnace work,
we can get plenty of it from the settlers, keeping our own wood to use in case of
being disappointed in the delivery of fuel. This would enable the settler to clear
up his land at an advantage. Regarding workmen, I may say that the supply of*

skilled workers is not large in this country and we would have to get men either
from the United States or from the old country. Skilled labor is of first conse-
quence, and where failures have occurred in smelting works it will be found that
it has been chiefly due to the absence of skilled labor. With experienced work- Tije value of
men I can see nothing in the way of our undertaking the manufacture of charcoal skilled workmen,
iron in this country. The markets and present prices are satisfactor3^ One-half
of our product ought to be good enough for wheel iron or malleable castings, and
the remainder would be suitable for foundry or milling purposes. At present a
considerable portion of our ore is waste. The ore of the Imperial mine is too poor A furnace would

to ship, but with the construction of a furnace we could utilise nearly all the ore,
^'^^^^^ *^® '^an

shipping the high grade and smelting the low grade.

F. E. Seymour—Personally I have had no experience in mining matters, but
ray father was engaged in the smelting of iron. He came to Madoc from New York
state in 1835 or 1836, and I think he began smelting in the latter part of 1836 or ''''" smelting

1837. He owned the Seymour mine on lot 11 of the 5th of Madoc, about five miles m1"i^!**
north from the village. He worked the property for about five years ; the ore was
a black magnetite. The furnace did not run steadily and I cannot say how many
men were employed. It was a charcoal furnace, and the works were erected in the
village of Madoc in 1836 as I believe. The charcoal was made from elm, maple and
beech. I cannot give the quantity of ore smelted or the quantity of charcoal
required for a ton of ore. I think the iron was at once manufactured into imple-
ments, plows, potash kettles and such other things as were then required by ^^*'"=-

settlers. My father had a foundry as well as the furnace, and they began the manu-
facture of those articles at once. There were several tests or experiments made
with the ore, as it required different treatment to that of ores he had been
accustomed to in York state

; it contained neither phosphorus nor sulphur. I Experiments in
think smelting went on till 1844 or 1845. The experiments were very expensive, smelting.
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but I think the real cause of the stoppage was a law suit, together with the sudden
drop in the price of iron. My father produced very good metal and he said it was
a very good ore to work when he got the proper flux. He mixed no other ore with
it at all, but put loam with the flux, and this he considered to be the secret of his

success.

Joseph Bawden—No attempt has been made to smelt iron ore upon the pro-
perties north of Kingston, but I think it could be undertaken successfully. I think
the opening up of the iron making industry lies in the direction of using water-gas en-
riched by waste timber produce from the lumber region. Smelting might be successfully
entered upon at some milling point where there is a large quantity of waste material.

At the point where the Kingston and Pembroke railway crosses the Mississippi there
is an unlimited water power, and there is an immense quantity of what is now
looked upon as waste material that would answer for the purpose of manufacturing
charcoal and carbonising water-gas, and thus give us means of making iron as

cheaply as at any other place in the world. The use of sawmill refuse for smelting
iron from the ore has been carried on in Sweden. I do not know that it has been
used in connection with water-gas, but it has been for making charcoal. The water-
gas would have to be made as a second product in the manufacture of gas from coke.
It is made by injecting steam over the coke undergoing combustion, and then it is

enriched either by the use of petroleum or gas made from the waste products of the
mills. I understand that Nova Scotia slack coal has been landed here at S2.75 a

ton this year, and American coal at $3.35, including duty I think. The duty would
be to that extent against the use of American coal, I do not think that legislation

can do anything to help the iron industry, but I think we might impoi-t the skilled

knowledge which we have not got here. If we had the aid of experts acquainted
with similar mineral-bearing formations in Europe where there are similar condi-

tions to deal with, as for instance in Sweden and Norway, it would be of the
greatest advantage to us. I think that works could be established at some milling

centre where charcoal could be manufactured out of the refuse and used in the
smelting. Charcoal pig iron, cold blast, commands the best price and there is always
a steady demand for such iron if of high class. The tariff is no barrier against high
class iron, and we could make the best of iron in this country. Such an establish-

ment should have a furnace of 15 or 20 tons a day. There should be a foundry
for iron from ore not suitable for first class pig. The open hearth system could be
used for scrap iron in connection with the ore, and to operate that we could have the
gas from the refuse not made into charcoal. I think the prospects of profit from
such an establishment are very good. Some years ago some of us here coiisidered

the cost of smelting with coal, but my opinion is that we could not enter upon the
smelting of iron at Kingston with American or Nova Scotian coal with economy. I

do not think that even if we had the American tariff it could be done here. We
can ship ore cheaper from here than it can be shipped from the lake Superior
region ; the difference is about 75 cents a ton in our favor. My opinion is that not-

withstanding protection I do not think we could econmically smelt iron ore in King-
ston. My interest would lead me to wish a different conclusion very strongly. I am
referring however simply to smelting. I do not think it would be impossible to

manufacture iron by the open hearth process even without the aid of the tariff

;

much more with the aid of the tariff. But the whole question of the proper
development of iron manufacturing in this country should not turn simply upon
either smelting ore or making steel by the open hearth process. We should
endeavor to establish the industry in all its various branches as well as smelting.
One of the principal factors in iron making is power to crush the refractory ores
cheaplj^, to separate them from certain impurities that yield to certain processes,

etc. Power is also an element in the preparation of wood fuel, and is a valuable
factor in working a rolling mill. In the region crossed by the Canadian Pacific

railway are the great water powers of the Mississippi and the Madawaska rivers,

which could be used as I suggest. The government should secularise the power of

those rivers. Tlieir navigation could be improved so as to make them useful for

bringing ores down as well as fuel. When the rivers are dammed and the power
created, the manufacturing rights could be leased on favorable terms to any who
desire to enter upon the manufacturing of iron. We understand something here
about the preparation of charcoal, having paid $40,000 for our lesson, and we found
out that we could not make charcoal bj'' the process we had at a price to enable us

to make iron. The cause of failure was perhaps more to be attributed to the way
the works were laid out than anything else. They were not so laid out that the

foreman could have them all under his eye and watch the working properly. I
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think the bye-products should be a source of profit. When we started to work the

acetate of lime was four cents a pound ; it then fell to three-quarters of a cent a

pound, and of course at that price it could not be made at a profit. Had we put in a

plant for the manufacture of acetic acid we would possibly have been successful.

The profit on the manufacture of wood spirit is considerable and would have been
a large source of revenue bad the works been otherwise economically managed.
Oordwood was 82.50 and one cord gave 64 bushels of charcoal. We cut our own
wood and it cost us more than that ; we could have bought it a good deal cheaper.
We could make charcoal cheaper by the retort process : we could make it now I

think at seven cents a bushel. As far as the quality of the charcoal was concerned
we turned out an excellent article, and it was pronounced by the Locomotive com-
pany the best they got anywhere. If we could make the charcoal at seven cents a
bushel we could smelt and make money. By a proper system the bye-products
could be largely made to pay for the process of manufacture, and perhaps leave the
charcoal free of cost, or nearly so. In the state of Wisconsin it is manufactured
and taken a long distance for use in iron works. At Binghampton the retort pro-

cess is used for making wood spirit and acetate of lime, and the charcoal is sold for charcoal from
local consumption as fuel. I believe charcoal could be made on the Madawaska mill refuse,

and Mississippi in large quantities. W^hat mill refuse was not used in the manu-
facture of the charcoal could be utilised for enriching water gas for use in the open
hearth process and roasting the more refractory ores. A Pittsburg gentleman told

me that water-gas could be made at three cents a thousand feet ;
you can enrich it

either with gas made from wood or with coal gas. We might use Nova Scotia coal

for making coke and for gas to be used in enriching the water-gas for roasting our
refractory ores, and for use in the open hearth process if free from sulphur. A good
hard charcoal is required for smelting. For the finery fire a soft charcoal is better. Gas fuel in the

Patents have been taken out for smelting with gas, but I do not know that they '"^^^ process,

are in successful use. In what are called the direct processes for reducing the ore,

gas fuel is used altogether, and these processes in point of economy are superseding
all other means of economically manufacturing rich magnetic ores like ours. Pre-
paration of the ore by roasting for desulphurising and making it ' kindly ' or
' mellow ' is essential to the successful treatment of this ore by the open hearth
process. It is best to use the natural resources of the country where they are of a
permanent nature, or where they can be made so by wise legislation ; this I look

gtijjgjn,, t^g
upon as better than any tarift", which is purely artificial. The best thing to do is to natural'

stop the region watered by the Mississippi and Madawaska from being a free grant resources of the

district. The land is poor and all the timber is being burnt off it. That should be
'^°"° ^'

stopped once it is shown that the iron industry can be successfully carried on, rely-

ing on the natural resources of the country. We should learn by the experience of

other countries, and copy the system that has been found to work well in Norway,
Sweden and Austria. In exporting, nothing but the best ore is taken, nothing less t^ . -

than oO to 60 per cenc. , and a great quantity of ore is therefore tlirown into the exporting!""^*

refuse heap It has been found in some instances that the refuse matter will

average 30 per cent. iron. If there were works in the neighborhood of the mine all

this refuse might b ; saved, and we require cheap as well as high priced iron.

B. W. Folger—\ do not think smelting could be profitably carried on in the
neighborhood of the mines. Canada is not big enough to take the output of a A higher duty

furnace, and the duty is just high enough so that it would come in anyway. If the "^g^y^*"
^jj

duty were higher they could make it. 1 think it should be 82 higher ; if we had smelting of coke
that much higher duty then iron could be manufactured here. I am referring to iron,

getting the coke from the States. I do not think it could be carried on at all and
get the coal from Nova Scotia. If there was a bonus of $1 or $1.50 a ton more it

could be done. I never made an estimate as to the price of making pig iron, but ^ ^ e ^a

the Kingston and Pembroke Mining company figured it out. They were figuring \n.r coke iron,

on getting the coke from the States, and it was estimated that the iron would cost

about 817 a ton—from $\b to $17. If the bonus is raised by $1.50 or $2 a ton I

will start a furnace here in less than six months ; of course there would have to be
a guarantee against the lowering of the bonus or the duty for a number of years.

American pig iron sells all the way from $16 up to $22 according to quality. There Selling price of

was some made last year that sold at $15 a ton, but that was poor iron from poor ore. American piar

The American duty is $7 a ton on iron and $14 a ton on steel rails. We cannot
^^°^'

make it as cheaply here as they do in the States. A bonus would be better th;ui an .\ bonus better

extra duty to encourage the iron business here. T think if the Ontario govern- ^^^^ * **"^ **-^-

ment had given a bonus a few years ago there would have been thousands of tons
made in Canada, and there would have been thousands of tons mined where now
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there is not one ton. If the Ontario government would give a bonus equal to that
offered by the Dominion government a furnace would be started even if the duty
were not raised, rolling mills and other factories would follow, and thousands of
people would be employed. It would facilitate the manufacture of many articles-

that are imported now, and I think it would make iron cheaper in the course of

time. If we could smelt ore here we would have the market of this country, and
that is a great deal ; besides, a great amount of ore would be shipped to the States.

We could have sold 50,000 tons from the Wilbur mine if we had it this year. I

do not know of anything that would help more to develop the mines of Ontario
than the starting of a blast furnace at some place between here and Toronto ; and

A smelting J jjiay say that I think it can be manufactured at Belleville or here a dollar a ton

promote mining cheaper than in Toronto. I think it would do a great deal of good also if the
operations. Ontario government gave a small bonus on getting out hematite ore. If smelting-

works were started there would be no difficulty in getting a sufficient quantity of

ore. The miner should receive some help to get what there is under the earth.

The lumberman can see what he is going to get for his money and labor, yet he has

mlner"^
^^^ been helped. Money has been spent by the government to improve the streams for

his use. A bonus to start a furnace would create a great industry.

William Battle—I live at Cleveland, Ohio, and by profession I am a mining
engineer and analytical chemist. All the iron deposits that I have examined in the
region north of Kingston dip to the south-east, and the strike is north-east and south-

Close grained west. The sulphur in some cases in Lanark county occurs all through the mass,
ores containing which is SO close grained that the gases cannot escape. In Norway the ores are of

to be crushed
"^^

^ spongy nature, and the sulphur occurs in cubes in the spongy mass ; the sulphur
is therefore enabled to escape. The ore on the Levant property is badly mixed all

the way through. It could be calcined if put through a crusher, but that would be
necessary. In the district I visited I do not believe there is any sulphur in the ores.

I believe you have a magnificent outlook for iron. I am of opinion that where the
limestone predominates the sulphur and titanium disappear, but where deposits are
strong in iron there is apt to be sulphur, titanium and phosphorus. I have been
intimately connected with the smelting of iron since 1872. I think these Ontario
ores would be easy to smelt, as much so as our ores from lake Superior. For the
smelting of ores here I think the best place to bring fuel from would be the Con-
nellsville district of Pennsylvania. There is ample flux in the immediate vicinity.

I think you have ample supplies of ores here to make the best quality of steel rails,

and in sufficient quantities to warrant the starting of a blast furnace. A furnace
with a capacity of 100 tons a day would be about the most profitable ; I mean one
that would produce 100 tons of pig iron a day. It should have all the modern

Cost of smelting improvements. A furnace which I built at St. Louis of that capacity cost $135,000
plant. completed ; that gave us $1 5,000 capital over and above the cost of the furnace.

The cost of the furnace was really $120,000. You would have to import coke and
fire brick ; that is about all you would require to import, and you would require
about $25,000 for fire brick. Our limestone in St. Louis for flux costs 60 cents a
ton ; in Ohio it costs 80 cents a ton. It is poor work when we use over 30 per

producing pig cent, flux ; that reduces the cost per ton to 25 cents. The ores here carry lime
iron. largely, and I do not think you would require very much flux ; those that I have

examined carry from 5 to 8 per cent. lime. You would therefore not have to use
as much flux as we do in the States, where the ores do not carry any lime. All the
soft hematite ores should carry a great deal of lime, as they are in the lime bed.

At the present rate of freight coke would cost you about $5. 50 laid down at King-
ston, that is with the duty. With improved stoves you would only use a ton of

fuel to a ton of metal. Then put the cost of ore at the rate of $4 for a ton of pig,

labor $1 a ton, wear and tear and interest 50 cents, limestone for flux 25 cents per
ton of 'metal,—that makes $11.25. It would not be more than $12 a ton anyway ;

all over and above that would be profit. It is said that old country people can lay

it down here at $10 a ton and make a profit on it ; if thai is so you cannot compete
against them. If a bonus were granted by the Ontario government it would make
it a matter of interest to come here and put up a furnace, otherwise I do not see

how you can induce people to go into it. Once established I think it would be a

permanent industry, but it would take some inducement. In Cleveland it costs

$14.85, or about $15 in round figures today to produce a ton of pig. The ores I

have seen in this country I do not consider very refractory. I do not think they
will take more fuel then we use for a mixture of one-quarter of the Republic and
one-quarter of the Gogebic ores. 1 do not know anything about your market here,

but I am satisfied that I could make a good quality pig from what I have seen ; and
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from what I have seen I am satisfied there is ample in sight today to warrant any
one in putting up a blast furnace. I am perfectly satisfied that a blast furnace

would have no difficulty in getting all the ore it wanted. I understand the Protection and
Dominion government gives a bonus of ^1.50 a ton ; there must be some other bonus.

inducement besides the duty and that bonus. You must have a high duty before you
build your furnace. I was manufacturing pig iron at St. Louis, selling it at $'^3 a

ton, and making a handsome profit. All of a sudden the market was flooded with

English pig iron brought up the river from New Orleans. Unless you have high

duties here you cannot make your industries thrive or make yourselves independent.

Here is the difference in the labor : a wheeler will wheel a hundred tons in the

United States and it costs S2.75, in England it will cost $1. There must be a duty,

or a bonus high enough to shut out both England and the T'nited States. Scotch

pig in Cleveland sells at S-1 after paying the duty of §7. I think a margin of S6
should be ample encouragement here. I am not in favor of charcoal iron for this ,^, „ , • „

f 1 tT ^ ^ ^ p T-iiii- Cnarcoal iron,
part of the country, lou requn-e several kmds of ore, and with a blast furnace

you make No. 1, No. 2, No. 3, and with rolling mills and foundries you can use up
all the iron in connection with the furnace. There is the largest charcoal furnace

in the world at Black River Falls , and it is a failure. The idea that the bye-pro-

ducts will pay for making the charcoal has been always a failure. It would cost 5

cents a bushel, and it would take about 1 25 bushels to smelt a ton of pig ; that is

equal to 86.25 a ton.

W. H. PFi/Zte—Judging from engineers' reports I think iron could be smelted
in this country if there was a sufficient amount of capital, and if the works were
managed bj^ business men. If such works were put up in the back country char-

coal would have to be used ; there is plenty of wood for that purpose. I had Mr. Estimate of cost

Birkinbine of Philadelphia make a report for us, and the total cost of production °* charcoal iron

according to his calculation would be S12.H5 per ton. I do not know anything about
the cost of producing charcoal, but I think if works were established a great many
farmers would be induced to go into making it.

Wm. Cakhcell—I think iron could be smelted here to a certain limited extent.

We made a calculation some years ago, and the conclusion was that if a suflicient

inducement was offered by the government works would be established. It could
be either charcoal or ordinarj^ coke smelting. But before anything can be done it Encouragement
will be necessary, so as to induce people to put money into it, that a bonus be given of iron smelting

for a term of years—say five years. I do not remember what the figures were when bo/usesTor
1°*^

we went into the calculation, but we thought if the Ontario government gave a term of years,

bonus of 82 a ton and the Dominion the same for five years it would be all that
was wanted. The bonus should be given only to the first, or first two establish-

ments that were started.

H. H. Wallhridge—My brother was thinking of starting a five-ton furnace
and we went to Sweden to see how they manufactured charcoal iron there. We charcoal iron

came to the conclusion that we have better opportunities to manufacture charcoal manufacture in

iron here than they have in Sweden. We are in a better position ; we have hard Sweden,

wood, while they have but pine. I saw the operation of smelting in Sweden but
did not ascertain the cost. At the time I was there, in 1869, they were exporting
iron all over Europe and were importing English iron. One or perhaps two
furnaces might do well in this country, either charcoal or coke furnaces ; the coke
could be brought across. For charcoal iron there is plenty of wood, and we have
better facilities in every way than they have in Sweden. I really never considered
the question of smelting here with coke, but I do not think anything will be done
with our mines till the American duty is taken off.

E. W. Rathbvn—If smelting works were established here we could supply
the necessary charcoal at from six to eight cents a bushel. Our kilns for making Cost of charco&l

charcoal are shaped like the old fashioned beehive ; the capacity of each kiln being for smelting

about fifty ( ords of wood. The vapors which pass over are separated, the con-
^'^''° °^^'

densable are licpiified, while the gas which cannot be condensed is carried back to
the kilns and used for carbonising the wood or generating power in connection
with the works. We waste nothing. From a cord of wood we get fifty bushels of
charcoal, four coal oil barrels of liquid and from 800 to 1,000 f?et of gas. If all B\e-products.
these products are weighed it will be found th-it we have lost comparativelj- nothing.
For two years we lighted our works with gas made from sawdust, whicii u akes a
fair illuminating gas, but the treatment required is somewhat intricate as compared
with coal and oil gas, so that now we prefer to make the latter for illuminating
purposes. We produced sawdust gas at 12^ cents per 1,000 feet. From the litjuid
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produced in our wood distilling works we get wood alcohol, acetate of lime, sugar
of lead, etc. We also make different kinds of liquors used in dyeing, etc. The
Dominion government takes the wood alcohol and uses it in mixing with grain
alcohol for mechanical purposes so as to prevent frauds on the excise. Utilising

the bj'e-products cheapens the production of the charcoal. We have eight kilns,

but it would require about twenty kilns for an iron smelting plant. I think iron

could be smelted profitably with charcoal at 8 cents a bushel. Charcoal varies in

weight from 16 to 20 and sometimes as high as 22 and more pounds per bushel.

The acetate of lime is chiefly exported to England. The bye-products can, we
think, be utilised in this country. We have had some estimates as to the cost of

making charcoal iron, and I think it is practicable to make our own charcoal iron

in Canada. I have no doubt but that it could be manufactured at a profit, and I

think Deseronto is favorably situated for the starting of that industiy. The dis-

tance to haul the ore is not great and the freight cannot be much ; there is plenty
of flux, and the shipping facilities are of the best. There is no reason to prevent
charcoal being manufactured for a time as cheaply at Coe-hill as here if works
were once erected there of the proper character. I would not undertake to produce
charcoal here at 7 or 8 cents a bushel without taking into account the bye-products.
We can supj^ly charcoal suflicient for two 15-ton furnaces. I understand some
furnaces of that capacity are producing iron as low as 814 per ton. With our
system I should advise a plant running up to a minimum of 20 tons a daj'^, and 20
to 25 kilns would supply the charcoal for it. We could surely supply one furnace
anyway, and if any point in this section of country could sustain two this is the
place I think. The cost of making the iron can no doubt be figured out pretty

accurately. I believe there is charcoal iron enough used to keep more than one
furnace going, but I have not gone into the details closely. Charcoal blooms could

no doubt be manufactured with reasonable profit. I cannot say whether further

encouragement in the way of duty or bonus is required to induce the starting of

smelting works ; I have been under the impression that the government was very
liberal in the matter of encouragement to iron smelting. The matter has not been
a question of vital importance to me, and I do not wish to give an opinion on a

matter I have looked into so little.

Thomas Ledyard—I have a letter from a high authority who resides at Pitts-

burg, Mr. J. P. Witherow, in reference to the cost of manufacturing charcoal pig in

such a place as the old Belmout mine. He made out that the pig could be j^ro-

duced inside of $10 a ton ; that is the actual cost. He estimated the necessary

capital of the company at §150,000, the plant of which would include a Clapp-
Grifliths converter capable of producing steel at 814 a ton, and he put the piice of

the charcoal at 6 cents a bushel. If we had free trade with the United States I

do not see why Toronto should not be an excellent point for a coke furnace. The
principal cost is in the ore ; less than a ton of fuel will make a ton of pig. We
want the American market ; there is no encouragement to put up large and expen-
sive works for such a small market as that of Canada. Mr. Mills of Michigan
says that to his knowledge three blast furnaces would be started in Canada as soon

as the American duties were removed. If we had free trade we could manufac-
ture iron here cheaper than in the States. We could deliver the ore at Toronto,

supposing the company to own the mines, at 82.25 per ton—81-50 to mine it and
75 cents for freight. If the furnace proprietors did not own the mine then 50
cents per ton would be a fair royalty. In Chicago good Bessemer ore is 35.25 to

$5.75 ; they use Connellsville coke, and I think it could be delivered here a little

cheaper if there were no duty. With the fuel as cheap and the ore at half price

we should stand a good chance if we had the same market. The great difliculty to

contend with here is the English competition.

TJiomas ShoHiss—In 1872 my partner and myself examined lot 20 in the 1st

concession of Snowdon; it looked well and we bought it and opened it up. Ore
was afterwards taken out and shipped to the States, but the duty killed the trade.

Tests by the diamond drill showed over half a million tons of ore at this mine. I

induced Messrs. Parry and Mills to look at this property ; they tested with a drill

to a depth of 300 or 400 feet and were well satisfied. They erected smelting works,

but as everything was about completed they ran out of money. Every effort was

made to induce people to advance 810,000 upon the security of the property, but

no one could be got. Our people do not believe in the country ; they do not believe

that our ores will smelt into iron at all. If Parry and Mills could have got §10,000

the furnace would have been started ; all they wanted was the money to line the

furnace, but they could not get a dollar. At the time the endeavor was made to
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get the $10,000 on the security of the property there was between $50,000 and
$00,000 invested. Charcoal iron could be made at $12 per ton. I will furnish you
with Mr. McCorquodale's letter on the subjecc. He is the manager of large smelt- Cost of produc-

ing works in Michigan.* I think the present protection and duty are ample, ^^^j^
arcoal

There is plenty of ore and it is good enough, but taking it altogether it is lean,

from 52 to 54 per cent. ; that is rich enough for furnace purposes. We could
undersell English iron and there would be a good market in Canada for it if sold A government

cheap enough ; but in addition we want the American market to sell our ores. We
demonstrat

could use up our poor ores and ship our high grades to the States. If the Ontario enterprise

government would start a smelting furnace it would show what could be done with suggested.

our ore. Such a furnace should be erected where there is both ore and timber.
The cost would be about $100,000. Charcoal could be made for four cents and it

would be ready money for the settlers.

George A. Shaw—I was connected with an iron enterprise in Marmora some pg^j^jgy^ ^^
years ago, and we tried to smelt ore with petroleum, but we could not get any fire- furnace fuel,

brick that would stand ; that is about seventeen years ago.

T. B. Campbell—I do not know anything about the cost of charcoal smelting,
but I think the country in Victoria and Haliburton is well adapted for that business. .

There is plenty of wood, flux and ore, and it would be safe to say that, hardwood region for

could be obtained at $1.50 a cord. Take a selected 5,000 acres and it would jaeld charcoal

about twenty cords of wood to the acre. It would require a large area to keep a ^™^ ^^'

furnace going twenty-five or thirty years.

Henry Graham—It was the intention of Parry and Mills to use both hard and
soft wood in the manufacture of the charcoal. There are considerable quantities
of beech, maple, birch, hemlock and elm and a little poplar in our district. I jnnj'u^er"*^
think the calculation they made was, that it would cost about $16 a ton to manu- taking,

facture the iron—that is, calculating to bring part of the ore in to make sure of a
supply. Parry and Mills thought, if they could get 5,000 acres of wooded land,

that this with what they could get from the settlers would ensure them a supply.
This industry would be a great advantage to the settlers who are a distance from
the railway, as they could make charcoal from their wood and sell it, instead of Value of the

now having to burn up the timber. Those near the railway can sell, and it is smelting

shipped to Toronto. A good deal of wood is being burned in the clearmg up of the sett"eref

°

country ; half of it is too rough for the city, and that could be made into charcoal.

*At the date of writing Mr. McCorquodale was superintendent of the Jackson Iron com-
pany's furnace in Delta county, Michigan, and had held that position eight years. Under date
of April 8th, 1885, he wrote Mr. Shortiss in reference to the contemplated erection of a smelting
furnace in Haliburton as follows :

" Should the furnace be erected in or near Sniwdon it

will make a big boom in iron mining. We are running our stock here, making 50 tons of iron
per day, with a consumption of 112 bushels of charcoal per ton— half soft wood coal. With
•all hardwood charcoal we can make iron with 95 bushels per ton. Our coal costs S7.05 per 100
bushels and we haul it an average of eight miles—the greatest distance to haul being twelve
miles and the shortest four. Our iron costs $17.57 per ton, as follows : Ore, S7.75 ; char-
coal, $7.90 ; limestone, 25 cents ; labor and office expenses, $1.67. Our ore yields 62 per
cent, and takes a little over 1^ tons to make one ton of iron. With the Snowdon ore, which
if I remember averages 55 per cent. , and with hardwood charcoal, I am satisfied that iron
could be made at $12 per ton, or say :

2 tons of ore at $2.50 $5 00
100 bushels charcoal at 5c 5 00
Limestone 25
Labor and expenses same as here 1 67

Making a total of $11.92. 1 am sure the ore will not cost $2.50 delivered at the furnace.
Coal can be had for less than 5c. per bushel ; we do it for that here and haul the wood from
three to four miles. It is the long haul from the most distant kilns that runs the price up to
7c. or a fraction over. It will require 35,000 to 40,000 tons of ore to run a furnace for a vear,
and that will open up a great many mines. . . I have just looked up the stock book and
find that our ore costs us here $4.84 per ton." Under date of May 3rd, in the same year, Mr.
McCorquodale wrote a second letter from which the following extract is taken :

" The coun-
try in this locality has much the same general character as in Snowdon. Only the shores of
the lake and bay had any settlers before this company started, and they made fishing their
business. Since then, as the wood was cleared off, settlers have come in and they raise coarse
crops, such as potatoes, turnips, hay and oats, all of which is purchased by the company
during the winter. Those settlers turn out and cut our wood, for which they are paid cash
or trade in the company's store, as they please. Our wood for the year is all cut now and
the settlers are starting to work on their farms. We are paying 60c. per bushel for potatoes,
for which if the furnaces were not in operation they could not get one cent. Our aver:vge
monthly payments per annum are for all kinds of work $7,661 ; for wood cutting the aven^ge
is $1,317 per month. As I remarked, if the furnaces were not in operation the farmers could
get sale for nothing ; in fact thej' would be compelled to leave or starve."'



396

Arthur Harvey—In reference to the smelting of iron, there are two ways of

doing it— I'n the front with coke, or in the back country with charcoal. There is

a new system in use in Russia for the manufacture of charcoal iron. It appears to-

be the most economical and best way yet devised. Mr. James Lobb has corres-

ponded with some parties in Russia about the matter and can show you the letters.

James Lobb—I am a commission merchant residing in Toronto. 1 deal in

metal to some extent. I produce correspondence with some Russian parties for

whom I am the Canadian agent in reference to charcoal iron. Polished Russian
iron is worth £28 lOs. a ton, delivered in Montreal. The retail price is about lie

a pound. It is used for the best class uf stovepipes and small stoves. I am
informed by an expert that the manufacture of sheet iron of the same quality as the
Russian sheet iron by the use of the Husgafvel furnaces would be quite feasible

here, the deposits of iron ore in both countries being of the same character.

H. S. Howland—I do not see why it should not pay to make charcoal iron.

Speaking from memory the cost of making it, as stated by experts, would i)e $14 a
ton. That is supposing the works to be erected at Snowdon, where there is plenty

of wood. That is the short ton and does not include bringing the ore any distance ;

but 1 understand there are two kinds of ore that would suffice to mix. The men
who made the estimate had been manufacturing charcoal in M ichigan. I think it

would be wise to make a grant of land or timber to a charcoal furnace, or to do
something that would induce capital to go into it. There would be a limit to the

market, but I think charcoal iron would to a great extent take the place of other

iron.

Frederick Miller—When I first came to this country, some years ago, I drew
attention to the cost of smelting iron here as compared with Sweden and some
parts of Germany. I extracted a large amount of information from the report of

Mosler to the Prussian government iu 1865. The cost in Sweden and some parts

of Germany was 810 and $10,50 ; here 813. In Sweden the wood they have is-

jackpine and birch, the principal wood being jackpine. There they used 117
bushels of charcoal to the ton. In the Hull works, near Ottawa, I think they

estimated the cost at 821 or 822, but they used 225 bushels there to make a ton.

Their furnace was not })roperly built. If there is plenty of charcoal to be had, and
if the ore is handy to the mine, I think under present circumstances it can be pro-

duced in Canada for 814 a ton. I believe there is a great future for the mining
industry of this country. The lead-smelting has been ne>ilected. I have had many
years' experience in that line in Germany and I think it could be worked to great

advantage if we had the capital. One of the great causes of all our failures in this

country has been stock-iobbing.

John A. Barron—I reside at Lindsay. I think it is a most important matter
that something should be done in the interest of the back country to develop the

iron mines. The land in the back country is but fairly good and the main depen-
dence of the settlers has been on the lumber. That is about exhausted now and
cannot be counted upon any longer. The development of the iron industry would
support an intelligent and thrifty population. There is a very large quantity of

wood being wasted that would answer to make charcoal, but plenty is yet left for

that purpose.

R. E. Bailey—li is well to be cautious about erecting expensive works and
machinery till the property has been thoroughly explored ; many failures have
resulted from too great an expenditure at first. As far as Americans are concerned,

if they were satisfied it would pay them better to mine here than in the United
States, I think with very few exceptions they would come over ; with them it is a

mere matter of business.

A. J. Gattanach—1 think the government should assist in the erection of

Government aid smelting works—iron smelting works. The best way to do that would be by grant

to responsible people. Personally I do not know anything about smelting, and
therefore cannot say whether the present bonus and duty are sufficient protection.

J. H. Bartlett—I reside in Montreal, but was born in England and educated
there as an engineer. I am a member of the Iron and Steel Institute, of the

Institute of Mechanical Engineers and various other engineering societies on this

continent and in England. I have lived in Canada for the last IT years and was
for some years managing director of the Toronto Bridge works. I know the pro-

vinces (if Nova Scotia, New Brunswick, Quebec aud Ontario, and have been in

Prince Edward island and Manitoba. For the past four or five years I have made
a special study of the Canadian iron trade. In 1885 I published through Messrs
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Dawson Bros, of Montreal a pamphlet of 167 pages on the Manufacture, Con-
sumption and Production of Iron, Steel and Coal in Canada, [n that work an
•account of every attempt to manufacture iron in Canada is given, together with
statistics of the Canadian iron trade in great detail. These statistics have been
accepted by the Dominion government as their standard authority on this subject.

After a short account of the processes in the manufacture of iron I go on to show
how all the countries of the world which today are iron producers have succeeded
in establishing this industiy. I was led into the study of the subject gradually at

first by having to make a professional report in 1883 on some deposits of iron ore

with a view to the manufacture of iron and in order to ascertain if the erection of

iron works was advisable. Enquiry was made as to the extent of the domestic con-

sumption, but satisfactory information was not obtainable, the only official publication

being the trade and navigation returns of the Dominion. It required a very con-

siderable amount of patience and perseverance to extract the desired information,

and having by this time become thoroughly interested and impressed with the

importance of the subj ect to the Dominion generally my labors were continued with
the result before named, and the sequel is seen in the recent changes and readjust- xhe customs

ment of the Canadian customs duties on iron. The provinces were confederated in duties on pig

1867, but until 1879 pig iron was admitted free of duty. The failure of the various
''**°"

attempts to make charcoal pig iron and blooms is clearly attributable to the want of charcoal iron,

protection. Many of the attempts were made early in the century and the operations

were of the smallest dimensions, but both in Ontario and Quebec this industry
flourished in early days until competition with imported coke pig iron made it

impossible. Iron rails have been rolled both in Toronto and Hamilton, but the
•change to steel rails and the lack of protection has closed that branch of the trade.

A considerable trade is done in Canada in re-working old material, and there are

now a number of rolling mills in various parts of the country which re-work scrap.

This no doubt is a step in the right direction, but the real prosperity of the country
will not be achieved until the iron we consume is largely produced from minerals
dug out of Canadian soil. Only one attempt has ever been made to manufacture qq^^^ iron,

coke pig iron and bar iron out of Canadian minerals, and the possibility of doing s©

has been proved. The quality of the article in both cases is superior to that imported
and commands a higher price, and it is very satisfactory to know that since the
adoption ot the new iron duties this one company, now the Londonderry Iron Co.,

has had all the work they can do. The following figures show the imports into

•Canada for home consumption :

Canadian con-
sumption of

iron.

Year.
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value of the imports of iron and steel ; second, the balance of trade against Canada
and the proportion thereof due to iron and steel imports ; third, the consumption,
per capita of the population of iron and steel imports ; fourth, duties paid per capita
on these imports ; fifth, total consumption of coal in Canada ; sixth, total production
of coal in Canada, These diagrams were distributed to members of the House of
Commons at the time of the delivery of the Budget speech in 1887 and are pub-
lished in the appendix to the speech. Sir Charles Tupper stated, and I am convinced
that the figures he used had been very carefully prepared and were correct, that
apart from steel rails our present consumption was equivalent to 250,000 tons of pig

iron per annum ; this in my opinioii is safely within the mark, and would require
ten blast furnaces of good size for its production. But this is not all foundry iron,

only 25 to 30 per cent, of this quantity being required to take the place of iron now
imported especially for foundry purposes. I mean by a good size blast furnace one
to make 100 tons per 24 hours, or to average 25,000 tons per annuni. This is a much
higher average than the blast furnaces in England, wherein the year 1882 there were
570 furnaces in blast and 285 out of blast. The 570 furnaces made 8,500,000 tons
of pig iron, or an average of 15,000 tons per furnace. On this basis it would retiuire

16 blast furnaces to provide for the Canadian market. In the statistics I prepared
the imports of iron and steel for home consumption are classified under seven heads,
which in a general way represent the amount of labor expended upon the material.

These are : (1) Iron, which includes scrap, pig, blooms, puddled bars, merchant
bars, .rolled shapes, plates, sheets, hoop, band, wire rods, wire and tubing. (2)
Steel, including ingots, bars, rods and sheets. (3) Rails, including rails steel and
iron, frogs, etc. (4) Castings and forgings. (5) Cutlery and edge tools. (6) Hard-
ware and manufactures. (7) Machinery and engines. The average weight of finished

goods classed under the first three heads, viz., iron, steel and rails, for the ten years

1875 to IbSi amounted to over 200,000 tons per annum. Under cutlery and edge
tools are included many other articles such as axes, scythes, hoes, rakes, forks, spades,

shovels, files, rasps, etc., most of which are now made in Canada out of imported
iron or steel. It must be borne in mind that all the articles are derived originally

from iron ore, and by the application of labor and fuel they are gradually converted
stage by stage into the finished article or machine ; at every stage there is also a

considerable loss of weight. The equivalent in pig iron is the original weight of pig

iron required. For the seventeen years 1867 to 1884 the totals of imports by classes

were : Iron, 875,179,153; steel, §9,938,614 ; rails, $48,068,618 : castings and forgings,

89,703,717 ; cutlery and edge tools, 810,742,331 ; hardware, etc.', 847,926,637 ;

machinery and engines, 829,182,414,—making a total of 8230,741,484. The valua-

tions are the invoice values at the place of manufacture and shipment, and do not
include anything for freights, charges or duties. The item of freight alone is a very
important one, as from four to five tons of minerals are required for eveiy ton of pig-

iron made, and pig iron is the first process or raw material for all subsequent pro-

cesses. I am interested in some extensive deposits of iron ore in the county of

Pictou, Nova Scotia. The conditions there are very similar to those at the new
iron centre in the United States, viz., Birmingham, Ala., except that Pictou is right

on the Atlantic tide water, while Birmingham is 350 miles distant from the sea.

The situation at Pictou combines ^ railway centre and good navigable tide water, a

well settled cultivated country with good road< and plenty of labor, four varieties of

iron ore in very large deposits occurring only about six miles from the Pictou coal

field, from which half a million tons of bituminous coal are mined annually. In
addition there is an abundance of limestone, besides gjqisum, freestone, sand, brick-

clay and fire-clay. Mr. Selwyn. director of the Geological Survey of Canada, states

that Pictou county is as favourablj'^ situated as are the best iron producing districts

of Pennsylvania, and that it presents greater facilities for manufacturing iron pro-

fitably than are to be found in any other part of the Dominion. When in England
last spring [ interested some very prominent and wealthy men connected with the

iron trade there, and they would have taken the matter up and invested £300,000
in a large plant for the manufacture of pig iron and steel rails provided a duty was
imp,"sed on the importation of steel rails and an order for a certain quantity

guaranteed. I laid the matter before the Dominion government, but they were

unable to see their way to any arrangement and the project was not carritd out.

Steel rails are now and have always been free of duty. Since 1867 Canada has spent

about 850,000,000 for rails alone, and the people of Canada have contributed during

that time 8165,000,000 to assist in the construction of railways. It seems reasonable

to suppose that the country would have been better off if this amount of money for

rails had been spent in wages in Canada. In the United States when railways have

been subsidised by the government it has been specified that the rails were to be of
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American manufacture, and in some cases not only the rails but all the other iron

used in the construction and equipment. The Union Pacific the Northern Pacific, ^"nited States,

the Atlantic and Pacific and the Texas Pacific had to use American rails. In subsuiising

Canada we have now about 13,000 miles of railway, but no rails are made. No railways,

other country in the world can make such a showing. In all cases other countries How other

have succeeded in establishing iron industriesby protective duties, bounties and sub- countries have

sidies or concessions. Take England for example. In the year 1800 she produced fndustries.
"^*"'

130,000 tons of pig iron ; in 1850 this had increased to 2,500,000 tons. Now let us

notice the protective duties which were in force from 1800 on such an article as bar English duties

iron. In the year 1802 the duty was $18. 35 per ton ; in 1803; $20. 52 ; 1804, 821. 19 ;
*>n ^^' '"'''^

180.5, $24.75 ; 1806 to 1808, $26.15 ; 1809 to 1812, $26.72 ; 1813 to 1818, $31.59
;

1819 to 1825, $31.63 if imported in British ships, but if imported in foreign ships

$38.56. Iron slit or hammered into rods less than three-quarters of an inch square,

$93.33 per ton ; wrought iron not otherwise enumerated for every $486 of value,

$243.33 per ton ; wire not otherwise enumerated $577.92 per ton ; hoop iron $115.58.

In 1826 these duties were reduced and in 1848 Avere abolished, but in the meantime
the industry had grown to such an extent as to control the iron trade of the world.
All other countries have the same tale to tell. In the United States, France, Ger-
many, Belgium, Russia, Italy, etc., the governments have recognised the vital

importance of this industry to the welfare of the community and have taken such
steps as have been from time to time found necessary to ensure its growth and
success, and when the people of Canada come to rightly appreciate its importance
they too will insist upon the industry being established in the Dominion. The importance of

timber in this country is being rapidly cut down and all the various industries con- the iron industrj-

nected with it must in time gradually disappear ; wooden ship-building, once such |° succeed the

a large industry, is now almost a thing of the past ; and what is more natural than
that with the disappearance of our forests attention to our mineral wealth should
increase, and steady, continuous employment be given to our people in mining iron
ore, coal and limestone, making charcoal and coke, smelting the minerals into pig
iron and working this up into the various shapes and articles ? The vast amount of

money required for plant and machinery, the army of men to whom employment
would be given, the amounts of money paid in wages, the increase in both rail and
water freight, and the increased inter-provincial trade which must ensue, make this

subject of vital importance to the permanent welfare of the Dominion.

William Gerhauser—I am secretary and treasurer of the Union Iron company,
established in this city in 1872. The subscribed capital is $200,000, all paid up. co'mpany^ of

We are employed in the smelting of iron ores from charcoal and our output is Detroit.

12,000 gross tons per annum. We smelt specular, hematite and magnetic ores in
the proportion of 40, 40 and 20 per cent., the supplies of which are obtained from

fron^ore^a'nd
the Marquette district of lake Superior. It is delivered at our works by boat during charcoal,

the season of navigation, commencing the 1st of June and ending the 15th of
November. The specular ore averages 66, the hematite 56 and the magnetic 62
per cent. The hematite when dried at 212" yields about 62 per cent., but we put
it in the furnace in its natural state, with free moisture. The ores cost us this year
eight cents a unit delivered at our mills. We make charcoal at five points in the
state, the nearest of which is 80 miles and the farthest 185 miles from Detroit.
They are all situated on lines of railway convenient for shipping. The coal is made
in round kilns, two-thirds of the product being from hard wood, maple and beech,
and one-third from elm, black ash and soft maple. The cost of wood ranges from
$1.25 to $2.25 per cord, and averages $1.60 for hard and soft. It is bought fram
the farmers, who deliver it at the kilns corded up. One cord produces on an averao-e
45 bushels, weighing 20 lb. per bushel ; the hard wood will produce 50 bushels same
weight, soft wood 42 bushels. It costs at the kilns about 5|c. a bushel and 7^c.

Cost of charcoal,

delivered at our works. Our annual make is 1,000,000 bushels, the whole of which
is consumed in our smelting works. From 85 to 90 bushels is required to smelt a
ton of iron. We use a charge of 1,600 lb. of ore to about an average of 740 lb. of TrTand co^aHn
coal, and the time it takes to run through the stack depends on the capacity of the a charge,

stack and the speed with which it is driven. The jjroduct of this charge is about
960 lb. The limestone for flux is got near the city and costs $1.25 per ton, but only
three per cent, is required. Our iron is made expressly for car wheels and malleable
iron. Its analysis shows for our best grade, silicon 0.980. phosphorus 0. 186, and
sulphur 0.017. This does not bring it within the Bessemer limit, which is one-
tenth of one per cent, in the iron. AVe sell the bulk of our make in the United
States, but we also export to Canada. In 1887 there were exported from Detroit Exports to

5,288 tons, all of which it is safe to say went to Canada. Our average selling price C-uiad*.

this year has been $19.52 cash per ton of 2,250 lb. f.o.b. ; last year it was probably
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a dollar a ton higher. Canadian purchasers buy at the regular prices here and the
Canadian duties are paid in addition.* I managed smelting Avorks in Baltimore
from 1870 to 1883, and there we used ores largely imijorted from Ireland. Spain,

Elba and Africa, i^ome of the Irish ores were as high as 7 per cent, in titanic acid,

but they were mixed in very small quantities with the cleaner ores. We have used
Canadian ores which gave us good satisfaction, but the ores we now use answer our
purpose as well and are cheaper by the rate of the duty. We employ about 30
men at the smelting v>'orks ; two engineers at 82 a day, 2 keepers at ^1.75, 2
helpers at $1.60, 2 stockweighers at $1.60, 2 top-men at $1.60, 4 coal men at $1.60,
blacksmith at $1.50, carpenter at $1.50, and 14 yardmen at $1.45 a day. At the
charcoal kilns the work is done by contract, about five men to a plant, and they
are paid Ij. cent per bushel loaded on the cars ; we pay for wood, plant, horse-

feed, etc. Our dail}' output of pig is 35 tons and we work the year round. This
year we had expensive repairs to make and the furnace was out of blast about two
months. This statement is for a normal condition of working, but things sometimes
go wrong and repairs are expensive. For the last five years we lost about four

months' time in making repairs.

George Hope —I am a member of the firm of Adam Hope & Co., hardware
merchants, Hamilton, engaged in the importation of iron. We import both Scotch
and English pig. The Scotch pig was laid down as low as $19.50 this year ; that is

equal to $14 and the duty added. We have laid down some good brands of Scotch
at $13.50 which with the duty would be about $18—that is the long ton. English
pig costs laid down here about o4s. 5d., equal to about $13.50. That would be
equal to about $18 duty paid. In June the English and Scotch market was
depressed. Last year the price would be about one or two dollars more ; 54s. 6d.

was the lowest we laid down No. 1 English, and 56s. 6d. the lowest for No. 1

Scotch. We do not import charcoal pig at all. There would be no fear of competi-
tion from England and Scotland for that class of iron. What is used comes from
the Detroit furnaces, none from the New York furnaces. The price in Detroit

would be about $21.50 the long ton. In Hamilton about 15,000 long tons of iron

is used every year. Two or three establishments have gone into manufacturing
water-pipe and they use a great deal of iron. No charcoal iron is imported from
Great Britain that I am aware of. We imiiort considerable English hematite.

That is a superior quality of ore and is used for such purposes as strengthening
castings for machinery and for making malleable castings. For making car wheels
charcoal iron is used altogether, the supply of which comes from American furnaces

and from the Three Rivers furnace in Quebec. There are four car wheel foundries

in Canada, at St. Thomas, Montreal, Lachine and here. The Three Rivers iron

is manufactured from bog ore. I do not know anything about the quantity thej'

make ; it is very limited, but they make a magnificent quality.

William Copp—The firm of which I am a member (Copp Brothers) is engaged
in the foundry business We have been in business at Hamilton since 1849, but
not all the time in the foundry business. There is about $200,000 invested in our
business now. We produce stoves, furnaces, grates, agricultural implements and
steam engines. The value of our yearly output is about $160,000. We use the

best brands of iron, the Coltness, Summerlea and some of the Londonderry.
They cost us about $23 the long ton. We mix a quarter of the Londonderry, as we
cannot use it by itself ; it does not make clean work, being a slaggy iron. Perhaps
it is a little stronger than the others, and I think it adds to the strength. We
do not use charcoal iron at all, but I think we ought to as it makes the best malle-

able castings. 1 think it could be made in Canada. In Alabama they are pro-

ducing charcoal iron at a very low price ; I understand that from a gentleman who
makes a great many car wheels. I think he saiil they were producing it at $13 a

ton. I thought the question worth looking into and I cannot see why, with our

iron deposits, our wood and intelligent labor, we should not be able to produce

our own supply. I think a good deal of charcoal iron would work in for stove

plates as well as for car wheels ; I certainly think it would be a great advantage.

We buy our iron ; we do not import ourselves. We use from 700 to 1,000 tons of

pig according to the season. There is a large quantity used at the pipe works. I

suppose outside of the pipe works 5,000 tons a year is used in this city, and it

might possibly go to 6,000 tons. I think they work the common brands of English

* This makes the price to the Canadian importer plus the duty exactly $24, to which the

cost of freight must be added.
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at the pipe works, and some of the low grades of Scotch. It would be from 83.50
to $4 less in price than ours. I think if we used one-third charcoal we could use
English and low grade Scotch iron and turn out a strong nice plate. Of course
that would have to be experimented with. It seems to me strange that some person
has not started the manufacture of charcoal iron in Ontario. My impression is that

it would not cost more than half as much to start a charcoal furnace as it would to charcoal iron

start an anthracite one, and the iron could be made in smaller quantities ; I think it smelting a

would be a safer investment. I do not see why we should not manufacture it as
pronwsing

cheaply as they do in Alabama. The Three Rivers iron is very good and strong, but we
never work any of it There was a furnace at Ottawa at one time, but it was an ill-

advised enterprise. At that time they had to compete against the cheap Scotch
and English iron, and we were buying the Scotch delivered here for S18 ; that

was the best grade. VVe make a very much finer plate now than we did then, and
we require the best iron we can get. At that time the duty was 81.50 a ton. I

think it is an industry the government should stimulate in some way. I think the
best way would be to give a grant of $50,000 ; it would be better than a bonus to

some of those useless railways. The surroundings here are very similar to those oi ^ ^ ., . ,

Sweden, and there they manufacture charcoal iron well and cheaply ; it would be try might be
well to look into thfir system very carefully. If our machine men used more stimulated,

charcoal iron in their castings they would be of a bett-r class and it would be
better for the countr)\ As soon as it is established that charcoal iron makes better ^^^ 9^ charcoal

work we will all be willing to pay more for it. We really produce better plate
'"^'

h'ere than they do in New York, but the best is produced in the New England
states.

Adam Laidlnw—I am a member of the Laidlaw Manufacturing Co. of Hamil-
ton ; we manufacture stoves, furnaces and brick machines, and our capital is

•^30,000. I have been in the stove business seventeen years. We use a considerable
•quantity of pig iron, between 400 and 500 tons a year. We use a little of the
Londonderry, but the greater part is Scotch. Two years ago we used a quarter of

the Londonderry with the Scotch, but this year we have not used any at all. It is TheLondon-
-a good, strong iron, but it seems hard and I don't like it for stove plate. We only derry iron not

use Xo. 1 iron. The Londonderiy pig is worth about §23 here. Summerlea is the suitable for

principal brand that we use, and that is worth S23 ; it has not been higher than
$23. I bought early in the season for §21 the long ton. We are using a little

English iron this year ; it is not as strong as the Scotch. I think the difference is

•due to the quality of the ore. but I do not know anything about the manufacture
•of pig iron. I think we could use charcoal iron mixed with the Scotch ; it would „, , .

'^ - . . . . . -f
. . . '. Charcoal iron

•Strengthen and improve the castings. 1 have not gone nito the matter and cannot would
say whether it could be manufactured here. There are eight foundries in the city strengthen and

and they will each use about 500 tons a year on the average. We employ about e^inl|.
fortj- men. Machine moulders make about 82.25 a day and stove moulders by
the piece from 82 to 83.50 a day. We shut down about Christmas and stop for Labor and
about six weeks or two months ; that has been done only these last four or five wagee.

years.

H. A. Massey—I am a resident of Toronto and engaged in the business of

manufacturing agricultural implements. For making gray iron we use about 2,000 ,,•..•
tons of pig. For malleable iron we will have to use 800 or 1,000 tons of pig, and castings,

that must be charcoal iron. For our castings we use Scotch iron and some Canadian :

we mix them. We sometimes use one-half Canadian, but do not care to use more
than a quarter or a third. I use the term gray iron as referring to the iron as it is

^made into castings from the pig. We use from No. 1 to No. 4. I cannot
tell the amount of pig iron that is used in Toronto, but I do not think much charcoal
iron is used. I think that at Oshawa they use from 2,000 to 3,000 tons of charcoal
iron for malleable castings. A large quantity of charcoal iron should be used in

making car wheels. Scotch pig runs from 818 to 822 the long ton. It has not Prices of Scotch

been less than S18 for some seasons. The highest price is in the fall of the year. *"*i London-

In the winter it would of course cost more. The Londonderry- costs from 8i9 to
^'"'^ t^'? "°'*-

821 according to number of brands. Charcoal iron is imported from Alabama,
^,J^r,^,\^"ir

Cleveland and Detroit. At the works at Detroit it runs from 819 to 821 the gross
ton. The duty is 84 the net ton. The freight from Detroit is 82 a ton. The
Alabama costs something over 830, duty paid. The last quotation was 826 per long
ton at the works. It is a better iron than the ^Michigan, Ijeing very like the Salis-

bury. The Salisbury costs about 836 a long ton delivered here. We have not
bought any of that iron recently. In Alabama I think they use any kind of wood
ifor charcoal, but hardwood is the best. If Canadian charcoal iron could be pro-

26 (m C.)

charcoal iron.
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duced for a little more than Scotch or Londonderry, no doubt we could use it for

nearly every kind of iron we want to make. It makes a stronger and better casting,

and it would be simply a question of the cost. For machinery castings we want the

best iron, and the expense is what has kept us from using charcoal iron. I would
take charcoal iron at $24 a ton rather than imported iron at f22 ; I would consider it

would be $4 a ton more valuable. Charcoal iron at S4 a ton more would command
the market for all strong castings ; we could use 2,000 tons of it. I do not think

the makers would go to the extra expense for pipe. They might do something

more for charcoal iron in the stove trade. The manufacturers of agricultural

implements would use it ; and if one used it and made better castings, competition

would compel the others to do likewise. The cheapest charcoal iron at present

imported costs $28 a ton, and if the Canadian were less than that it would com-
mand the market for charcoal iron. In order to encourage the manufacture of

charcoal iron I am in favor of granting a bonus for a number of years. I would
recommend a bonus of $2 a ton in addition to the present bonus and duty. But
if it can be shown that they could make a profit of f6 a ton at ijresent, then no
further bonus should be granted. The cost of making it can easily be figured out

by those who understand the business. I do not believe that in Michigan they

make $6 a ton. I think they would be well satisfied to make $3 a ton. I think a

great deal of iron is made at §10 a ton in Pennsylvania, and for less in Alabama.^

The (question of making steel is more important than anything else in Canada. We
have great difficulty in getting the steel required for agricultural purposes here.

The works at New Glasgow turn out good steel, but they cannot make the (piantity

required in the country. It is important that something should be done to encour-

age the manufacture of steel. We import some from England, and some from
Johnstown, Pennsylvania. They supply at Johnstown an article quite as cheap

as in England, but it is of better quality. There are but two parties in the States

that make the cold steel, and they charge about 25 per cent, more than the English,

but it is far supei'ior. It is made as true as if turned in a lathe, and wears better

than if turned. We have been trying to get the government to take the duty off

cold steel, or to get some one to manufacture it. I think the business in Canada
would pay. It would take a very large establishment to supply the recpiirements

of the country in that line of goods. If there is anything that should be encour-

aged it is the manufacture of steel. Charcoal iron is in the right direction, but

steel is he most ijnportant.

Jolm Stewart—There are workable quantities of gold, copper and lead ores

that might be utilised in smelting processes. The difficulty is to get cheap fuel,

and we have that iu this country. The heavy refuse from the .''aw mills could be
made into charcoal for smelting purposes, while tlie sawdust from the mills could

be converted into gas and used as natural gas is used, and we would have the best

fuel for roasting our ores. We could smelt our gold, lead and copper ores, and use

pyrites for making sulphuric acid to treat our phosphate instead of shipping it in

the raw state. There are large quantities of pyrites between Ottawa and the

county of Hastings, some of which hold a little arsenic and some do not. The
phosphate country along the Kingston and Pembroke railway has not been developed

to the extent that the Quebec region has, the trouble being that they have not had
as good surface showings, but it is a very promising country. In Portland there is

phosphate that occurs almost like rock ; it has a fracture and resembles square

pieces of red syenite. I certainly think we have enough pyrites between the

Ottawa river and Hastings county to treat all our phosphates and to export besides.

I think that charcoal should be used for the blast furnace and gas for roasting and
re-heating the iron. Gas has never been used for blast furnaces, though it possibly

might be so used. The works should be constructed at a place where refuse could

be obtained to make the charcoal and gas. It would therefore be necessary to erect

works where there are large saw mills, as the amount of refuse required for gas

would be very great. I have made a calculation of what it would cost to make
charcoal iron in this countiy, and according to my estimate it would run less than

$20 a ton. The selling price of pig iron now is about $20, and the bonus of $1.50

would give some of the profit. In answer to the question as to how I would meet
competition, I would keep out British and American iron by raising the tariflf.

The present selling price of British iron is $20 here, but charcoal pig is worth $5 a

ton more.

E. B. Borron—Had the attempt to smelt copper ore on the spot at Bruce Mines
proved successful an immense saving in transport would have been effected. Nor
would it have been necessary to dress the ores to so high a percentage as when
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sent to Swansea or Baltimore, and thus the loss of ore in dressino; might have been Failure of oop.

lessened. Finally the retined copper, or at least part of it, would have found a P^"^ smelting

home market. These important objects gained, it is probable that the mines would Bra^cVMinea,
have yielded a reasonable profit tor a number of years. The failure of the attempt
to smelt the ore by the Welsh system was due, I believe, to the following causes :

—

At Swansea, where this method is adopted, the copper smelting companies are sup-

plied with copper ores of many difterent varieties and degrees of richness, from all

parts of the world. Experience has taught them that it is more advantageous to

mix different kinds of ores in cei tain proportions and smelt them together than it

is to do so separately. The mixed ore is more fusible, requires less fuel and pro-

duces a cleaner slag, that is, a slag which contains the least possible quantity of

copper. When the smelting works were started at Bruce Mines there was prac-

tically but one kind of ore, commonly called the yellow ore or copper pyrites.

This when dressed to yield 15 per cent, of copper was still mixed with so much of

the rock or gangue of the vein that nearly one-half of the ore as brought to the
furnaces was quartz or silica. It is said when treated by itself to have been a
refractory ore, and as no other ores could be got to smelt along with it, ^and thus ^ "favorable,

render it more fusible, the consumption of coal was veiy heavy. As this coal had
to be brought from the mines in the United States, some 500 or 600 miles dis-

tant, th cost delivered at Bruce Mines was at least three times that paid by the
Welsh smelters for coal at Swansea, 'i hen the slags instead of being clean were
found to contain three per cent or more of copper. Finally the furnacemen or
smelters, brought in the first instance from Wales or other distant points, could
not be replaced during the winter season when navigation was closed, and only
with difficulty and after considerable delay in the summer. Accordingly if any of
them deserted, became insubordinate, were taken ill, or got drunk, the work was
constantly liable to serious interruption and loss, if not actual stoppage. I was not
at the mine myself while smelting operations were in progress, but those were some
of the reasons given to me in explanation of the failure of this apparently feasible

but unsuccessful and costly experiment. Fitlly alive to the importance of being
able to smelt the ore on the spot I recommended the company to try the blast

fttrnace, using charcoal, which might have been easily got for fuel. But they had
suffered so severely from the unexpected failure of the Welsh process that the sug-
gestion was coldly received and never renewed or acted upon. About 1869 or 1870
the West Canada company determined to pvit up the necessary furnaces and
apparatus at the Wellington mines and to extract the copper from the ores by the
salt process. I had myself studied this process some feven years before as carried Extraction of

on it St. Rollox in Glasgow, and entertained such a favorable opinion of it that process^^^
^*'^

T tried to raise a company to buy the Bruce mines with a view to its employment
there. The experiment as conducted by the West Canada company however was
not successful. I have never heard a satisfactory explanation of the cause of this

failure. It was said that the high price of salt and the difficulty of procuring
scrap iron, ot both of which large quantities are needed in this process, contributed
to its failure. The establishment of reduction or copper smelting works at some
point between Sault Ste. Marie and Bruce Mines would, I think, greatly stimulate
and > ncourage copper mining an the north shore. In the Welsh process of smelt- copper-smeltit,
ing I understand that about 1 to 1| tons of coal are required to smelt and refine onthenortn

the copper in each ton of ore. Thus it would appear much tnore advantageous s'^*"'^-

under ordinary circumstances to take the ore to the coal than to briitg the coal to
the ore. But in this case the circumstances are exceptional ; owing to the enor-
mous quantities of iron ore and grain passing downwards from lake Superior
through the Sault canal to Cleveland and Buffalo most of the vessels are obliged
to return light, consequently the freight on coal from Cleveland to Bruce Mines
would now probably be less than one-half that of the copper ore going the other
way. I am still strongly of opinion that some modification of the salt process
will be found more successful in the treatment of otir co^^per pyrites ore than any
other, and in thfit process a comparatively small qtiantity of coal is needed. The The salt processi,

process should be one adapted to the treatment of low grade ores containing say
from 5 to 10 per cent, of copper, or lower than even 5 per cent, if the price were
high enough to warrant it. Many veins produce ore which, if spalled and carefully
picked over, may be brought up to 5 per cent, without dressing. If such ore simply
sjialled cotild be sold at some easily accessible smelting works possessed of crushing
machinery, many men of limited means might be induced to engage in mining who
would never think of doing so if it were necessary to erect expensive machinery to
crush and dress the ore in order to render it marketable. If I am not mistaken
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the kte Sir William Logan, after a most careful and painstaking examination of
the veins opened at the Bruce mines ni 1848, estimated that there were some
3,000 fathoms in sight which would yield something like 25,000 tons of ore con-
taining t)| per cent, of copper as raised from the mine and without any dressing
whatever. There are a large number of veins between Algoma Mills and the Sault
Ste. Marie not so rich as those at the Bruce, Wellington or Huron Copper-bay,
but nevertheless capable of producing a very great quantity of low grade ore such as
I have mentioned. Many, perhaps the majority of those veins, will never be worked
unless there be some copper reduction or smelting company in that section able
to smelt or otherwise reduce the ores, and willing to contract for and buy them in
the rough state I have described. It is greatly to be desired in the interests of
copper mining, and of the district generally, that some enterprising company may
be induced to take the matter up.

Frank Prout—We did not use stamp mills at the Wellington company's mines,
all ours being crushing mills ; they were put up in 1860. Operations were continued
till 1 875, but I am not m a position to give you the average output. We did our own
smelting. We .smelted all our precipitate from the reduction works and part of our
sulphide. We shipped our copper to Swansea in south Wales. Operations were dis-

continued on account of depression in the copper market. We used coal for our
smelting ; it cost us about 85.25 a ton, I suppose about the same price as it is now.
I do not think there is any intention of resuming operations again. While the
market wa^ good it paid good dividends. We based our calculations on 4^^ per cent,

copper ; that is the average we ran through the crusher. The best was shipped to

Swansea and contained 19^^ per cent. The whole run of the mine was 4^ per cent.

Copper to pay should be worth from 17 to 18 shillings the unit of 112 th.'; it went
down to 7 shillings the unit. We had very little trouble wnth water, three hours
pumping a diy vvould keep the mine dry. We had no trouble in getting labor We
employed from 140 to 200 skilled miners and about 140 surface laborers besides.
Miners were paid $35 a month ; they worked by contract. Surface laborers got $1
to 81.40 per day. Lab )r at the present time I think is about the same as then. Our
chemical works were only in operation a couple of years, from 1871 to 1873. When
copper commenced to fall, and we were about closing down, the chemical works
were the most expensive and were closed tirst.

W. H. Plummer—When the Bruce mines were at their best they gave support
to about 3,000 persons, one way and another. For the wet process at the Welling-
ton mines i think a little over 8100,000 was invested. I think the reason it did not
suceed was that it was badly managed, and on account of the cost of material it

could not pay to treat low grade ores. Besides, there was great waste. I think the
reason the old system of smelting did not succeed was that they had not the proper
men to look after it.

Br. EdicarJ Peters, jr.—lam manager of the works of the Canadian Copper Co.
I was educated as a metallurgist at the university of Freiburg, graduated at
twenty and came to Colorado, where after a time I obtained the position of govern-
ment assayer. Since then I have had a large experience in my profession in

difterent parts of the States and have been engaged to plan works in Portugal and
Hungary. The company here has not yet attempted to treat the ores, but about
3,000 tons have been sent to be treated elsewhere. This combination of nickel and
copper has not been met with before in such quantities as to require separation in
a wholesale way. The only case of the kind in America is the Gap mine in Penn-
sylvania, and there they use the old European way of dissolving in acids, which
would never do in our case. The process for the treatment of our copper ores
which I approve of is the old German blast furnace method, greatly modified to suit

American ideas and conditions. We first sort the ore, break it to the proper size

and pile it upon wood in large heaps, setting fire to the wood. It burns for two or
three months, sending off the sulphurous acid gas till about three-fourths of the
sulphur is gone ; then the ore that originally carried 35 per cent, or 40 per cent,
should come out with 4 per cent, or 5 per cent The iron is changed into oxide of

iron, and is virtually just like common iron ore ; it has lost its sulphur and taken
oxygen instead. The ore is then put into the blast furnace on the same principle
as pig iron, and the sulphur combines with the metallic constituents which form the
m.atte. The composition of the matte may be 30 per cent, sulphur. 20 per cent,
nickel and 20 to 25 per cent, copper. If too much sulphur is kept in the roasted
ore it takes up iron

; our object therefore is to roast the ore as thoroughly as we
can, tbere being always enough left to take up the nickel and the copper. Six tons
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of ore will produce one to i of matte. We are not yet in a position to say which of

our mines is the most valuable, but as they now look I think the Evans promises to Composition of

be better than any we haver It carries about the same amount of metal as the
'^*ns mine ore.

other mines, but there is more massive ore and apparently a larger body of it. I

think the Evans will show, taking the average of the whole mass '6h p^r cent,

nickel, 3 per cent, copper, 40 per cent, iron, and 23 or 24 per cent, sulphur ; that smeiltng works
is about 70 per cent, metal and the rest rock. I consider the company justified in justified by the

putting up large works and so advised them this spring. I generally only advise P"""®?^*^ •

the erection of a furnace, etc., when I see enough ore mined to pay for expenses Refining the
and the erection of the furnace : that is the case here. We shall have to get the matte.

matte refined elsewhere. The sending of a large quantity of matte into the

States has never yet been tested, but Americans are so much more ready to alter

their plant and undertake any new thing of the kind than EurO;jeans that I think
we shall be able to do better in the United States. I tliink we can dress a good
deal of our ore to 20 per cent. Speaking in a wholesale way I think it will show
about 2t per cent, nickel and 3 per cent, cjpper ; that is, as it is mined. The
Newfoundland ore is something similar to ours, but does not contain any nickel

that I am avvare of. Before I came here I uadecstand so ue three shipments were
made, one of which went to England and the others to the Stales. In shipping to Shipments of ort

England I do not understand that it was the intention of the company to be at all

influenced bj' the result of the smelting there. The charges were so exorbitant on
the other side that the company did not realise a dollar a ton on the shipment to

Swansea. The ore contained 12 per cent, copper and §35 to the ton of nickel, ^n exorbitant

They allowed nothing for the nickel ; the shipment was 1,')00 tons and that was fne"^^^

orsme

835,000 the company got nothing for. A large quantity of what was shipped was
from the Cooper-clifF, and we figured up what they charged on the other side at

the rate of 850 a ton. Our eastern men charge only 810 a ton. I consider the
Swansea charges most exorbitant. The ores here are low grade, but I consider it

pays better to work large bodies of low grade ores as we can figure exactly what
we can do. The ore throughout the country' is about the same as far as I have
seen. Whether it would pay for copper alone would be a toss-up ; if coke could be and^smeUine"^
got at 86 a ton, with good management a reasonable dividend might be paid.

Mining would cost about 82 a ton, breaking 30 cents, calcining 50 cents, and
smelting into matte 82. 50 ; that is assuming a large quantity to be treated : a small
quantity would be proportionately higher. A ton of matte containing 25 per cent. Cc^^er.

copper (5001b.) would be worth from 840 to 845 in the United States market ; that

is taking into account the duty, but not the transport. If we were smelting for

copper we would use ore with a higher percentage of copper. The present price ,-. . ,

of nickel is 65 cents a pound. I consider the price high and think if it were 25 cents
'

or 30 cents it would be much more used. The total annual amount now used in

the world does not exceed 1,000 tons, and that is principally used for plating. I

think we will be able to sell it with a handsome profit at 25 cents or 30 cents. I

think the company has sufficient stock of ore on hand to represent every cent they
have spent here, and to build the smelting works. Of course that is only an opinion,

but it IS based on pretty good evidence. I have not yet had much to do with arsenical Treatnient of

gold ores. I understand however there is not much dfficulty in getting rid of the ^J^^^^'c*'
so^^ ,

arsenic ; the arsenic being extracted leaves the ore verj- much as the ores here after

roasting. The ore could then be smelted in a big furnace* for about 82 or 82.50 a
ton. and all the gold would be in the iron matte. That matte would be verj- sale-

able ; almost the full value of the gold would be paid to get it for flux.

H. P. Mcintosh—Until recently we have had no experience in smelting our
ores in Canada, but we have had large quantities smelted in New York, where it

was successfully done. Within the last thirty days we have started a furnace at |uJfbur\\
**^

Sudbury, which is reducing the ore to matte very successfully. The process is

successful in separating the copper from its associated minerals in the ore as far as

we attempt to. The minerals contained in this ore are copper, iron, nickel and
sulphur, the relative proportions of which vary very widely, and their econoinic
value depends upon the percentages of the saleable product and the market value
of the same. It would be impossible to fix an arbitrary value per ton upon these
minerals in the ground. Our smelter consists of a 105-ton steel water-jacketed
furnace, together with the necessary engines, pumps, blowers, etc. to run the same.
Perhaps about one-half of the macliinery was purchased in Canada and the
remainder in the United States. Yet we will say that we give your countiy the
preference in purchasing machinerj' there when we can get it. There are a great
many things though in connection with the development of a mine that are not ork
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'^abor and
^wages.

your side. The furnace was purchased from parties in this country (U.S.), but was
made at Sherbrooke, Quebec. It is difficult to get miners and laborers at Sudbury
on account of the isolated position of the mines. The men employed are largely

Cornish and Welsh, and are paid monthly in cash. Following is the rate of wages

Mining captain $145 00 per month.

Assistant captain 90 00 "

Master mechanic 100 00 "

Teamster 4-5 00 "

Drill runners 2 10 per day.

Miners. 1 75 "

Laborers 1 60 "

Foreman 2 00 "

Watchman $1 75 per day.

Engineer 2 00

Machinist 2 25

Pumpman 2 00

Fitter 2 00

Fireman 1 50

Blacksmith 2 50

Assistant blacksmith 1 75



SECTION \I.

MEASURES FOR AiniNG AND FINXOURAGIXG MINERAL

DEVELOPMENT.

It will always perhaps be a luoot point how far the government or

legislature of the pi-ovince ought to go in aiding and encouraging a develop-

ment of its mineral resources. The extreme view on one side would be that

government ought to pursue a course of passivity, leaving the beneficent order

•of nature free in its operation; while the extreme view on the other side service in ) ro-

would be that government ought to nationalise the mines and operate them veiopmept .jf

for the good of the people. Probably the true policy lies between the two sources.

-extreme.s, but it is the opinion of the Commissioners that valuable service

may be rendered by the government in at least four ways, viz. : (1) by pro-

•curing to be made a geological survey of the province, with particular

reference to its economic minerals; (£) by establishing a museum of minerals

and mineral products
; (3) by collecting and publishing yearly statistics

of the mining and metallurgical industries of the province ; and (4) by making

provision for the education of students to qualify them for engineering and

metallurgical pursuits, and for the practical instruction of persons engaged

in the mining industry.

A P R O \-
I N C I A L I! U K E A U O F .MIXES.

A popular misunderstanding frequently exists as to the nature and

utility of a geological survey, and it may be as well to explain that the .Method of

purpose of such a survey is mainly to facilitate the development of irs mineral the^obj'eln^"
'

resources. The best method of accomplishing this is not to set al)0ut an

indiscriminate and unsystematic search for minerals, but to find out the

extent, geological age, geographical distribution, mineral characters, etc., cf

the different rock-formations, and then by analogy on comparing these

various formations with those of countries already geologically surveyed, and
in the light of past experience in all parts of tlio world, we ascertain what Metiu-d^ of

minerals may be looked for among our own rocks. We also ascertain by this 'Meratinu-.

means which formations are probably destitute of useful minerals. While
making such a survey the geologist will of course keep a sharp look-out for

all indications of valuable minerals, and will examine carefully the geoloo-ical

relations of such as may be discovered by others. Should some formation

prove rich in a certain useful mineral, if we have traced out its boundaries or

its geographical distribution, we know at once the limits of the most promis-

ing ground to explore. If we know further the particular conditions under
which such minerf>l occurs within this formation, our field of search is greatlv

narrowed and the chances of success are correspondingly increased.
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In most of the states of the American Union geological surveys of a

vlys°m*the
^"'^ more or less efficient character have been made, and for many years similar

United states, g^pyeys were carried on under different heads in the western territories. It

was found however that these numerous independent surveys were giving

rise to great confusion in geological nomenclature and map-making, and it

was becoming more and more difficult, especially for outsiders, to correlate

the rocks of the several states and territories. Under these circumstances

the central government a few years ago very wisely undertook a general

geological survey of the whole country, leaving the individual states free, if

so disposed, to carry on their own surveys as before. In Canada we had

begun this work in the reverse and more systematic order, by making the

general survey first. The geological survey of old Canada was commenced by

the late Sir William Logan in 1843, and at the tiuie of Confederation it was

extended under the same able director to the whole Dominion. As a result
Surveying oper-

ations in we have now a sufficient general knowledj^e of the geological features of the
Canada. J^ , -r^ . . , -^ ,. , • .

country from the Atlantic to the Pacific, and a uniform system or classifica-

tion and nomenclature of the rocks has been established. But the time seems.

to have come when each province should undertake a more detaili^d and utili.-

tarian survey of its own. In the province of Ontario at all events our min-

eral wealth has been proved to be of such importance as to abundantly warrant

this undertaking, with every pro.spect of its pro\^ing a highly profitable

investment for the country.

When the geological survey of old Canada was begun the main object

which the public and the legislature had in view was clearly the investiga-

tion and development of the mineral wealth of the country, but latterly this-

Original object primary aim has been subordinated to other objects. Under the old regime
of the Canadian

"

, , tt r^ ^

survey. a fair general knowledge of the geology of the greater part or Upper Uanada.

had been arrived at. Since Confederation however a much smaller propor-

tion of the work of the general geological survey of the Dominion has beeni

devoted to Ontario, notwithstanding the fact that */he sum now annually

appropriated for this service is more than five times greater than was the

average yearly grant before Confederation, and of which this province must

of the service, contribute at least one-half. Thus it happens that at present there are

numerous districts of great economic importance in which little or no detailed

work has been done, and in regard to which very little systematic information^

is available.

It is a curious anomaly that whi.'e the mineral lands belong to the pro-

vince, and the existing geological survey is largely paid for by its people, yet

its government has no control over the institution supposed to exist to a

great extent to promote their development. If therefore the geological

Importance of survey carried on at the public expense is to be utilised for the development
provincial ^ ,r\ • • titi- i i

control. of the mineral resources of Ontario, it appears likely that it must be under

the control of its own government. The officers of such a survey could be

directed to thoroughly examine and report on any district where valuable

minerals might be discovered or where they are already known to occur. In

this way an immediate and practical local service could be obtained by the

government whenever required in the public interest without interfering with
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the general plan on which its operations might be carried on. This raiyht

often prove of great importance in promoting the speedy development of new
and promising districts, increasing revenue and carrying out the government
policy, whereas at present no such assistance is available. The crown lands Crown lands

J '
J.' -L i! 1 • • *"^ timber.

and crown timber or the province are important sources of revenue, and the

government has a staff of officers conducting the business of the depart-

ment. The mineral resources of the province if not already equally import-

ant as a means of income might be made so, and at any rate they are of

great moment to the community, and therefore might with equal advantage

be placed in charge of separate officers connected with a bureau of mines.

The ordinary work of the provincial bureau or geological survey might con- proposed werki

sist in the systematic investigation and mapping of one district at a time, with

special reference to its economic minerals. Besides mapping out the geology

of the metalliferous districts the officers of such a bureau would enquire into

and fully report upon such subjects as our petroleum and natural gas fields,

salt and gypsum deposits, building and ornamental stones, brick, tile and
terra-cotta clays, limes and cements, peat and lignite, shell marl and phos-

phates, flagstones and slates, grinding and polishing materials, moulding sands
and materials for glass-making, etc. A study of the superficial deposits would
also be of importance not only in relation to agriculture, but in regard to

questions affecting wells and water supply. Information is often required in

connection with obtaining supplies of water by boring into the solid rock, and
valuable advice in this line might be obtained through the proposed bureau.

A practical bureau of mines of this character might be the means of

furnishing the provincial government with much valuable information on ^*>*'' ^^^^^'^

, , . 1 • , ation.
Other than strictly geological matters, such for example as whether a new
district, which it might be proposed to lay out into townships, was too rocky
for agricultural purposes or whether the soil might be only fit for the support
of timber and the district incapable of being converted into a successful a^^ri-

cultural settlement. Reports could be made on the soil as well as the rocks

of each particular area examined in new districts. Incidentally information
could also be furnished without additional cost on such subjects as timber^

fisheries, etc.

It should not be forgotten that it is often almost as important for the

government and the public to know what districts or formations are desti-
pistrkts' Uegti-

tute of minerals.
tute of valuable minerals as those which contain them. This can only be
ascertained by intelligent investigation, and such knowledge often prevents
disappointment and the waste of large sums of money. It has been estimated
that in Great Britain the money saved from the indiscriminate and fruitless Money saved,

search for coal alone where there could be no hope of finding it, such as had
formerly gone on, has been more than sufficient to pay the whole cost of the
exhaustive geological survey of the kingdom.

For the above reasons and others about to be stated the Commissioners
would recommend the establishment of an economic bureau of mines for the bureau of mines,

province in connection with the department of crown lands or that of agri.

culture, to be under the management of an officer who might be called the direc-

tor of such bureau or the chief inspector of mines. In some of the other pro-
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vinces of the Dominion, as well as in India and in various British colonies,

inspectors of mines have been employed for years as indispensable officers of

the respf^ctive governments. Considering the extent, population and wealth

of Ontario, and the importance of her vast mineral resources, the appointment

of such an officer and the independent investigation of these resources appear

to be urgently called for at the present stage of our history.

While the first and main object of the bureau of mines for Ontario
Contributions to •;

_

geological here recommended would be to ascertain and make widely known the min-

eral wealth of the province, the keeping of this object constantly in view need

not impair its usefulness also as a scientific institution, contributiog its share

to the sum of geological knowledge which every civilised community should

aim to advance.

The rapid development of our mineral resources is the best means

Me&ns of increas- which remains for increasing the wealth of the people of this province. By

^^the'eountry. promoting this we will attract capital from without, encourage the manufac-

ture of machinery in the province, thereby increasing the consumption of

iron and steel, give employment to a larger population, which would in its

turn consume our manufactured goods, agricultural produce and lumber. An
increased mining industry would in fact become the corapletement of the

agricultural, manufacturing and lumbering industries. The railways and the

shipping, too, would be specially benefited. In the United States and vari-

ous European countries the carrying of minerals is depended upon by the rail-

importance to ways as one of their chief means of support, and it is said that without this

branch of their business few of the leading railways in Britain or the northern

states would pay at all. The most legitimate means by which people can

really enrich themselves is to extract wealth from mother earth direct, and

the mineral resources of Ontario are no doubt destined to become one day our

chief reliance for this purpose. Some of the others, such as the timber and

the fisheries, must in the very nature of things decrease, while in this we

have a means of constant increase and apparently unlimited possibilities.

The geologist or inspector of mines should be well versed in the geology

tjuaiifications of ^f ^j^g province, and should have a sufficient knowledge of mines and mineral
aereologieal r >

officer. deposits in general to enable him to give useful advice when desired to those

actually engaged in mining, or to persons proposing to work undeveloped pro-

perties. From his responsible office and neutral position such advice wquld

naturally carry more weight than that of experts employed as special pleaders,

no matter how well qualified they might be.

Persons unfamiliar with minerals are often dazzled by bright appearances

wWch'he "might or fancied resemblances to rich ores they have seen elsewhere, and are thus
render.

tempted to spend money on worthless property, or at any rate in having

expensive analyses made, which could be easilj- saved by applying to a respon-

sible person who had nothing to gain by encouraging their erroneous notions

and who was to be depended upon to tell them the truth. The greatest curse

of mining in Ontario has been the custom of persons who owned lands or who

had taken up 'mining locations' and (because they happened to own them)

endeavoring by every kind of means to create the belief that they were mines,

irrespective of the fact that they were not intended for such by nature. The
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«flForts of these promoters would be much better directed if they were to spend

a corresponding amount of labor ia endeavoring to fiud a real mine, for which

our practically unlimited mineral lands aftord them excellent opportunity.

The chief of the bureau should be able to explain to applicants the uses and

values of any economic minerals which they may have discovered, and also the office.

where to find a market for them. His offices should be well provided with

general and local geological maps, sections, diagrams, etc., as well as plans and

sections of all existing mines ; and he should take care to procure and preserve

drawings of all new workings for future reference, in case they may be required

in the subsequent working or re-opening of the mines they refer to. A want

has been felt for such documents in all old mining countries, and already in

several cases even in this province. Mineral statistics of all kinds should

also be collected every year, and correct tables and explanations with regard

to them should be published annually. A vast amount of mining information

well worth putting on record is now available from various sources.

The headquarters of the provincial geological survey would thus become,,..,. ,. , A bureau of
an important bureau of information on all points in relation to the mines and information.

minerals, and indeed of all the material resources of Ontario. Should any

question arise on which the government might require information concerning

the minerals of the country it would here have at hand an immediate means

of reference such as is not now available. A want is also felt at the present

time for a central means, such as this would be, for the distribution of reli-

able or official information in the United States and Europe regarding the

great mineral riches of the province. In addition to frequent reports, the

director might give the public the benefit of his knowledge and experience

through the medium of lectures delivered occasionally in the principal centres

of population or in the mining districts in a manner similar to that which

has been adopted by professors of the agricultural college under the scheme

of farmers institutes.

The value of a geological survey to the province is very ably stated in

the evidence of Mr. Walker, general manager of the Canadian Bank of Com-

merce, appended to this Section.

A PROVIXCIAL MUSEUM.

One chief reason why the development of our mineral wealth has not

been more rapid heretofore is, that only the most empirical kind of know- Vaiue of know-

ledge was possessed by most of the pioneer explorers. Of course nothing else mineral

was to be expected. Neither European nor Canadian settlers of the agricul-

tural class were likely to possess even the rudiments of such technical acquire-

ments in mineralogy as might enable them to distinguish ores, far less the

knowledge that would enable them to determine the existence of minerals in

paying or non-paying quantities as indicated by the character of the deposit

and the accompanying geological conditions. There are few pursuits more
fascinating than that of the search for minerals, especially the precious metals,

and too often it has proved illusory, and worse, when carried on by persons of

the kind referred to, who, having picked up a little knowledge relative to the

appearance of this or that ore, become infatuated with a desire to attain wealth
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at a stroke, and thus bring themselves and their families to poverty and render

life miserable in search of the impossible. On the other hand it has frequently

been the case that comparative riches have lain within the grasp of a man who

was totally unable to perceive the value of what he daily trod over. It is there-

fore advisable that steps should be taken to educate the masses in some degree^

and to attract the attention of outsiders,—foreign ca[)it^lists, prospectors,

scientists, miners and manufacturers—to the mineral resources of Ontario^

and to have a representative collection of them available for reference at th&

most central place possible.

The great exhibition of 1851 first taught how much good might result

from national as well as from local and individual displays. Similar inter-

national fairs in both Europe and America have but added force to the origi-

nal lesson, and the very last in the series, that held at Cincinnati during the

last summer, has been the means of attracting marked attention to our pro-

vince and its mineral wealth. So direct and so far-reaching were the results,

arising from the Hyde Park exhibition in London that a permanent establish-

ment of a popularly technical character has ever since been maintained at

Kensington. In every European capital and in hundreds of other European

large cities, as well as in Washington, Philadelphia, New York, Boston and

other places in the United States, there are excellent museums of an instruc-

tive kind. In every state capital of the United States there is a collection

illustrative of the local mineral resources in connection with the various state

geological surveys. At Ottawa it is true Canada is pretty thoroughly repre-

sented geologically and mineralogically, but this province is of sufficient

importance to have individual representation in its own capital for the benefit

of its own people, as well as for that of the hundreds of thousands who annually

visit us from all parts of Europe and America. The facilities for the forma-

tion of a museum in Toronto are unsurpassed in any country. Already more

than a nucleus exists in what is in possession of the government as exhibited

at Cincinnati, besides the* specimens collected by the Mining Commission.

Indeed all this material has been left with the government by the individual

exhibitors for the purpose of being placed in a permanent mineralogical

museum, as was intimated to them by circular to be the intention. But

besides specimens of ores and minerals and the rocks in which these occur, the

museum should also eoijtain a full collection of products illustrative of the

various stages in metallurgical processes. This is an essential feature of a

museum whose purpose is to inform and educate, and to students of miner-

alogy it would possess great value.

Intimately associated as the educational system ot the province is with

. our governmental machinery, it would be an easy matter to supply from the

superabundance of material to all the leading schools and local museums typi-

cal specimens of rocks and ores. Already there is a sufficient quantity of

copper, zinc, iron, barytes, gypsum and other minerals for this purpose.

Every mechanics' institute might be supplied and specimens could even be

furnished to important private or denominational seminaries, on condition (as

is demanded by the Geological Survey authorities at Ottawa) that they should

in no sense be regarded as individual property and that they be placed oa
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exhibition in suitable cases. In a few years it would be found by this means
lliat the popular -knowledge of our minerals would have greatly increased and ^i^S

°*

^la incentive to study would be offered to those whose tastes might run in
instruction.

that direction, the capabilities of the country would become more widely
known, the capitalist, prospector and scientist would be especially assisted,

and material benefit would be the natural result.

There seems to be no reason why the formation of such a collection should
be delayed. Awaiting the preparation of room to contain the exhibit per-
manently, the work of getting together, assorting, classifying and labelling
could now be going on, so that without loss of time the products of our mines,
quarries and deposits of all kinds may be on exhibition. We want the world
to see our granites, marbles and serpentines, both polished and in the rough,
our fine sandstone, freestone and limestone, our gypsum and phosphate, our
iron, copper, gold and silver ores, with our petroleum, salt and marl, and all
other minerals and mineral products of the country. Topographical and
geological maps and sectional drawings might also be hung in the museum or
kept for reference.

MIXING STATISTICS.
In the first report of the United States geological survey, made to the

secretary of the interior by director Clarence King in 1880, the utility of L'tiiity of nun-
mining statistics is briefly but cogently discussed. The resources of that

'°^ '**'^"'^

country are vast and great progress has been made in their development,
but at the time Mr. King wrote nothing was definitely known of the
mining industry excepting such information as had been gathered and
published once every ten years by the officers of the cen'sus. Private
citizens could only hope with great difficulty to procure the data of a single
product, and even where private associations were formed for the purpose,
such as the Iron and Steel Association, their work was fragmentary and
imperfect, and it was made to serve their own rather than any public ends.
Looking at the subject in this view, Mr. King made the following observa-
tions on the importance of mining statistics

:

As a direct result of the size of the country, the government and people havelong been uninformed as to our primary industries
; those, I mean, which vield theraw materials—mineral, vegetable and animal.

^

To the agricultural department we owe the first reforms from this condition ofwide-spread ignorance. In the realm of mineral productions the only efforts madeto acquire any positive knowledge have been the highly useful but feebly endowedworks of the late mming commissions, whose investigations were suffered to end forlack of appropriations.
Today no one knows, with the slightest approach to accuracy, the status ofthe mineral industry, either technically, as regards the progress and developmentmaking m methods, or .statistically, as regards the sources, amounts and valuationsof the various productions.

uanuu:*

Statesmen and economists, in whose hands rest the subjects of tariff and taxation, have no better sources of information than. the guesses of newspapers andthe scarce y less responsible estimates of officials who possess no adequate means ofarriving at truth. i ^ xucaua ui

In no other intelligent nation is this so ; on the contrary, mmeral production
IS studied wih the most elaborate effort. England, Franc'e Germannustr
Russia and Italy consider it essential to know from year to year not onlv thejource and aggregates of amount and value of mineral yield, but manv lesser factarelating to the modes and economies of the industries.
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Upon considering the extent of country over which onr minerals occur, their

wonderful variety and yet unmeasured amounts, it cannot fail to be apparent that

no private individual or power is competent to do what ought long since to have

been done, namely, to sustain a thoroughly practical investigation and exposition of

the mineral industry.*

The first report of real value on the mineral productions of the United

States was made by Mr. King himself in the geological survey report of

1880 81, being preliminary to the full and exhaustive report on precious

metals which forms volume xiii of the census of 1880. In 1882 a divi-

sion ot mining statistics and technology was established in connection with

the survey, with a large corps of men engaged in statistical work, and since

then a report has been published yearly on the mineral resources of the coun-

try. It contains a mass of statistical and other information, but in accord-

ance with the plan adopted by the director only the more important lines of

enquiry are pursued. It lacks the completeness of a censup, but is neverthe-

less a useful record of the progress of mining operations and metallurgical

processes. In a number of states bureaus have been organised for the same

object, as in Michigan, Ohio, Illinois and Pennsylvania ;
and their reports,

are doubtless freely drawn upon in the preparation of the geological survey

volume.

Until very recently little attention has been given to reports upon the

mineral production of Canada, excepting in Nova Scotia and British Columbia,,

and in those provinces the collection of royalties makes the work to

a large extent an incident of the public revenue. In Ontario, although

mining operations have been carried on to some extent for half a^century, no

records have been preserved saving in a desultory way and at long intervals

of time. Indeed the only records we possess for the whole province are

those of the Dominion census, taken for the first time in 1871 and again in,

1881 ; but even the returns of the census are very meagre, since the only infor-

mation they give is the quantity of raw minerals produced in the preceding

year. There are in these none of the ordinary statistics of capital invested,,

the number of men employed, the wages paid, the value of the ore, the quan-

tity smelted or treated at home or shipped to foreign countries, or any fact

concerning the origin and progress of mining enterprise in the country. Yet

there is much interesting information on these subjects available— scattered

through reports of the geological survey and of the crown lands department,,

in special reports and contemporary newspaper records, or procurable from

men still living who were pioneers in the industry—and no scheme of statis-

tics would be complete which did not take account of all those sources for

materials out of which to write the story of the beginnings and growth of

the industry.

The geological survey at Ottawa made an attempt to collect and publish

annual statistics in 1870, but the returns made by miners were so few and

of the geoio^ieal
i^iperfect that the work was discontinued at the end of the third year. It

was resumed however in 1886 and three annual reports have been published.

These are an improvement on the earlier reports, but excepting for the] pro-

vinces of Nova Scotia and British Columbia they are far from complete. A
* First annual report of the United States Geological Survey, p. 76.

Statistical v, ork
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system o co-operation between the provinces and the geological survey might
possibly lead to more satisfactory results, more especially as the older pro
vmces have the management and sale of the public lands and the exclusive
authority to make laws relating to real property.

But were an arrangement of this kind entered into it should aim to prc^
vide for something more than bald figures of the quantity and value of products «-p* °' »^
Capital is essentially timid, and successful mining must be conducted on

'''''^'''^^

legitimate business principles. Hence a report on the industry should give
all information which an investor requires. The cost of labor, provisions
timber, explosives, fuel and all other factors of cost, including buildings'
plant and development work

; sources whence the various supplies are drawn •

position of mines relatively to the lines of communication
; rates of freight-'

points to which products are distributed
; comparisons^f svstems of working'

or processes employed in various districts
; social and vital statistics of mining

communities,-these and other topics of enquiry of a similar character cannotbe passed over in any scheme which seeks to encourage the industry by th^supply of practical information. A knowledge of processes in mining, miUin.
smelting, etc., and particulars of construction, adjustment and mana^emenl
form a necessary part of every successful miner's oocupation, and are valuable
alike to the workingman and the capitalist. And if to making enquiries on
those lines there be added the duty of collecting average specimens of all 's'^vfL"^
known mines and mineral locations, and procuring assays and analyses of

'"''""

them, a most important service may be rendered by the government of the
country to all who are engaged in mining and its allied industries There is
hardly room to doubt that apart from its economic value'an annual report
showing the condition of mining and metallurgical works in this province
would effect valuable results in directing attention to the extent and varietv
of its mineral resources. ^

Owing to the small number of mines in operation in Ontario the Com
missioners did not make the collection of statistics a subject of particular
enquiry, but m every instance in which the views of witnesses were obtained
the utility of statistics was freely acknowledged.

TECHNICAL INSTRUCTION.
The witnesses examined by the Commission are almost unanimous in the

opinion that there is great need of technical instruction in all operations -itsfrulS^^
relating to the mining and metallurgical industries of the province. Few of aU'^^^'tX^
the men who prospect for minerals have the practical knowledge which would

"" ""*"""^-

enable them to explore the country intelligently or successfully Time and
means are often wasted in searching for the precious and economic minerak
through districts where there are none, and where nature never designed th.t
any should be. Some knowledge of the geology of the country, and of rocks
and minerals and their relation to each other, is of obvious advantage to the
prospector

;
and if he is also able to use the blowpipe, or make the ordinary

tests for metals, his quest cannot fail to be infinitely more satisfactory than it
could be wit-hout such knowledge, and he may be saved from much disappoint
meat and loss. Many of the prospectors met with by the Commissioners in
the northern districts were qualified to do little more than make a collection

^'P"*****-
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of rocks and what seemed to them to be minerals, and forward them to

Toronto or elsewhere for assay or analysis. Some were unable even to make

the common and simple test of minerals under the knife ; and it is doubtful if

one man in ten could make a map or sketch of the district he had examined,

so necessary for good prospecting work. Men of this class are possessed of

little means as a rule, and when after much hardship they have been fortunate

enough to make a promising discovery they have only in rare instances the

means to prove its value as a workable vein or deposit. Skill and experience

are required in sinking test pits and shafts and opening trenches to show the

extent of the ore body, and without judicious exploration to determine whether

the quantity and richness of the ore are sufficient to warrant the develop-

ment of the property as a mine, capital can rarely be tempted to touch it. And
as it is with the prospector, so it is also in a large degree with the explorer and

miner in our country. To dig a well is one thing, but to sink a shaft or drive a

tunnel and strike or follow a vein of ore is another and wholly different thing.

The one work any unskilled laborer may do successfully ; the other calls for

skill even in the laborer, and direction under a mine superintendent of large

experience if not of scientific training. Mining operations in Ontario have

oftener resulted in failure than in success, even where they have been directed

by men of good reputation ; but the method of mining employed depends very

much on the character of the formation in which the ore or vein occurs, and

the miner who has learned his business elsewhere may find when he begins

upon a deposit in our Archaean rocks that he has practically to learn it over

again. This has been the case in the Hastings and Sudbury regions, in work-

ing iron, gold and the nickel and copper ores, as well as in working the silver

mines of the lake Superior country. Greater knowledge is required to work

a mine than to prospect for minerals, and, as some one has said, the serious

problem is to increase the number of men in whose training theory and

practice have been so combined that they can meet the great demand for

those who can put theory and practice together. And from what has been

said in the preceding Section it must be apparent that in the methods of

extracting metals from their ores there is a necessity for skill of a highe^*

order than is called for in raising the minerals out of the earth. In pros-

pecting, in exploring, in mining, in reducing, in smelting, in refining, men
must have knowledge of how the particular work is to be done before they

can hope to do successful work , and whether their information is gained in

the schools or by the hard experience of ijractical life, the mind guides the

hand.

The numerous excerpts in the Appendix, taken from the report of the

Royal Commission on Technical Instruction, the presidential addresses of

Professors Richards and Egleston before the American Institute of Mining

Engineers, the New Zealand Handbook and other sources, deal with the sub-

ject so fully that only a few general observations need be made here.

Schools of technical instruction are usually designed to give a thorough

course in one or more lines of special study, extending over a .series of years.

Thus in the Columbia School of Mines there are seven courses, each of four

years, viz : Mining engineering, civil engineering, metallurgy, geology and
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palaeontology, analytical and applied chemistry, architecture and sanitary

engineering, and no student is allowed to pursue more than one course at a

time. Now a graduate of the metallurgical or of the mining engineering

course would probably lack nothing which a prospector or miner ouoht to

know, but either one would be much too thorough and expensive for his
Schools for

courses

needs, A much more practical course of instruction would be such as is pro- miners,

vided by the government of New Zealand, where a university professor and a

staff of qualified assistants establish schools in the vicinity of the mines and
give a series of practical and elementary lectures on such topics as will be

•of most advantage to men in their daily work. I'he scheme of these schools

is fully stated in the Appendix. Another scheme has been sugg^ested by two
or three witnesses examined by the Commission, viz : that in some of the
mining districts, as at Madoc and Port Arthur, the services of a science

master at the high school might be utilised to give instruction to miners and
prospectors as part of the regular course, or by the establishing of evening
classes, and that a special grant in aid of such a scheme might be made by the
government.

The thorough course which a technical or scientific school provides, and Parallel

which is intended to qualify men to fill the highest positions in the business practIcZ
^""^

to which they purpose devoting their lives, may combine theory and practice

within its own course, as is the case with most of the American schools or
it may combine theory in the class-rooms and observation of practical -work

outside, as is the case with some of the European schools.* The American
system of mining laboratories is thus described by Prof. Richards of the
Massachusetts Institute of Technology as practised at that well known
school :t

A student is assigned a quantity of ore weighing five hundred pounds to four The American
thousand pounds, accordmg to kind. He assays it and makes mineralogical and system of min-
chemical tests of it. He consults the books to see what processes are available for

'"' '*''°'"^t°"««»

such an ore. He discusses the different processes before deciding. He chooses one
and works the ore through by it, testing by chemical analysfs not only for the
metals of commercial value to see what becomes of them and to ascertain where
the losses are hopeless and where they can be diminished, but also to see what
quality of products he has obtained, whether the slags are those of the standard of

* " There is what may be called the system of Freiberg, as it is so well represented at the
great school in Saxony, where the men study metallurgy theoretically in lectures to which asomewhat limited laboratory course is added, the great feature of the instruction bein? the
facilities which the men have for spending a portion of each day in the Halsbruckner Hutte
or the Muldner Hutte, these being the great works of the district in which the school is
situated : and, finally, there is the system adopted in America, especially at the School of
Mines, Columbia College, New York, and at the Massachusetts Institute of Technoloffv at
Boston, where, in addition to laboratory work as ordinarily understood, students carry out
metallurgical operations, more or less experimentally it is true, but, as an engineer would
say, on a scale of nearly 'twelve inches to a foot.' Surely, it may be urged, the frequent
opportunities for seeing metallurgical operations must be of great benefit to' the student •

but consider how short a time a student who is preparing for the higher branches of his
profession can possibly give to the purely theoretical work which he must get throuo-h
Such a student has no leisure, in addition to that which should be set aside for exercise • and
if he had leisure I do not think he would be putting it to the best advantage if he were todevote it to looking on at a metallurgical operation conducted by someone else ; and I believe
that no system by which a student accompanies a demonstrator or even a local foreman to
works, and only sees the successes and not the failures of other people's labors, reallv affords
him adequate instruction. ... It will, I trust, have been understood that I have been
speaking only of the training of a student ; his career as a metallurgist can only be perfected
in the works, because the manager has not only to deal with metals but with men —ProfW. C. R. Austen of the Royal School of Mines, London, quoted by Prof. Richards

tTransactions of the American institute of Mining Engineers, vol. xv, p. 317,

27 (M.c.)
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silicification he aimed at, whether the mattes, bullion, etc., are of the quality he
planned ior. He is assisted by his classmates in his work, and he in. turn assists all

of them in theirs. This work is interspersed with the studying of collateral litera-

ture and reading of papei-s before his class upon the subject to which he is devoting
his time. A year of such training, following after three years of preliminary
technical school work, does not to be sure make an engineer of him, but it gives

him a valuable lessou, most of it self-taught, in each of the following directions :

1. In accurate habits of thinking and working.
2. In acquisition of independent judgment.
3. In the habit of applying knowledge, which habit stimulates acquisition.

4. In gaining real experience by the sweat of emergency.
5. In ujanaging men and controlling himself.

6. In appreciating the value of labor and the workman's view of things.

7. In taking the conceit out of him.
8. In the use of chemistry to control metallurgy, and in the use of, technicaL

literature for suggestion and warning.

.

9. In keeping accurate accounts and records of his work.

10. In solving problems that are new to him.

Prof. Richards does not claim that his school is better than any other.

but he does claim that he can teach metallurgy many times better with a

laboratory than without one ; and with the appliances of the modern school^

which enable practical instruction to be given in stamping, amalgamating,.

smelting and refining on a large scale, he says very properly that the work

savors as much of mining as of metallurgy. In most of these opinions Prof.

Egleston, the mineralogist and metallurgist of the Columbia School of Mines,

agrees with Prof. Richards. In his address as president of the Institute of

Mining Engineers in 1888 he said :

No one thing is more striking than the interest which students take in all

kinds of laboratory work, whether it be chemical, physical or mechanical, and the
evident relief and recreation which it brings to them as a change from purely

mental labor to that which occupies the eye and the hand. For the time being,

they become investigators, acquiring knowledge, making researches, drawing con-

clusions, watching reactions and noting the working of different principles. Their
work to them has just as much importance as if they were original investigators-

instead of learning how to investigate. Laboratoiy work—in which the closest

attention must be paid to get the results, and the greatest accuracy is required to-

interpret them after thej^ are obtained—not only gives to the student a capability

for observation but a power of concentration of mind not easily obtainable in any
other way, because the men are interested in obtaining results which they are

themselves to interpret. . ; . The old idea was that any time devoted to lab-

ortaory work more than a certain minimum was wasted. The results of modern
experience show that theory can be better taught in the laboratory than in the

class-room, because its application follows at once on its announcement. It is thus

fixed in the memory and ceases to be an abstraction. Besides, if the habit of apply-

ing knowledge is not learned in the schools it will hardly be learned outside of

them except by a long and painful experience. Both as mental recreation and to
"T'he prineipls to train the powers of observation necessary for practical life a certain number of

cp iD^viww.
j^pyj.g gg^g]^ (jf^y should be devoted to laboratory practice of some kind, so that the

application of the theory may be learned at the same time as the theory itself.

In all laboratory work the principle should be to teach men how to do good
work, but not to waste time after they have learned how. It is not the object of

the professional school to make skilled workmen of the students. The moment
they have learned how a piece of work ought to be done they are capable of teach-

ing those who occupy an inferior position how to execute it properly, and if this

instruction has been coupled with the teaching of how to accomplish what is to be

learned with the least amount of time and expense of material, they can t' ach

other men to be skilful without necessarily being skilful themselves
What is wanted of the engineer is not to do work accurately with hii «wn hands,

but to know how to do good work and to recognise it when it is well done and how
to correct what has been poorly executed.*

•TransactionB of th« Amsrican Institute of Mining Engineers, toI. xvi, pp. 643-6.
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Here in Ontario there are lew raining engineers or metallurgists, chiefly

no doubt because we have hitherto had so little need of their service, but also g^^i f^Mech*

because we have no schools or colleges where they might receive instruction, onuri^"*'"^
^'^''

Should the mining industry become established a demand would necessarily

arise for men of technical training, and in that event our schools ought to

furnish them. Our young men have now to go abroad for special courses,

and it is not unlikely that a majority of their numoer succeed in getting

foreign employment and never return. It is hardly creditable to our province,

with its excellent schools for primary and higher education, that no suitable

provision is made for a thorough course of instruction in mining engineering

and metallurgy, especially as the country is believed to be rich in minerals,

and that most of the ventures hitherto made to raise and treat the ores have

resulted in failure through want of skilled knowledge to carry on the opera- The School o*.
°

^ , .
Practical

tions. The School of Practical Science provides a part course in both subjects. Science,

by the instruction given in civil engineering, chemistry, mineralogy and

geology, and the most obvious plan would seem to be to strengthen that school

by the addition of one or two professors of good standing and furnish it with

a first-class mineralogical museum and appliances for the extraction of metals

from their ores. It may be said that a school of this kind ought to be located

at some point convenient to the working mines, where practical operations

could be witnessed, as is the case in Michigan and also in several European

countries. But the Houghton school has its reputation yet to make, and in

view of the eminent success of such institutions as the Columbia School

of Mines, the Massachusetts Institute of Technology, the Royal School of

Mines, London, and the Ecole des Mines, Paris, it would be rash to say

that a similar school in Ontario could not prosper in its chief city and attached

to the provincial University. It would be at least an experiment to establish

a new school far out from the centre of population, where a complete and

independent staff of professors and instructors would require to be main-

tained, instead of utilising an institution already established and well

equipped to give instruction in the scientific part of the course ; an-^ a good

cou'-se in the sciences must always be an essential part of the training in

technical schools.* It was the opinion of Sir Lowthian Bell, as stated to

the Royal Commissioners on Technical Instruction, that, as in Fiance and

Belgium, a much better purpose would be served by establishing technical

schools throughout the country and that every industrial district had a pre- schools*
"**^

*In his evidence before the Royal Commission on Technical Instruction Dr. C. William
Siemens said :

" If I were to draw a comparison between a man who has keen taught science
to the highest point and then thrown into practical life, with no contact with the dereJop-
ment of science, and another who has not had those advantages but who has had oppor-
tunities of refreshing his knowledge and advancing with the rapid advance in science and
applied science, the balance would be entirely in favor of the latter. There is no such thing
as a resting place in science, and still lesft in applied science. The procespes of to-day are no
longer the processes of to-morrow ; that is where a man of polytechnic training ii often at a
disadvantage as compared with others ; his education in science and applied science has
become to hint a treasiire which he likes to dwell upon, and by new discoveries all this
treasure falls to the ground, and he has to wander about like anybody else, trying to under-
stand this new adTance. It is for that reason that I am very strongly of opinion that applied
science may be very easily overtaught, but that the fundamental principles of science can
never be overtaught because a person who is well impressed with those fundamental prin-
ciples will hail with delight a new advance, because he sees how one principle has led up to
another, whereas a person who has been taught science in its application is offended with,
the new adTauie and is at a loss how to deal with it.—Report, vol. Ill, p. 135.
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ferential claim to London. " But still do you think it would be better," Mr.

Magnus asked, " that there should be four or five smaller schools connected

with the general science schools, which are distributed all over the country,

than that there should be one school situated in London 1" " I unquestion-

ably say so," the witness replied, " and the example of foreign countries bears

me out. You have in Brussels the head school of Belgium, but you have

others in that country
;
you have one at Louvain, and another at Liege, and

probably others. In like manner in France, besides several schools in Paris,

you have others in the provinces."* The propriety of doing in England what

Sir Lowthian Bell recommended does not need to be questioned, but the

circumstances of England and Ontario are widely diflferent. With us the

industry is only in its infancy, and we have few trained men to fill any place

requiring superior skill, either in mining or smelting or manufacturing works.

One school well equipped would serve our present needs, and nowhere else

could it be so economically established as in connection with the Practical

Science department of the state University. It may be necessary, even

in the near future, to extend cur facilities and open other schools where more

of the art and less of the science of mining and metallurgy could be taught.

If capitalists cannot be induced to erect iron furnaces or silver, copper and

nickel refining works, it may be deemed advisable by the government to demon-

strate the practicableness of such enterprises. This has been done in one or

two of the Australian colonies and elsewhere, and if the scheme were adopted

here a government furnace and refining works might be utilised in giving in-

struction to students and others at convenient seasons, extending the course

of study cautiously as the call for it might warrant.

Byron E. Walker—I am general manager of the Canadian Bank of Commerce,

and reside at Toronto. I have paid some attention to geology. I have collected

for many years past the reports of the surveys of the states of Minnesota, Wiscon-

sin, Michigan, Illinois, Iowa, Ohio, Maine, New Hampshire, Vermont, Massachu-

setts,.Rhode Island, Connecticut, New York, New -Jersey, Alabama, Tennessee,

Missouri and California. I have the complete reports in almost every instance,

but there may be a few recent ones which I have not yet got. I wish to state to

the Commission my views regarding the pressing necessity for a complete geological

survey of the province, showing its resources not only as to its minerals but as to

every kind of raw material we possess apart from the products of agriculture. I

think anything short of a full survey of every county in the province and the

examination of our entire geological resources would be a great mistake economic-

ally, and I will endeavor by comparison with the neighbnring states to show what

has been done and what is being done by other peoples situated similarly to our-

selves. As early as fifty years ago the more progressive of the uovernments of the

several states in the United States began to examine their natural resources with a

view of demonstrating to the people the extent of their wealth in raw material.

Reasonably complete surveys at this time were made of the statis near the Atlantic

coast, such as Massachusetts, Maine, Connecticut, New Hampshire, Virginia, the

Carolinas, etc. At the same time the less settled middle and western states made

*Reporfc, vol. in, p. 27. Of the practical value of scientific education to young men in

the iron trade Sir Lowthian Bell -said : "I think the necessity of some scientific education is

now so generally recognised that a young man in a few years will have a difficulty in obtain-

ing employment if he has not been scientifically educated. If you will take, for example,

our ordinary blast furnace work, science has taught us the quantity of heat which different

kinds of fuel are capable of evolving under different conditions ; we have been taught also,

chiefly through men whose minds have been devoted to abstract science, the amount of heat

which is required in every part of the smelting process of iron. It must be and is no doubt

a great advantage to have a man connected with the management of the works who has been

thoroughly grounded in the?e somewhat abstruse philosophical questions, and I have no

doubt at all that before long such a scientific education as it involves will be considered a

sine qua non.—Vol. in, p. 25.
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rough surveys indicating the general features of importance in each state ; while New
York began a series of reports upon its natural history which, commencing in 1837,

are not yet finished, and are recognised all over the world as a magnificent evidence of

the intelligence and wisdom of its peo,ile. It is to be noticed that the federal govern-

ment was not at this time doing anything in a regularly ordered way, although many
valuable reports in connection with expeditions across the continent, the examina-

tion of lands for settlement, and subsequently the building of the Pacific railways,

were published under authority of different departments of the government at
undar'^direotior

Washington. It was not until the department of the interior commenced what is of the federal

called the geological and geographical survey of the territories, about 1867, tliat the government m
federal government can be said to have taken up in a distinct way the matter of

carrjnng on surveys, and these it will be noticed are of the territorial possessions

and not of any of the states. I mention this fact because the opinion has been
held by some parties that it is the duty of the Dominion government to furnish such

information for all parte of Canada, and I think it cannot be made too clear that

the Domniion government is not likely to do anything of the kind for a jjrovince

as wealthy as Ontario. These early American reports are not very different in kind

from that made by Sir William Logan in 1863, except that they are often much
fuller in details. They were made at a time when the knowledge of geology -was

much less perfect, when few railroads had been built, and the work of held geology
••

i aJ

was in every way more difficult than it is now. Nevertheless the value of these ^j reporta

reports to the various states in inducing settlement and in creating enterprises of

niiny characters depending on raw material is incalculable, and the reports them-
selves are today regarded as invaluable by those who are fortunate enough ^^

i- .
. ti.

possess them. A few years after the war the wealthy states of the northwest and nonh-westem
west also began the preparation of reports which set forth the natural wealth of the states,

particular states in a manner rendering it comparatively easy for any capitalist to

ascertain without difficulty the resources of a particular county, or the various

p )ints in the state where a particular substance in which he may be interested is to
v' h'

be found. In the survey of the state of JVIichigan, begun in 1(?69, I find that in gu/vey.

addition to volumes on the iron-bearing and copper-bearing rocks and other ores

we are supplied with numerous analyses and with superb maps of actual mines
in operation, as well as of mining districts ; the report also gives information

as to the distribution of forest lands, soils of the various parts of the state, local-

ities where stone for building purposes may be obtained, clay for brick-making,
sand for glass-making, gypsum, hydraulic cement rock, slate, etc. Numerous
analyses are also given of salt wells, chapters on the material and cost of barrels,

and other information in connection with the making of salt, and statistics as to the
fjgport on the-

cost of working many other materials. With reference to the salt industry, 1 may salt industry,

say that while residing at Windsor it came to my knowledge that very many numbers
of the third volume of the Michigan reports containing information regarding the
salt industry came into Canada for the use of our own salt, producers in the

Goderich and Seaforth districts, much of the information being as useful to Can- .

s of Ohio^
adian as to American producers. The survey of the state of Ohio begun in 1873, luinois and the

and of the state of Illinois begun iu 1866 and already extending to seven volumes, north-western

provide a separate geological map for each county. The natural drainage, surface ® *^*''"

features, geological structure and resources of every kind of each county are

treated separately. As a consequence we notice that almost as much attention has
been paid to the matter of building-stones in Ohio as to the matter of coal, although
anyone living out of the state might naturally suppose that the latter i^roduct

would be given much the greater importance. Of the nortlr-western states,

Iowa, Wisconsin and Minnesoti have i:)ublished somewhat similar reports. It

would be impossible to adequately describe here the survey of the state of New
York. It is divided into several departments of natural history, having among the The survey of

number one volume devoted to mineralogy, four volumes to geology and seven or ^** '"^ *
***

eight (published during the last 45 years) to palaeontology. These reports are the
foundation of all geological knowledge in North America, and render the work to

be done in this province much less difficult by the information already stored up in

them. It is probably well known to the Commission that almost every t^tate of any
commercial importance in tlie United States has made a more or less complete sur-

vey. 1 have not attempted to enumerate them, but I invite the Commission to
examine my collection of reports if they desire to do so. The state of New Jersey Xew Jersey

in connection with its survey has recentlj- completed an atlas in seventeen very geological atlas,

large maps, in which every variation in elevation of 100 feet is given. It is not to

be supposed that the province of Ontario will be able to do such a thing for very

I
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many years to come, but when we consider that the possession of such an atlas

would enable an engineer to plan a railroad without further assistance ihe value of

it can hardly be over-estimated. While residing in New York the inconvenience of

not having a survey of the province was frequently brought to my notice. In our
banking business there we give credits for the importation of phosphates into tl e

southern states, where they are used for improving the cotton lands, ^nd our busi-

ness also brings us into contact with wealthy southern capitalists. In meeting
southern merchants they have often asked me if it were true that there are phos-
phates in Canada, the question indicating that if in Canada at all th^'y might be
anywhere between Nova Scotia and British Columbia. The state of Pennsylvania
publishes a great number of monographs in such a convenient shape that anyone
can obtain a report regarding the whereabouts of any particular mineral in the
state. Now if there were such monographs or other reports of the province, it

would have been a simple matter to direct those capitalists who were interested in

phosphate mining to the public office where such reports might be obtained. I have
had similar experiences with reference to many other of our resources, but this will

suffice to show the direct practical value of a report. The state of West Virginia
is a signal instance of how much is lost to the people by the authorities not
acquainting them with the natural wealth of our own lands. It was a wild,

mountainous region when Virginia was surveyed fifty years ago, and since it was
made a separate state at the time of the war it has been too poor and unprogressive
to have a survey made. Its resources must be almost identical with Pennsylvania,
but for lack of acquaintance with these its invaluable timber, coal and mineral
lands have passed into the possession of northern capitalists who went to the ex-

pense of prospecting on their own account. The Commissioners know much better

than I do whether or not similar results are taking place in Canada to-day. I know
of no intelligent and progressive part of the world where the attempt has not been
made to place these facta before the people, and I trust that before many years
Ontario will no longer be in the rear. I have so far spoken only from the point of

view of the business man, representing through the institution I serve large

interests in the province regarding the commercial value of a survey. But I would
like to add a few words regarding the necessity for a report on the palaeontology of

the province. You are aware that no report on the geology, lithology, etc., can
be made without a thorough examination of the fossil-bearing rocks, and it fol-

lows that a large part of the work of such a survey consists of gathering palajonto-

logical specimens, which should form the beginning of a great public museum.
It may be argued that this province is not wealthy enough to concern itself

with anything but economic questions at the moment, but the value to our
educational institutions of a collection of fossils gathered in this province, one of

the richest fossil-bearing portions of the globe, cannot be insisted upon too
strongly. I have for many years been an amateur student of paheontology, and
have a large collection, gathered mainly in Ontario. It is within my knowledge that
during the last twenty years a very large number of specimens, which in many cases

may never be duplicated, have been sent to Great Britain, Germany and the
United States for examination by eminent men there, simply because we had no
geologist in charge who could take an interest in such specimens. In naming the
fossils in my collections gathered in the Upper Silurian and Devonian formations, I

have for many years used the New York state reports, and as a matter of fact hun-
dreds of illustrations in these reports are made directly from fossils obtained by the
assistants to the state geologists from the counties of Haldimand, Welland, Lincoln,

and Wentworth. The township of Bosanquet in the county of Lambton is a

remarkably rich place for fossils of the Hamilton formation. Illustrations of these

from actual Canadian specimens are to be found in great numbers in the Michigan
reports and in the most recent publications of New York state. The only publica-

tion available to the Canadian student who has not access to these American
volumes is a s nail report by Professor Nicholson in 1874-75. Sir William Logan's
report of 18G3 is comparatively useless for such purposes, and the palaeontologist at;

Ottawa ha^ publisheci nothing of late years except a monograph on the Guelph
formation in 1884 ; so that while we have been almost utterly unmindful of the

treasures in our rocks, the geologists in charge of the surveys of neighboring states

have visited the province and carried away invaluable specimens, and the various

geological journals in Great Britain and on the continent have been busy discussing

some of our most remarkable discoveries in palaeontology. Some years ago a Can-
adian professor prepared drawings and descriptions with the nomenclature of several

varieties of graptolites, rare and fragile fossils found in the shales of the Niagara
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group at Hamilton, and after many tfforts to get them published in Canada they

eventually appeared as a monograph of the university of the state of Missouri.

The same gentleman took the trouble to obtain from the various railways and to

tabulate all the elevations which had been taken in the province of Ontario, mak-
ing a pamphlet of 43 pages, representing a great deal of labor valuable to both

geologists and engineers, and there being no medium through which this could be
published in Ontario it forms bulletin No. 6 of the United States geological sur-

vey. Having very little time at my disposal I have only attempted to bring

together a few faets from a non-professional point of view, but which seem to me
to show sufficient reason for the establishment of a survey, with instructions to

make in the first place a report somewhat similar to those made in the United scope of the

States and in most European countries and British colonies ; that is, a report work,

covering in a series of volumes a survey of the entire surface of the province, to

be followed thereafter, practically for all time to come, by occasional reports to be

issued by a permanent geologist in charge, so as to keep our stock of knowledge
always as full as possible, and on a level with that of other countries. One of the

results which would doubtless follow from such a survey would be the establish- A public

ment of a public museum, exhibiting our minerals and other raw material, and our ™Xand 'fossils'

remarkable series of fossils placed in a suitable building in Toronto, duplicate spe-

cimens being supplied to the larger public schools throughout the province. The
commercial and educational value of this alone would repay the cost of a survey.

Columbia ( 'oUege has supplied the west with experts in mining, and without Columbia school

the appliances they have in New York much that has been done in the United °^ mmes.

States could not have been done.

A. B. C. Sehoyii—As to educating prospectors, I do not think the class of men
who prospect are the men you can educate into scientific explorers ; I do not The use of

think there is anything helps them better in prospecting than good geological and f^^^aphicaf
topographical maps, and I think the province would do well to get up a good map. maps and

Prospectors have a good idea of what they require. Collections of specimens such specimens.

as we have at the museum here help explorers a great deal. There should be a

mining engineering course in connection with the universities. I think every

university should have a course in natural science. I also think that compulsory
g^^^jg^-igg ^j^.

returns of the output of mines and of the work done would do good. In Nova injure a boom,

Scotia it is done, and is found to have a good effect. It has not hindered develop- but that is no

ment there. It may injure what is called a boom, but that is never desii-able,. and °*^'

generally results in loss to someone. The main object of a government geological

survey should be to a.s«ertain the facts, whether favorable or otherwise, and state

them truthfully and impartially.

B. T. A. Bell—The institution of a school of mines would undoubtedly result
^^^^^^ museums

in a great deal of good, but I doubt whether the industry is far enough advanced of mineral

for ttiat yet. I think the establishment of small local museums where mineral specimens,

specimens could be seen and examined and information gained would do a great

deal of good. Lectures and instruction with the blow-pipe during the winter
months might dlso be introduced with advantage. I think there should be conipul- Lectures and
sory returns of output made to the government. The information collected by statistical infor-

the Geologieal Survey is already doing a great deal of good, though the equipment nation.

of the statistical section is by no means complete as yet. It would be in the interest

of development to establish a bureau of that kind in Ontario. There should be a

law compelling mine owners to give such statistics, and the statistics should also be
^jj agwstance to

readily accessible to the public at all times in the government oflices. Such a mininc men,

bureau would be an assistance to mining men, prospectors and capitalists. At
^°?^^i*^'^

*"*'

present the great difficulty is to find out what information about mineral properties

«r mines is to be relied upon. Some parties give information willingly, others will

not, while others again will lie. The only way I can find out about the quantities

iinined and shipped here is by going to the stations and the custom houses.

David Boyle—My connection with mining has jbeen altogether of an educa- ^ school of

tional and not a practical character. I think it would be highly advisable to estab- mine* advisable,

liah a school of mines. If we had but the tme scht)ol I think Toronto would be the

place to have it. The largest number of visitors and people come here, ami it is the

business as well as the educational centre of the province. A chemical course in „. .,„_,_..,,,,., , , • , . 1 11, 1 Chemioal course
connection with the high schools might do a great deal towards preparing young ,„ the high

men to take a course of this kind. I think every high school should be provided schoole.

with specimens and illustrations of the dift'erent formations, metals and minerals.

A stamp mill would be required in a school of mines. Analysjes of specimens are
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very misleading, as samples are generally picked. To ascertain the true rich-

Stamp mill. ness of an ore requires the reduction of several tons. The cost of a mill is from
$1,000 to $1,400 a stamp. I think about a six-stamp mill would be required. I

do not know what the cost of establishing a school would be. It might be an
attachment of the university or of the school of [iractical science. I believe it

could be establi htd at from $-20,000 to ^30 000. I was at Cincinnati in connection

with the Ontario exhibit. That exhibit attracted a great deal of attention, and
it opened the eyes of a good many of our own people. Business men, men con-

nected with the iron industry, and with other metals, were led to make inquiries

concerning our resources. It seems to have been taken for granted till recently

that Ontario was nothing but an agricultural country and the Dominion geological

survey has neglected it almost altogether. With the means at their disposal
An Ontario g-eo- ^^^^ j.j^g enormous territory they have to attend to it cannot be expected that

staff.
" ^ Ontario should receive the requisite attention. I think it would be well there-

fore for Ontario to have a geological staff of her <wn. The wisdom of sectional

surveys has been shown by the reports of several of the American states. They
give a good deal of attention to natural history, biology and archieology. I

think an appropriation of from $15,000 to $20,000 would do a great deal for a

collection in those fields. A museum might be foraied to include minerals, limber,

etc. I thmk most attentiitn should be paid to the economic minerals, but there is

no reason why, when a man is starting upon a geological tour, he should not be

requested to keep his eyes open to biological facts also.

W. H. Plnmmer—A great many of the prospectors lack scientific knowledge,,

and I think it would do good if the government sent a skilled man to deliver

lectures during the winter at all mining centres. I do not think the government
ought to put up stamp mills ; that is a matter of supply and demand, and should be

so treited. I think it would be a good thing to have an oflice with specimens here

so that prospectors could compare them with any rocks, ores or minerals they might
come across.

Wm. A. Allan—A school of mines would be a very good thing indeed. There-

is a great want of knowledge of mining here ; there is no knowledge of the forma-

tion and occurrences of the rocks. It would be well to make it necessary that a
mining captain should hold a certificate of competency, and there should be a de-

partment for the issuing of such certificates. Lectures to prospectors would also'

be valuable. The majority of men here can tell phosphate when they see it, and.

that is about all. I think it would be well to have a law compelling the r. turn,

of statistics; it would do away with a great deal of deception that is practised.

S. J. Daxvson—I think it would do good to have a course of lectures delivered

to pi'ospectors, especially if in connection with a test mill and an assay office. I

think the collection of ni'ning statistics and the circulation of the information would
be highly desirable, and would lead to a great deal of good.

D. W. ButUrfield—My home is at Waukeegan, 111. I have had between six

and seven years' experience in gold mining and milling, particularly in the Black

Dakota school of Hills district. I have held the position of superintendent cff the Vermilion corn-

mines, pany since the 1st of April this year. Within the last two or three years a school

of mines has been established in Rapid City, Dakota, about 50 or 60 miles fromi

the mines. The pupils are taught assaying and chemistry, and they have small

mills for working ores of different kinds for testing and experimenting w^th them.

Charges are made for assaying to make it as nearly self-sustaining as possible.

Mineralogy is taught, and there is a regular course for the students. I think the

course is either two or three years. The school is well patronised and is doing
good work. After the students go through the course they are supposed to be
mining engineers and experts and to be able to report on mines, to handle different

ores, to know the nature of them, etc. I think a course of lectures to prospectora

at a low rate would have a very beneficial effect on prospecting ; if such lectures,

were given in the principal mining centres I think they would be well attended,

in Daiojta**'^*'*^^ I^ Dakota the government publishes statistics of mining ; they send round an
officer to the different mines to collect the information, and then it is published

by the government. I think they publish the statistics of each mine separately,

and they have the power to compel answers to questions. From my experience

the publication of such statistics is of great service.

Special instruc- Sir James Grant—I think a school of mines would do the greatest good. It

^°» '?ee''ed in -v^ould turn thought in that direction, and young men would take to the mining

new industry, business instead of studying medicine and law, professions which are very muck
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overcrowded at the present time. The erection of stamp mills would be also a

good idea, as also would lectures to prospectors. I think there should be compul-
sory and accurate returns of mining statistics made to the government. That would
induce capital to be invested by giving capitalists confidence.

D. E. K. Stewart—I think as a matter of public interest and information statistics would
it would be well to have mining statistics collected and published. I think it would aid the mining

tend to the development of the mining industiy. I would approve of making "'<lustr}-.

mining returns compulsory by law.

John Galbraith—I am professor of engineering in the school of practical

science. I have given a good deal of consideration to the question of technical mg^wid Migi-^

'

education as connected witli mining. Mining engineering, as far as I understand neering.

it, is about as indefinite as civil engineering. Men are employed who lay out shafts,

levels, etc. : that is mining surveying, and it can be taught in the school as well as
anywhere else. The rest of the mining engineer's work is done under the captain-

or the superintendent, such as the arranging for tunneling, excavating, and the
practical work generally. Personally I do not believe in a great deal of what they
call the practical work in an engineering course. I do not touch any practical work ^aste'Ttim^^or
connected with blasting, excavating, or anything of that kind. I look vipon it as a the studejn.

waste of time. I think the student should be taught everything he cannot acquire
on the works afterwards, leaving the practical part to himself. Nearly all the
students wlio have taken the course with us are engaged on railways, canals, and
on city work. I do not know of any that are employed in mining. In the regular
civil engineering course they take the elements of mineralogy and blowpipe prac- a mining
tice, but they do not go into assaying. Two or three have taken the ordinary engineering

engineering course and added assaying. A mining engineer must be a civil engineer.
*-°"'^®'

He should know the geology of minerals ; he should know the use of the blow-
pipe and something about assaying, and he should know more especially the pre-
paration of minerals for the market. That could be taught under the roof. The
requisite machinery could be erected and its use taught in the school. I have been
at Columbia College, where the mining course is a civil engineering course com-
bined with mineralogy, assaying, and the preparation of ores for the market. The Lectures to

course at the Boston school is about the same. Lectures to prospectors at mining prospectors,

centres could be given at small expense. Arrangements could be made with the
local assayers to form a little school, and that might do a great deal of good. The
professors could deliver lectures when possible, but the only time they could get
away would be during vacation. The members of the Geological Survey might
also be able to do a little of that kind of work.

^neas McQiarles—The erection of a stamp mill for the purpose of testing ores
would be a benefit ; a small fee might be charged which would go towards paying Stamp mills

the expenses. The establishment of a school where prosj^ectors might learn a little
schools and

geology would I think be a great help to prospecting. I think it would be a good
thing to have lectures delivered in mining centres during the winter time.

Thomas A. Towers—Where there has been a discovery I think the government
should use the diamond drill ; I think it would be a proper expense to charge upon A government

the property. Part of the tax on the land should be used for encouraging the diamoad drill,

mining industry. A local assay office and the erection of a small custom mill by
the government would be a great benefit. A course of lectures delivered at mining Assaying and

centres would also do good, inasmuch as it would bring a higher class of explorers
^^'^*^""®^

into the country. A good collection of rocks for the prospectors to examine and
compare would also be of considerable benefit.

Henry Ranger—I reside at Mattawa. I am one of the original shareholders of
the Vermilion Gold company. My business was formerly that of a bush-ranger, ^ ^^^ *"** /^°?'

but for the last two years I have been prospecting in this country. I have dis- opinion,

covered minerals in Denison. I discovered in the first year copper on lot 12 in the
4th of Denison, on 1, 6, 8, 9 and 11 in the 5th, and on 8 in the 4th. The second year I
discovered gold on 7 in the 4th and gold and copper on 6 in the 4th. I discovered
a quartz vein with gold and silver on 5, and on 1 in the 4th a quartz vein with gold^
In Graham 1 discovered iron pyrites on 12 in the 3rd and a quartz vein containing
copper, pyrites and galena on 12 in the 4th. In Snider on 12 in the Gth 1 found
copper. That is all. I had no previous qualification for the work. I think it would
be a great advantage to the prospector to be instructed as to the metals and the
rocks ; it would have been to me. I got instructions the second year from the
man that brought me to prospect for him, Mr. McConnel, and I found it of great
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use to me. I was the first to discover gold in this part of the country ; this was on
the 3rd of September, 1887, on lot 6 in the 4th of Denison.

James Stobie—The giving of a course of instruction at the mininji centres would
do a great deal of good, and I think many would attend them. A good C' ilection

of rocks for prospectors to compare with would be a great help.

Robert McCormack—It would be a good thing for prospectors to have a place

where they could get instruction ; I for one would spend all my spare time there.

John Babcock-^A. system of instruction for prospectors would be a great boon,
and they would take advantage of any such provision.

Francis Andretvs—The ores here are different from any other place in the
world, and I think a school of mines would be a good thing so as to teach young
men to handle them properly.

Peter McKellar—I think a mining school established at Port Arthur would be
a good thing. It would be well to have a small test mill and concentrators, and to

have a chemist to assay the ores. The whole establishment, buildings a«d all, could
be erected for $20,000.

James Conmee— I think it \vould be a good thing for the government to estab-

lish a mill, as has been suggested, or perhaps it would be better to bonus a com-
pany. At a cost of about $75,000 moderate works could be put in operation, and I

think they could be made nearly self-sustaining. I am figuring on a twenty-stamp
mill, and snch an establishment as they are aiding in the States. This tw enty-stamp
mill would be large enough for practical work as well as testing. There should also

be a furnace to treat ores. The government should charge the actual cost of

treating to those who brought their ores, and make it as far as possible self- sustain-

ing. There should be a school of mines in connection with such an establishment;

that would give the students a good practical education, so that after they pass*^d

they would understand the practical running of a mill. At present they are nearly

all foreigners at the head of mining enterprises in this country.

W. H. Laird—I think the government should treat the mining as they have
treated the agricultural industry, and establish a school of mines and experimental
works. A course of instruction to prospectors here would do a great deal of good.

The country is not properly explored at all, new discoveries are being made every

day, and when the country is covered with timber exploring is a very difficult

matter ; therefore the government should do all possible to encourage the pros-

pector.

D. F. Burke—A school of mines established here would be a great benefit ; it

would supply the demand for skilled men. A great sum of money is every year
wasted by people going into mining who do not really understand what they are

doing. The erection of mills would also do a great deal of good ; it would enable
people to take fair samples of their ores and have them more satisfactorily tested

than is possible by sending a small piece to get assayed. I think it would be a
good thing for the government to appoint an assayist who should only be allowed
to charge a nominal sum, say a dollar, to make an assay. If that were done
twenty assays would be made for e\ery one that is now.

Thomas Hooper—A mining school would be a great help to the mining industry

here, but the first and most important thing to get is a railway. The state of

Michigan has established a school of mines at Houghton, spending $90,000 for

buildings and $25,000 a year for equipping and running it. It is well patronised ;

the fees are very light, just enough to pay for the light and chemicals used. This
school is in its third year now. A class of six will get their diplomas this fall, and
they have contracts with companies to go to work as soon as school is out. Civil

engineering, mining engineering and assaying are taught. Prospectors can obtain

knowledge without yoing through the whole course. I have two sons who have
been attending the Michigan agricultural college, and it is my intention as soon as

they get through their course there to give them a year at the mining school. They
have a good staff of professors ; I think they pay the principal $5,000. Students
from the state are admitted free, but have to paj' about $30 for the chemicals for the

three terms. Tha establishment of smelting works would be good, but I am not sure

that it is not a little too soon yet. But above all things a railway is what is required;

"with a railway development would be done that without it will take years. I do not

think you would have to call upon the government for smelting works if they would
give us a railway. I think there would then be capital enough found to build the

smelting works without troubling the government.
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T. H. Trethewey—There are very few mining men in Canada, and I think the

establishment of a mining school would be a good thing. ^ ^^'^ "^"*"

Henry H. Nicols—No doubt the establishment of smelting works here would
be a great advantage. They are in operation at Piiebla and five or six other places

out west. The city of Puebla <jave a bonus of $100,000 and the land in order to Puebla smelting

secure the smelting works. J think that here, as it may be sometime before private ''''''^•

capital will establish them, it would be well for the government to take the matter

in hand, in Colorado we have a school of mines and we find that it is an advan- q i ^
tage. I think it would be well for this province to establish one too. If such is to of miues.

be established I think it would be better to establish it in the mining regions.

William Murdoch—The establishment of a stamp mill, where the poor man
might have his eight or ten tons put through and get his money for it less the charges, stamp mill and
would I think be a very good thing ; it would enable him to realise and go on with sample works,

his work. I got a letter from a gentleman that he would put up the machinery if

the government would help to some extent. The town of I'ort Arthur has passed

a by-law to exempt such works from taxation for ten years. It is advisable to have
reduction works separate from the smelting works. To establish reduction works
would take about 860,000 or 875,000 of a bonus. For sample works 85,000 of a

bonus would get them here at once and they could be put up this fall. I think a Failure a result
mining school is a most important thing ; all our failures have been through want of of want of

knowledge. Lectures to prospectors would also be very useful. I think Port •knowledge.

Arthur would be the best point at which to establish a mining college.

Jolin C. Haskiiis—A mining school would do a great deal of good, and stamping
and reduction works would be most useful.

Al'xander Matheson—A requirement of first class importance is a stamp mill A stamp mill

to help development work. In my opinion this would be the making of the mining ne^ed to pro-

interest in the Lake-of-the-Woods district, especially if it was established and ment work,

•carried on as a government work.

E. B. Fralick—I think the establishment of works by the government would tend
to cause development of the gold properties in the Hastings district. People have

f v,

told me they were aware )f the existence of mineral deposits, but they would not caf knowiedge'^^"
tell where as they said they could not do anything with them. Government works, a chief cause of

such as stamp mills, would induce such people to lucate their finds and go on and ^*''"''®-

develop them, besides setting more men to prospecting. A school of mines would
also do a great deal of good. The want of technical knowledge has been one of the
chief causes of failure, and were such a school established a large number of young
men would take to the biisiness and it would be a great benefit. Except for iron
this section of the country has never been properly explored. A course of lectures

to jDrospectors and a collection of specimens for making comparisons would be of

excellent service.

Joseph Bawden—I don't know that any advantages would accrue to the iron

trade by educating the prospectors ; no doubt there are many great deposits that
have not yet been discovered, but there is enough discovered and in sight to last

for a long time. There is a very large mining section back of Kingston and I

think we might have here, in connection with our university or otherwise, a school mfnee^
°

of mines. There will be a demand for mining engineers, and a large part of their

education should be gained by visiting the mines and examining the ores. In con-
nection with the department of agriculture we should have a bureau of mines.
I think it would be greatly to the advantage of the country in general and the
province in particular if instruction was given in the high schools on the subject
of mineralogy and mining engineering. Our lack of information as to the geologi-

cal formation of the country is very great ; scientific men are required.

William. Caldioell—l think it would be a wise thing if the government had a practical educa.
diamond drill and worked it in places. If any minerals or ores were found it would tion is the need

pay tbe government ; in any case the government should stand the chance, xhe "^ ''*'® ''*'""*''^-

ores placed in the museum would be of great value in many ways. What is wanted
in this country is practical education, and I think a school of mines would be the
right thing. Any expenditure in that direction would be money well spent.

James Bell —A. school of mines would do a vast amount of good. There is a ignorance con-

great deal of ignorance concerning mines and minerals generally, and mines are anT mfneraJs^'
worked largely in the dark.

B. E. Charlton—I think a school of mines would be a great boon to the pro-
4i'ues*would ba

vince. Many men engage in mining without the requisite knowledge, and after » great boon.
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spending a large amount of money they leave it in disgust. The character of the
mining puzzles strangers in this country. V^e are in want of skilled men.

A. J. Gattanach—A school of mines would do an immense amount of good.
There should also be places where ores could be analysed and tested.

William Ward—Capital is difficult to procure because as a rule mining
operations in Canada have not been successful, failure being generally the resxilt

of bad management, and in some instances on account of a too limited market.
One of the great wants of this country is skilled miners. It is found that miners
coming from other countries are altogether puzzled when thev get to the north
shore. Geologists have said that there was no gold on the north shore ; now it

has been found, but it is impossible to say in what quantity. The establishing of
a mill where a large quantity of ore could be tested and the value ascertained
would I think do a great deal of good. I have very little faith in assays of small
specimens. Such a mill might be in connection with the school and the government
might have the right to retain the product of the ores sent to them, and that might
help to defray the expenses. A school of mines might be established in ci nnection
with the university. A great deal of loss is entailed by want of knowledge. A
thorough geological survey of the province would be useful.

George A. Shaw—The government might do a great deal of good by bonusing
or putting up smelting works and an assay otHce. The Avorks should be put up in

a central point in connection with a school where young men could be trained.

Toronto would be a central point. All our mining engineers now come from the
States ; there are none here. I do not believe in assays, and I think there should
be works where ten tons could be tested. The necessary reduction works with
stamp mill could be put up for about §25,000. A ten-stamp mill would cost about
$10,000. There should be a good assayer and chemist and he ought to have all

the best appliances.

Arthur Harvey—I do not think a school of mines is to be looked upon as an
assistance to practical miners. I think the mines have been properly woiked in

the lake Superior district, and that there has not been a want of skill and intelli-

gence. Take the case of the East Silver Mountain mine : an .\merican company^
not finding silver after expending §15,000 abandoned it. An English company
took it up and have spent §100,000, and they have not yet got any silver. I think
that shows that the American company acted wisely. The Badger, West Silver

Mountain and Beaver are carried on with energy and skill ; of course mistakes
have been made, but mistakes will be made under any management. A bonus for
the erection of treating works at Rat Portage and Port Arthur would do good. In
three years they would begin to pay, and then the government could sell them.
Now if two or three men get out ten or twenty tons of ore nothing can be done
with it. Works at a central point, easy of access, would be a great boon.

E. B. Borron—There is a larger class than either the explorers or the
capitalists specially interested in the development of our mineral resource.'. I refer
to the miners—all employed in the various operations of mining. It is important
that miners generally should be able to acquire such knowledge as will best fit them
for the intelligent performance of their duties. It is from this class that in times,

l^ast mine captains, agents and overseers of the different departments have been
taken. To one contemplating making the extraction of ores from the earth or
mining in its limited sense a speciality some knowledge of geology, mineralogy^
mechanics, the use of such instruments as the miner's compass or dial and levels

etc., and mensuration and drawing in addition to a common school education,
could not fail to be valuable. To the ore-dresser a knowledge of fewer subjects
would seem necessary ; mechanics, mineralogy and some little knowledge of level-

ling, drawing and assaying are all I think of on the spur of the moment as likely

to be of particular use to him. To the smelter a special knowledge of chemistry^
physics and mechanics is necessary. Th'^ best time for boys to acquire this know-
ledge is between the ages of 12 and 15. As miners generally make very good
wages there are 'many between the ages of 20 and 30 who would be glad of an
opportunity to improve themselves so as to qualifj' for higher positions. The places
where such instruction should be imparted are the high schools or collegiate insti-

tutes most central and convenient to our principal mines. Sault Ste. Marie and
Port Arthur would be points well suited for the lake Huron and lake Superior

the high schools, districts. There is at present one science master on the staff of teachefs in all

collegiate institutes, if not high, schools ; tlie addition of another, who might with
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advantage be a mining engineer, would probably be all that would be re-

quired. It is important to all concerned that the mineral statistics both

in respect of (quantities and values should be I'eliable, by whichever government
they may be compiled. These statistics, till lately taken in a great measure from
the trade returns, have been grossly inaccurate and misleading, as may be seen by inaccuracy of

reference to the report of the Geological Survey for 1887. It is there shown under customs statis-

the head of .silver alone that there is a discrepancy of two or three millions of dol- "^ ° exports,

lars in the value of the exports from lake Superior, as taken from the trade returns

and other sources. To prevent extravagant and misleading valuations in the future,

the officer of customs at the place of shipment should be placed in a position to

check not only the quantity, but the quality and the value of tl e ores shipped or

otherwise exporfed. He should be empowered to take average samples of such
ores, and these should be assayed and the value arrived at. If the officers have
not the right, the law shou'd be amended 'o give the minister of customs the

power to confer the right.

Thomas Marks—I think the establishment of a mining school would fill a great Mining school

want and do a great deal of good, especially in connection with smelting and and reduction

stamping works. I think for about $30,000 or $40,000 something could be put up
*'*>'^*-

that would serve the purpose.

W. H. L. Gordon—One thing that would do much good would be the estab-
^gg^^ ^q^^.

lishing of places where assays could be made at less cost than at present. Assays
are very expensive and it costs too much to find the value of specimens.
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APPENDIX.

A.—MINERALS IN THE SUDBURY DISTRICT.

BY DR. ROBERT BELL, ONE OF THE COMMISSIONERS.

Since the first Section of the report was written considerable progress

has been made in the development of the mineral wealth of the Sudbury
district. Besides the Stobie, Copper-cliff and Evans mines, belonging to the

Canadian Copper company, which have been steadily worked and have
yielded a large amount of copper and nickel ore, two other mines have been
in operation and some new localities have been discovered. The writer has Supplementary

had op|)Oitunities for further study of the geological and lithological relations
"''*®*-

of these deposits, and the following notes are added to bring the subject up
to date. It will be seen from these that the copper and nickel ore deposits

of the district resemble one another closely, and that they all appear to occur

under similar geological and lithological conditions.

VARIOUS COPPKR AND NICKEL ORE PROPERTIES.
The deposit which had been discovered on lot 4, range 2 of Blezard,

about one mile north of the Stobie mine, has been acquired by a new organ- The Dominion

isation called the Dominion Mineral company, and is being vigorously -^'merai Co's.

worked. Three shafts are being sunk, each of which had reached a depth of

about 40 feet in the middle of October. 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 conglomerate. The general
strike of the country rocks is here as elsewhere in the vicinity about north-

east and southwest. The ore-bearing belt, which is associated with a dark
quartz-dioriie, is about 100 feet wide and dips north-west at an angle of 65°. It

is overlaid by a massive bed of ash-colored greywacke, the weathered surfaces

of which present raised reticulating lines. Immediately to the northwest of
the shafts there is a dyke 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. At the place just indicated the dyke runs
south 35*^ west (raag.), but a short distance to the south-westward what looks
like its continuation runs south 70*^ west, and appears to be thrown a short
distance northward by a dislocation.

To the southwest of the Dominion mine similar ore has been found in

the southern part of lot 5, in the 2nd range (Russel's), and also in the
northern part of lot 6, in the 1st range (Stobie's) of Blezard. A large diabase
dyke runs near the latter, and both discoveries are near the north side of

^^'^^^^^ ranpea

a quartz s-yenite ridge which runs in a north-easterly course from the town-
ship of Snider and appears to terminate before reaching the Dominion mine.
The copper deposits of this mine, Russel location, Stobie location, Murray
mine, McConnell mine, lot 10 in the 1st range of Snider and lot 1 in the 1st

range of Creighton, would therefore all appear to be in the same run, on the
northwest side of the syenite and gneiss belt, while the Stobie mine, the
Frood lot (number 7 in the 6th range of McKim), the Copper-cliff mine
and an outcrop of copper ore on lot 1, range 2 of Snider, and another on lot 7
in the 6th range of Waters, would occupy a corresponding horizon on the
opposite or southeast side of the ridge.

The Murray mine, situated on the northern part of lot 11 in the 5th
range of McKim and on the main line of the Canadian Pacific railway, 3^
miles northwest of Sudbury Junction, was prospected under a bond by the

28 (m.c.)
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Messrs. Henry H. Vivian & Co. of Swansea and London, and purchased
by this firm on the 1st of October. At this locality the general strike is also

northeasterly, and the ore body, which conforms with the stratification, is

traceable for about a quarter of a mile. A short distance southwest of the

railway track, which crosses the north-eastern part of the deposit, it has a
width of upwards of 100 feet. Here as elsewhere the ore is a mixture of
chalcopyrite and nickeliferous pyrrhotite, with incorporated masses of rock of

all sizes, the deposit being in fact in all respects like those of the Stobie,

Dominion and other mines. It is flanked on the northwest side by a very

crystalline massive gray diorite, and on the southeast side by a dark greenish

mottled variety of this rock, followed by alternate belts of more or less fissile

amphibolite or hornblende rock and reddish gray quartz syenite. Ten of these

alternations occur in a breadth of 150 yards. A cutting on the railway at

about this distance southeast of the mine shows what may be either a con-

glomerate or concretionary mixture of these two rocks. The main ridge of

quartz-syenite lies abouthalf a mile to the eastward. Alarge dyke of crystalline

diabase, with a west-north-western course and weathering into rounded masses,

may be seen on the railway just northwest of the mine, and ayain to the

eastward a short distance north of the track. This and a parallel diabase

dyke are seen in other places along and near the track between the Murray
mine and Sudbury, and similar dykes occur on Ramsay lake, which may be
continuations of these.

Late in the summer a discovery of mixed chalcopyrite and pyrrhotite, of

which large and fine specimens were shown to the writer, was made at a spot

situated about three-quarters of a mile northeast of the bay of Wahnapitae
lake, lying on the north side of the point and ridge between the east bay and
the main lake. The deposit, which is said to be large and promising, is

flanked by diorite on the southeast side. Those who discovered this ore-mass

state that the surface indications consisted of nothing more than a black

discoloration of the rock, and that it might have been easily passed over

unnoticed. Another discovery of mixed chalcopyrite and nickeliferous

pyrrhotite was made at the northeast end of Waddel's lake, which is the

first of the small lakes on the canoe-route west from the western extremity of

Wahnapita? lake. The ore occurs in diorite, which comes in contact with

quartz-syenite about half a mile to the south. Copper and iron pyrites, said

to be nickeliferous, have been discovered on lot 3 in the 4th range of Levack,

No work had been done at this locality at the time of the writer's visit, but

the surface is covered by oxide of iron in the same way as at some of the

other copper and nickel ore deposits of the district. The rock on the east

side of the deposit is gneiss and on the west diorite. Similar ore is reported

to have been found on lot 6 in the 2nd range of the same township, but the

locality was not visited.

The copper deposit opened by the Vermilion Mining Co. on lot 4 in the

6th range ot Denison, and that of the Krean location about a mile to the north

of it, are both associated with brecciated diorite rocks, as well as the Copper-

cliff and the Stobie, while gneiss or quartz-syenite occurs at a short distance

to one side in every case. A deposit of copper ore similar to these occurs

in the southwest corner of Snider (lot 10 in the 1st range), which is said to

be associated with diorite and flanked on the south by syenite. At this

locality there is also said to be a large dyke of crystalline diabase, weathering

into the characteristic rounded boulder-like masses.

It will be seen from the foregoing that all the deposits of nickeliferous

Occurrences of copper ore of the district which have been examined occur in diorite rocks,

copper'cfresYn
"^ ^^^ further that in most cases the diorite is brecciated or holds angular and

diorite. also rounded fragments of all sizes of rocks of various kinds, the prevailing

varieties being other kinds of diorite, quartz-syenites, crystalline schists.

The Vemiilion
and Krean
locations.
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greywacke and quartzites. The general geological position of these ores is

therefore in diorite, and more especially brecciated diorite, with either gneiss

or quartz-syenite near one side. The ore masses further resemble one another

in having an approximate lense-shaped outline, parallel to the general strike

of the country rocks, although they may not always be strictly conformable

with them in dip, but may take a different angle to the horizon, as if they had
been connected with longitudinal fissures and were of the nature of great

brecciated veins or '*stockwerks."

The occurrence of dykes of crystalline diabase near several of the deposits

of copper and nickel ore has been referred to. Some of these dykes run west- Age of the

torthwest, others southwest, and one at the outlet of Ramsay lake runs ^'*''^^® '*^''^^'

about west, or towards the Copper-cliiF mine. These dykes cut through all

the stratified Huronian rocks of the district, and also the quartz-syenites,

whether they occur as narrow bands or large areas. They are therefore

newer than any of these rocks, and they are found on microscopic examina-

tion to be apparently identical with the diabase overtiows of the Animikie
formation of lake Superior. Their association with the ore deposits of this

district suggests some connection with them ; and it may be found on fuller

investigation that where they cut the ore-bearing belts they have had some-

thing to do with their enrichment at these places. If this should prove to be

the case it will be important to trace these dykes, as well as the strati-

graphical horizons along which the metals may have been originally deposited

in a diffused form, as new discoveries may be looked for at these inter-

sections.

The smelting furnace which had been erected at the Copper-clifT mine
towards the close of 1888 has been steadily in blast and has reduced an The smelting

average of about 125 tons of roasted ore per day, the amount sometimes run-
^^'*^''^-

ning up to over 150 tons. A second smelter in every respect like the first,

which was erected during the past summer (1889), commenced work on the
4th of September, and has now been running with equal success for two
months. The Dominion Mineral company and the Messrs. H. H. Vivian
& Co. are erecting similar furnaces at their mines.

THE GOLD DISCOVERY ON LAKE WAHNAPIT^.
The gold mining location on the south side of lake Wahnapitae was

again visited in the month of October of the present year. Some work had Nature of the

been done, and the true nature of the auriferous rock may now be studied to on7ake''^*
'^^^

more advantage than when the locality was visited last year before the Wahnapitj-.

ground had been broken. An excavation measuring about 20 feet in length
by 8 feet in depth and the same in width had been made. This opening
shows that the gold-bearing portion of the ridge of felsitic quartzite follows a
belt of quartzite boulder-conglomerate which runs south-westerly. Some of

the individual masses are sub-angular, but most of them are rounded, and they
vary from a few inches up to ten feet in their greatest diameters, which are
parallel to the walls. A few rounded greenish, somewhat schistose masses
are also included, and all are packed closely together. The interstices are
filled with a rather coarse glossy, greenish to yellowish gray hydro-mica or
talcoid schist, which on weathered surfaces is seen to be full of pebbles of
bluish quartz and white quartzite, from the size of coarse gravel down to that
of pease or smaller. The quartzite boulders vary in texture from granular to
compact or cherty. In color they present shades of light, dark and reddish
gray ; also of greenish or olive gray. The last named contain bunches of
crystals of mispickle. In the width of the excavation there are four or five

veins of white quartz from two to three inches in thickness, or aggre»atin»
about a foot. These show specks or small nuggets of free gold, and Mr.
Richardson, the manager of the mine, informed the writer that he had
detected visible gold also in the schistose filling as well as in the quartzite
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itself. A band of fine-gruned, dark colored diorite runs parallel to the
quartzite ridge at no great distance on either side of it. That on the north-
west side appears as if it had flowed upon an uneven surface of lumpy
quartzite. An attempt to extract the gold from the quartz in this locality

by means of a small arastra had been commenced at the time of my visit.

The quartz was first calcined in a wood tire, after which it was easily ground
under the flat surfaces of two large stones attached to a beam drawn round
by a horse. These stones worked Ujioa a smooth pavement of smaller ones,

surrounded by a circular wall which held in a few inches of water with some
pounds of quicksilver in the bottom.
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B.—APATITES OF CANADA.
BY R. A. F. PENROSE, JR.

Pho.sphates were discovered in considerable quantities in Canada before

the middle of this century, and were described by Dr. T. Sterry Hunt in the

Canadian Geological Survey reports for 1848. Shortly afterwards they were

mined in the counties of Lanark and Leeds, Ontario. But the first regular

mining operations of any considerable importance were be.(un in 1871, in the

townships of Buckingham and Portland, Ottawa county, Quebec, where

apatite had been discovered srveral years later than in Ontario. The first

company to operate on a large scale here was known as the Buckingham Min-

ing company. It worked siicce.ssfuUy until 187.5, whea a sudden fall in the

prices of the phosphate market led to a stoppage. For several years after

this the mines were worked by private parties, until in the years 1881 to

1883 the large mining companies which now control the richest properties in

Canada were organised. Many of the phosphate properties in Ontario have

been worked by the so-called "contract system." Under this sy.stem the

farmers of the neighborhood, whenever they are without employment, blast

out a little phosphate. The result of such a method is, of course, that the

whole of a property is soon cut up with small pits and trenches, rarely exceed-

ing twenty feet in depth and often interfering considerably with later and
larger mining operations. ^

THE ONTARIO AND QUEBEC DISTRICTS.

There are two principal districts in Canada where apatite occurs in con-

siderable quantities. The first is in Ottawa county, province of Quebec. It

consists of a belt running from near the Ottawa river, on the south, for over

sixty miles in a northerly direction, through Buckinghora, Portland, Temple-

ton, Wakefield, Denholm, Bjwman, Hiucks and other townships. The belt

probably stretches still farther to the north, but the country in that direction

has been but little explored and is scarcely known except to trappers and

Indians. The belt averages in width from fifteen to twenty-five miles. The
second phosphate district is in Ontario, principally in the counties of Leeds,

Lanark, Frontenac, Addington aad Renfrew. This district is much larger

than that of Quebec. But the apatite is much more scattered, and though

special deposits are in some places much more continuous than those of Quebec

the mineral has not yet been discovered in such large pockets as occur in the

latter district. The belt which contains the deposits runs from about fifteen

miles north of the St. Lawrence river in a northerly direction to the Ottawa

river, a distance of about one hundred miles. It varies from fifty to seventy five

miles in breadth. The above mentioned districts are the regions where apatite

has been found most plentifully, but it also occurs in other places, though so

far as has been discovered in much smaller quantities.*

*Lately it has been found that apatite is very generally distributed in Pontiac county,

Quebec.
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The apatite occurs in the upper part of the Lower Laurentian formation,

the horizon being characterised by large quantities of pyroxene rock. The Occurrence of

princijial phosphate-bearing band consists of quartzite?, gneisses, schists, fel- '^P^t'*^-

spar and pyroxenic and calcareous rocks, having an aggregate thickness accord-

ing to Vennor of twenty-six hundred to thirty-nine hundred feet. All the

beds are more or less completely metamorphosed, being sometimes indistinctly

stratified and at other times massive and with no traces of bedding. The
rocks, often contorted, all dip at a vertical or almost vertical angle. Some-
times the gneiss contains large quantities of mica and has a distinctly foliated

structure. At other times it is impregnated with large quantities of pyroxene,

as in the Quebec distiict. In the Ontario district this pyroxene is often

replaced by hornblende of a dark-green, lustrous character. A highly garnet-

iferous gneiss is often found in large quantities in some of the apatite localities.

In the Quebec district there is a series of trap dykes running in a general east

and west direction. By some they are supposed to be connected with the

occurrence of the apatite. But the trap is propably of a later date tlian the

apatite, as it is sometimes found passing ihrou^jh pockets of that mineral.

The principal difference between the country rock of the Quebec district

and that of the Ontario distiict is, that the rocks in the latter region are often Country roctfrf

much more hornblendic than those in the former, and are often found in the

form of a more or less hornblendic gneiss. The country in the Quebec apatite

district is rough and mountainous. The hills are of a remarkably uniform
height, rarely rising over tive hundred to six hundred feet above the level

of the m ighboring Du Lievre river. In Ontario, on the other hand, the land in

Leeds, Lanark, Frontenac and Addington counties is low, and sometimes ,

shows a smooth glaciated surface, covered by a thin layer of soil. In Renfrew
county however the land is more hilly, and resembles that of the Ottawa dis-

trict. As before remarked, the apatite occurs almost without exception in

association with pyroxenic or hornblenlic rocks. This rule holds especially

true in the Quebec district, where the pho>!phate has never yet been found
without being associated with pyroxene rock, possibly often of vein origin.

This, called pyroxenite by Prof. T, Sterry Hunt, occurs in ridges running in

a general northeast and southwest direction, following the general course < f

the strike of the country gneisses. It forms, together with a lilac-colored

orthoclase, quartzite and trap, the mass of many of the hills in the phosphate
district, while the stratified and massive gneisses are often seen bordering the
sides of the ridges.

THE ASSOCIATED BOCKS.

The pyroxene rock is never found distinctly bedded, though occasionally

a series of parallel lines can be traced through it, which while possibly the
remains of stratification are probably often joint planes. Sometimes when the

pyroxenite has been weathered apparent signs of bedding are brought out, structure »nd

which are often parallel to the bedding of the country rock. Thus at Bob's pyroxeniu.

Lake mine in Frontenac county a rich-green p}roxenite occurs which exhibits

this structure. For ten feet down from the surface this apparent bedding can
be distinguished. It gradually grows fainter, until it disappears in the mas-
sive pyroxenite below. A similar phenomenon has been observed in the
Emerald mine, Buckingham township, Ottawa county, Quebec, and at several

other places. It can al.^-o be seen in the cry.stalline rocks on Newport island,

opposite Tiverton, R.I. There, for a depth of from one to two feet, an apparent
stratification can be seen, and the rock below gradually becomes more massive
until it merges into the ap])arently homogeneous mass of the hilL The
pyroxene occurs in several diffeient forms. Sometimes it is massive, of a
light or dark green color, and opaque or translucent ; at other times it is

granular and easily cruml)led. Occasionally it occurs in a distinctly crystal-

line form, the crystals being in colors of ditferent shades of dull green, gener-
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ally opaque or translucent, bub sometimes, though rarely, almost transparent.

The massive variety is the most common, and composes the greater part of

the pyroxenites found in the phosphate districts.

The associated felspar is generally a crystalline orthoclase, varying in

color from white to pink and lilac ; occasionally, as in Denholm and Bow-
man townships, Ottawa county, Quebec, it occurs as a whitish-brown finely

crystalline rock. The trap is of the dark, almost black, variety. Thin sec-

tions under a microscope show it to have a very variable composition—a net-

work of striated blades of triclinic felspar, brownish augite, black opaque
grains of magnetite, and commonly small quantities of green chloritic mineral.

The quartzite is white, gray or blue. The blue variety often contains specks

of felsite. These pyroxenes, felspars and quartzites are often mixed up in a per-

fect net-work, very similar to that seen at Marblehead, Mass., and at many
places in the metamorphic rocks of Mount Desert island. Often whole hills

are formed of these rocks, mixed in various proportions. The gneiss in some
places has no distinct line of separation from the pyroxene, but seema to have

been impregnated with some of it, forming for a few feet from the line of con-

tact a more or less pyroxenic gneiss which is easily decayed and eroded by

weathering. In the Ontario district, as mentioned before, the pyroxene is

often replaced by hornblende. Thus at Bell's mine, in Frontenac county, little

or no pyroxene is met with, and in its place large quintities of dark green

hornblende occur. The apatite here is found in a rock consisting of green

ho-nblende and white felspir which forms a rid^e ab">ut on-^ hundrel yards

wide, parallel to the strike of the country gneiss. To co nplete the list of rocks

found in the apatite districts it is necessary to mention the large veins of

crystalline cilcite, which often contain serpentine and chrysotil-^. In the

occurrence of these veins this Canadian apatice region is in marked contrast

with that of Norway, where little cilcareous matter is found.

OCCURENCE IN VEINS AND DEPOSITS.
The apitite of Canada is found occurring in a g>'eat variety of ways.

Prof. T. Sterry Hunt regards m^s". of the workable deposits as veins, but he

thinks there are also some deposits which occur in beds. He his discovered

smill. masses of apatite mirking the lines of stratiticition in the pyroxene.

An instance of this was se-^n by the writer in an old pit in B ickiag'iin t)wn-

ship, Ottawa county, Quebec, where the app irent lines of s^.ratification were

marked by bands of apatite. Professor Hunt thinks that m)st of the de-

posits of apatite are concretioniry vein-stones and hiva resulted from a hot

water solution. He bases his balief up in several chiracteristic facts c )ncern-

ing Canada apatite, such as the rounded form of miny of the apatite crystals,

which he regards as due to the action of partial solution after d?ecomposition

and not of fusion as suggested by Dr. Ennms Another argumeuf. is that

one mineral in the vein is often f lund incrusting or conta-niag fragments of

another. Thus it is very common to find misses of crystalline caloite rounded
into pebbles and buried in the centre-! of apitite crystals which are them-

selves worn and rounded, showing, as Dr. Hunt thinks, thit the erosive action

in the veins has taken place in at least two different epochs. The appearance

in the veins of drusy cavities and the parallel deposition of the different

minerals observed in many veins are also arguments for the theory of concre-

tionary structure. Professor Dawson thinks thit many of the deposits of the

Ontario district are true beds

Prof. B. J. Harrington thinks that most of the phosphite deposits will

come under the heading of fissure veins and pockets. He shows that many
of the deposits cannot be beds because they cut across the strata of the

country rock. Many of the veins are of considerable length. A very con-

tinuous vein composed of hornblende, calcite and apatite mixed in varying

proportions and associated with sphene, zircon, mica, scapolite, etc., is found
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in Renfrew county, Ontario. This vein, or what may be a series of similar

and parallel veins, was traced by the writer for a distance of three miles, and it

is said by the native prospectors to be traceable for 27 miles. It runs in a north
40° east direction, widening and contracting at intervals and varying from three

to thirty feet in thickness. It can best be examined on Turner's island, in Clear The vein in

lake, Renfrew county, Ontario, where several small openings have been made
c" a"Tk

'*'^°*^'

in it for the purpose of mining the rich apatite found there.* The island is Renfrew cou ty.

three-quarters of a mile long and from one hundred feet to a quarter of a

mile wide. The vein runs through its longer axis from one end to the other.

The apatite occurs in crystals, sometimes in considerable quantities and com-

posing the greater part of the vein matter, and at other times scattered spar-

ingly through a raa^^s of the crystalline minerals which accompany it. Apa-
tite crystals of immense size have been found here. One prism is said to

have weighed seven hundred pounds ; a crystal of zircon almost a foot in

diameter is also said to have b^en found in the same vein. A cry.stal of

sphene from this locality in the Harvard mineral cabinet measures over a

foot in length. The country rock on the island consists of a confused mass of

felspar, coarse-grained, unstratified gneiss, and of a rock composed of felspar and
hornblende. Small quantities of green pyroxene are also found. The vein is

said to change into pure calcite at its extremities. It shows no signs, as far

as seen, of banded or concretionary structure, but consists of a mass of crys-

tallised minerals mixed in an apparently indiscriminate manner. Like most
apatite deposits in Canada the vein has no shaip lines of division from the

country rock, but gradually blends into it. The hornblende in the country

rock becomes more perfectly crystalline and occurs in larger masses as the <"

vein is approached, until finally when the vein is met the hornblende and the

felspar crystallise out separately among the other minerals. "Such a blend- Blending of veia

ing of a vein with the walls," says Professor Dana, " is a natural result when ™untr>\ock.

its formation in a fi.ssure takes place at a high temperature during the meta-

morphisni or crystallisation of the containing rock." This blending of the

country rock with the veia matter does not however always happen, as several

Cdses were found where the apatite and associated minerals came into direct

and .sharp contact with the country rock. Thus on the land of the Sly

brothers in Oio, Frontenac county, Ontario, there is a vein two feet wide in sharply defined

a gneissic rock. The boundary lines of the vein are sharply defined and ''^^'^^^

white, red and transparent calcite is associated with grass-green hornblende

and brown apatite in a mass apparently devoid of any banded structure. The
vein dips at an angle of 85° north and strikes east and west. The country
rock strikes north 20° east, and dips 40° to 45° east-southeast. A somewhat
similar instance is seen in the same township at Eoyd Smith's mine. Here
were three veins apparently occupying joint planes and parallel to one another.

The veins are composed principally of apatite and hornblende, and their fjen-

aral character is very similar to that of the last vein described. They strike

north 15° west and dip at 10" northeast. The strike of the country gneiss is

north 35° east, dip 60° southeast, so that it is evident that the deposits can-

not be beds. They can be traced for 50 yards along the side of the hill.

BANDED STRUCTURE OF VEINS.

Some of the veins of apatite shew a distinctly banded structure. On
the land of James Foxton in Frontenac county, township of Loughborough, Banded strac-

there is a series of gash-veins running in a general northwest and southeast theVosto'D
^

"^°

direction. They are of all sizes from small ones not two inches thick to large property,

ones three to six feet wide. The general character of all of them is the same.

*The same or a similar vein is seen to great advantage on the land of Xavier Plaunt on
the south side of ' 'lear lake. It widens and contracts at intervals and runs in the same gen-
eral direction as the Turner's island vein.
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They occur in the country gneiss and occupy an almost vertical position.

The strike and width of nine of these veins were found to be

:

North 11° west, six inches wide. Red apatite.

North 10° west, eighteen inches wide. Red apatite.

North 8° west, one to three feet wide. Red npatite.

North 20° west, one foot wide. Red apatite.

North 8° west, one foot wide. Red apatite.

North 35° west, six inches to one foot wide. Red apatite.

North 36° west, one foot wide. Red apatite.

Nortli 45° west, one foot wide. Red apatite.

North 30° west, one foot wide. Red apatite.

The country gneiss is much contorted and strikes in various directions.

It has an almost vertical dip. On the same properties there are also other

veins running in various directions, but they aie generally of small extent.

In one place a vein was seen composed on one side of a band of apatite and
on the other of a band of pyrites of iron containing masses of talc Another
instance of a banded vein occurs at Mud lake, Templeton township, Ottawa
county, Quebec, where apatite, mica and pyroxene form the contents of the

vein. But it is generally in the Ontario district that the banded structure

is most often seen.

In the township of North Burgess, Lanark county, Ontario, are many
Character of examples of phosphate-bearing veins, some of which can be traced for over half

BurgesB.^*"^*^
a mile, while others are short and amount to little more than pockets. In
places the ground is literally cut up by a network of these veins varying from
a few inches to over ten feet wide. Occasionally they are found widening into

bunches almost twenty feet across. The veins often show a banded structure

and consist of mica and pyroxenite on the outside and apatite in the centre. The
outside bands of the veins are in some cases composed of a dark, almost black,

talcose material. In other places the contents of the vein consist of apatite,

mica, pyroxenite and white and flesh or salmon colored calcite, indiscrimin-

ately mixed and associated with small quantities of scapolite, zircon, sphene,

talc, hornblende, specular iron ore, zeolites and other minerals. Veins also

occur which are almost entirely composed of apatite crystals scattered in a
matrix of granular quurtzite. On the land of the Anglo-Canadian Phosphate
company at Otty lake. North Burgess, where some of these veins have been

opened to a depth of seventy to eighty feet, the mode of occurrence of the

apatite is well seen. The prevailing country rock here is quartzite and
garnetiferous gneiss. In some cases the line of division between the vein

matter and the country rock is sharply drawn, while in others they grail ually

blend. Both of these phenomena, as well as the banded and the unhanded
structure, are often seen in different parts of the same vein. The ajiatite

occurs in bunches, sometimes connected by seams of the same mineral. From
a single one of these bunches over a thousand tons have been taken.

The contents of the phosphate-bearing veins are often very variable at

Contentsofphos- different points in the same vein, sometimes consisting mostly of apatite,

vetns'^^^'^^'^*'
scapolite, felspar and pyroxene, and at others being composed of crystalline

limestone bearing crystals of the above minerals. Such a formation is seen on
Henry Ban's land in Renfrew county. At the McKenzie mine in Bowman
township, Ottawa county, Quebec, there is a vein in a hill of lilac-colored fel-

spar and pyroxenite. One part of the vein is composed of massive apatite,

holding crystals of pyroxene and scapolite, while another about hfty feet dis-

tant assumes a totally different character, being composed of a pink crystallint^

calcite bearing crystals of apatite. In some places the calcite has been worn
away by the infiltration of water, and then the structure of the vein can be

seen. The cavity is lined with crystals of scapolite and pyroxene which come
next to the country rock, while the calcite bearing the crystals of apatite

comes in the middle. This formation of drusy cavities in limestone leads is
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very common, especially in the Ontario district. Often the calcareous matter

has been washed away and crystals of apatite and their fragments are

scattered over the bottom of the hollow. The formation of cavities seems

especially apt to take place at the point of junction of the limestone and a

harder mineral in the vein. Thus in the township of Loughborough, Fron-

tenac county, Ontario, was seen a cavity where a mass of limestone in a vein

came in contact with a mass of apatite-bearing pyroxenite. From this open-

ing several hundred pounds of loose apatite crystals were taken.

OCCURRENCES IN IRREGULAR MASSES.

Though it will thus be seen that the apatite of Canada often occurs in

well-defined veins, yet the largest deposits yet discovered occur in irregular
Characteristics

masses in the pyroxenic and felspathic rocks. They seem to occur at some of occurrence ir»

places in fissures and at others as simple segregations. As a general rule it Quebelfdlstrtcts.

may be said that the vein character is best developed in the Ontario district,

while the segregation and pocket formations are more common in the Quebec
district It is also well known that phosphate of lime has, more
than any other mineral, the property of forming into concretionary and segre-

gated masses. Thus Professor Rogers found in the materials dredged in the

Challenger expedition numerous phosphatic concretions scattered over many
parts of the sea bottoms. Again in the phosphorite deposits of southwestern

France and of Estremadura in Spain the concretionary form is one of the
concretionary

most common conditions of the phosphate, while in the phosphate region of forms of phos-

South Carolina the nodular phosphates, especially those from Bull river, show p ^ ®-

sometimes a distinctly concretionary structure. At Crown Point, N.Y., phos-

phate of lime occurs in radiating and boLryoidal masses forming the eupyrsh-

roite of Emmons, and even in the guano beds of Peru concretionary nodules

of phosphate of lime have been found.

The pockets and fissures of apatite are of variable size, sometimes being

only a fraction of an inch in diameter and sometimes consisting of immense Pockets,

bodies of massive or crystalline apatite measuring many feet in thickness.

Such pockets are to be seen at the Emerald, Battle Lake, North Star, High
Rock, Union and other mines on the Du Lievre river. The apatite is gener-

ally not sharply divided from the pyroxenite, but gradually blends with it.

The pockets show sometimes a banded structure, such as that of a cavity

lined with pyroxene and the central part occupied by apatite. Occasional

large boulders of country rock are found embedded in the apatite. Nearly
air these pockets and fissure veins seem to take their distinctive characters

from the including rocks. Thus where the including rock is pyroxenic, fel-

spathic and calcareous, the crystals associated with the apatite are generally

pyroxene, felspar and calcite, and where the country rock contains large

amounts of hornblende, as at Bell's mine, Storrington, Frontenac county, at

Barr's mine and on Turner's island in Clear lake, in Renfrew county, Ontario,

there are always found large quantites of this mineral in the vein matter.

The few veins however in which the lines of separation from the country
rock are sharply drawn do not seem to be so dependent on the including

rocks for their component minerals.

The depth to which the apatite extends is probably for all practical ))ur-

poses unlimited. Some bunches of the mineral run out, but others are found Depth of apatit«

at a greater or less distance below. The deepest openings in Canada are the
°p®°'"*»'^-

North Star mine, township of Portland, county of Ottawa, Quebec, and the
Battle Lake mine, township of Templeton of the same county. In Septem-
ber, 1886, they had reached the depths respectively of 350 feet and "210

feet. In both shafts large bunches of apatite were found, separated by
pyroxenic or micaceous rocks containing smaller seams and bunches of that

mineral.
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The apatite of Canada varies considerably in its physical character. Its

color is green, red, brown, white, blue, purple or black. The black color is

Phjskai charac- generally caused by the decomposition of the associated iron pyrites, and is

ter of Canadian seen in Ottawa and Frontenac counties. Apatite occurs in the crystalline,
apatite rr^

sub-crystalline, massive or granular form. The granular variety, known as
" sugar apatite," is of a white or pale green color and looks like coarse sand,

more or less coherent. It occurs principally at the Little Rapids mine,

township of Portland, and McLaren's mines, township of Templeton, Ottawa
county, Quebec, and is one of the purest forms of apatite mined. It is

uncertain what could have caused the apatite to assume this granular condi-

tion. Some shipments from Ottawa county have analysed 88 per cent, of

tribasic phosphate of lime. The apatite varies very much in its ability to with-

stand weathering. When it is free from pyrites it endures it very well and
is almost as resistant to erosion as quartz, but when pyrite is present it

quickly crumbles away. In some places where pyrites of iron and copper are

found the apatite is brown and rusty for a depth of several feet.

MINERALS OF THE APATITE DISTRICTS.
Below is given a list of some of the more important minerals of the

Minerals of the Canada apatite districts. The crystals often occur of immense size and in a
apatite districts, state of great perfection. The zircons, sphenes, scapolites, pyroxenes, apatites

and micas are especially fine, and probably are found nowhere else in such

quantities and in such {lerfection :

Apatite, Tourmaline, Wilsonite,

Calcite, Titanite, Talc (steatite),

Fluorspar, Zircon, Chlorite,

Pyroxene, Orthoclase, Prehnite,

Hornblende, Quartz, Chabasite,

Phlogopite, Opal, Galena,

Garnet, Chalcedony, Sphalerite,

Epidote, Albite, Molybdenite,
Idocrase, Scapolite, Graphite.

The apatite after being blasted out is put through the process of " cob-

Grades and biiig)" which consists of breaking it with a hammer from the adhering

orcommerce*^^^
impurities. The highest grade which is shipped rarely averages over 85 per

cent, tribasic phosphate of lime, and none of the mines ship much phosphate

which does not average at least 70 per cent. Eighty per cent, apatite is con-

sidered first quality and sells for 11 to 12 pence a unit.* <

MARKETS FOR CANADIAN APATITE.

The principal market for the Canada apatite is Europe. Great Britain

and Germany consume over three-fourths of the total product, which in 1885

amounted to 2-3,908 tons. The market is unlimited and the output is yearly

increasing, so that phosphate mining bids fair in a few years to be one of the

Markets. most important industries of 'Canada. The annexed tables will show the

output of the mines in past years, as well as the present markets. According

to the Canadian Mining Review, January, 1886, the product for the past five

years has been :

Output of the 1881 tons 15,601
mines. 1882 : " 17,181

18S3 *' 17,840

1884 " 22,143

1885 " 23,908

Total for five years " 96,673

*The expression 11 to 12 pence a unit is the commercial method of signifying the value of

the apatite. It means 11 to 12 pence for each per cent. Thus 80 per cent, phosphate at 11

to 12 pence per unit would be worth $17.60 to $19.20 per ton.



443

Shipments to different ports (same authority) :

1884. 1885.

Liverpool tons 8,557 9,563
London "

4,389 7,683
Hamburg "

2,970 3,524
Bristol

"
1.824 2,056

Glasgow "
3,083 482

Barrow " 350
Penarth Roads "

100 100
Cardifif

" 65
Sharpness " 45
Hull " 40
Dublin " 210
Sunderland " 60
Bristol Channel " 50
United States " 200
Consumed in Canada " 700

Total , "22,143 23,908

From Oatario district, 1885 1,500
From Quebec district, 1885 22,408

ORIGIN OF LAURENTIAN PHOSPHATES.
The origin or chemical history of these Laurentian phosphates has been

a matter of considet;able dispute. Dr. T. S. Hunt says that phosphates, like Theories of the,

silica and iron oxide, were doubtless constituents of the primitive earth's phZtw."
^

°^"

crust, and that the production of apatite cr3'stals in granite veins or in crys-

talline schists is a process as independent of life as the formation of crystals

of quartz or of hematite. Prof. J. W. Dawson on the other hand thinks the

Canada apatites are of animal origin, and bases his belief on the presence of

«ozodn and of graphite in the associated beds and of the flouride of lime in

the apatite. He says :
" The probability of the animal origin of the Lauren-

tian apatite is j^erhaps further strengthened by the prevalence of animals
with phosphatic crusts and skeletons in the primordial age, giving a presump-
tion that in the still earlier Laurentian a similar preference for phosphatic
matter may have existed, and perhaps may have extended to still lower forms
of life, juat as in more modern times the appropriation of phosphate of lime
by the higher animals for their bones seems to have been accompanied by a
diminution of its use in animals of lower grade."* Messrs. Brogger and
Reuseh in their description of the Norwegian apatites think that they are of

purely eruptive origin, f

C. ORES OF NICKEL.

Small portions of nickel occur in several parts of the province and in
other associations than those just mentioned. Among the Laurentian rocks Nickel on the

in the eleventh concession of Dallieboust, on. the land of Mr. Louis Levesque, Assumption

there occurs on the bank of the Assumption river a quartz vein six or eight
inches wide in gneiss. This vein holds a considerable amount of cubic iron
pyrites which contains small quantities of nickel and cobalt. The amount of
the mixed oxides of the two metals was found in two determinations to be
only 0.54 and 0.56 per cent.

Some specimens furnished me by Mr. Charles Bonner (who aided me in
-several of the analyses) from a mine on Michipicoten island, lake Superior, On xiichipicota

oontain two minerals which offer a more abundant source of nickel than the '^'^°'^-

pyrites just mentioned. The lirst of these is associated with qunrtz, and is a
massive mineral with an impalpable structure, a shining metallic lustre and a

*The reader should note the fact that since the admirable researches of Mobius it is
doubtful whether eozoon be of organic origin.—N. S. S.

tBuUetiti of the United States (ieological Survey No. 46, pp. 23-41, By R. A. F. Pen-
rose, jr., with an introduction by Prof. N. S. Shaler.
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color varying from reddish-white to bronze-yellow ; brittle, fracture uneven,
sub-conchoidal, hardness 5.0, density 7.35 to 7.40. The mineral was at first

supposed to be nickeline or arseniuret of nickel, but the results of several

analyses show it to consist of a mixture of this species with an arseniuret of

copper. The following are the results of four analyses of different fragments
detached from the same mass :
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a large quantity of this valuable ore was thrown away at the mine, being
stamped and washed for the purpose of extracting the copper and silver.

This substance can hardly be supposed to be homogeneous in its com-
position, being not improbably a result of the alteration o^ some other ores.

It resembles closely in its character the composition of the nickel-gymnite of

Genth which gave to that chemist silica 35.36, oxide of nickel 30.64, oxide of

iron 0.24, magnesia 14.60, lime 0.26 and water 19.09, but neither of these
hydrated nickel ores are crystalline, and they are perhaps rather to be regarded
as mechanical mixtures than distinct mineral specimens.*

D. ELGIN SILVER MINE.

Mr. John Dickie, manager of the Elgin Silver Mine Oo., writes of that

company's location as follows : "The Elgin Silver Mining Co.'s location, con- The location,

taining 325 acres, is situated at the head of Jackfish bay, on the north shore

of lake Superior. The position of the mine is about the middle of the lot and
about half a mile from the navigable waters of the bay. There is abundance
of serviceable timber, consisting of birch, spruce, poplar, balsam and tamarac
from one to two feet in diameter on the location. Two permanent streams,

one on each side of the bluff on which the mine is situated, flow through the
location. The one on the west side drains five small lakes on the mountains
above. On this stream, about 180 yards from the mouth of the mine, is a

waterfall about 25 feet in jierpendicular height, which would give a sufficient

power to drive all the machinery necessary. From the edge of the bay to „,

within 100 yards of the mine is almost level, the rise not being more than 10 drive machfncry.

feet. The O.P.R. station is six miles from the mine, although the track at

one place is only about three miles distant. The lode has been located, and
on different assays the ore has proved rich in both silver and gold, the yields

being from $120 to $700 of silver and from $60 to $100 of gold to the ton.

The vein has increased in extent and richness the farther it has been pierced.

The company's charter calls for 1,000 shares at $50 each. Of this amount 200
shares were given to the original owners of the location. Other 200 shares 'Character of the

have been sold and the money spent in exploring the mine. All experts who""^^'

have seen the mine or specimens of the ore have expressed themselves
thoroughly satisfied as to the great apparent value of the property.

E. DISPUTED TITLE.

The title to lands in the section of country west of Port Arthur was for

a long time in dispute between the governments of the Dominion and Ontario, Title to lands in

before and subsequent to the settlement of the boundaries of Ontario towards ""thwestern

the west and north. After the decision of the Judicial Committee of the
Privy Council establishing the western boundary along a line drawn due
north from the north-west angle of the Lake-of-the- Woods, a claim was set

up on behalf of the Dominion government as rightful owner of all land
from lake Superior to Red river which had been occupied by Indian tribes in

Ontario territory, together with its timber and minerals. " There is not one
stick of timber, one acre of land or one lump of lead, iron or gold that does
not belong to the Dominion or to the people who purchased from the Domin-
ion government." So said the First Minister of that government, and the
dispute is alleged to have interfered with the mineral development of the

* Dr. T. Sterry Hunt in the report of the Geological Survey for 1853-6 pp. 388-90.
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country, especially in the region of the Lake-of- the- Woods, as the following

statements of witnesses examined by the Commissioners show :

William Murdoch—1 am interested in gold claims on Lake-of-the-Wood». If

Capitalists afraid the question of title were settled in the Lake-of-the-Woods district there would be
to invest till the ^ rush of capital into it. Americans who have been there express themselves well

satisfied, but are afraid to invest anything till the dispute between the governments-

is settled.

John K. Wright—One serious cause of the slow progress of development in

A serious cause this district is the dispute as to title between the Ontario and the Dominion govern-
of slow progress.

j^^ei^(;s 1 know that many capitalists have come here from St. Louis, Chicago,

Minneapolis and other places for the purpose of investing and have gone away dis-

gusted because a satisfactory title could not be obtained, although they were well

pleased with the outlook of the country.

Alex. Matheson—The affairs of the Winnipeg Consolidated company have
The disputed never been wound up and the crown lands department refuses to issue a patent
title has killed until the dispute as to the title is settled between the two governments. The
ment?^

*^* "^^ parties who own a majority of the stock are desirous of buying out the smaller

stockholders and securing the title in themselves. The disputed title has killed

mining development in the country ; in fact it has interfered with an} thing at all

being done on the lake. American or Canadian capitalists will not invest as long
as the question of title is unsettled. The hope of an early settlement has spurred
on prospectors last year and this year. 1 thiiik more locations have beeu taken up
this year than in any year since 1 came to the country.

George Mitchell—So far nothing has so much hindered development here as the
disputed question of title. Col. Robbins of Eureka, Nevada, examined the Winni-
peg Consolidated with a view to purchase when the shaft was at a depth of 30 or 40
feet, and was so satisfied with its show that he oft'ered to take the property on the
condition of a good title being given. He has been in communication with myself
and others frequently since, and is still anxious to procure a mining location here,

company's daim. This is one instance out of many. The Keewaydin lumbering company's lease also

stops development to a very considerable extent, the companj' claiming absolute
control of the land covered by the lease, and the manager treats all prospectors and
miners on the company's limits as trespassers.

Dr. Henson—A government commissioner should be appointed to t^ettle all

matters of title between contending claimants as soon as the question at issue be-
tween the Ontario and Dominion governments is decided. There are a large number
of locations in dispute between prospectors and other parties, and means should be
found for speedy settlement of them. The Sultana island gold location was prac-
tically sold a few weeks ago to a syndicate of American capitalists, but we were
unable to produce title. An English company is also anxious to get hold of it, and
negotiations are now going on. There would be no difficulty in getting capitalists

to invest here if the question of title was settled. When that question is settled

the disputes of rival claimants must be arranged, and especially those arising out of

the pretensions of the Keewaydin lumbering company, which asserts a right to all

the islands in the lake. A little development work has been done on the Keeway-
din and Heenan locations, but it has been stopped by the lumbering company,

Arthur Harcey—I have made no improvements or developments on gold pro-
perty in which I am interested in the Rat Portage district because the titles are
imperfect owing to the dispute between the two governments.

The matter in dispute was finally decided upon an appeal heard before
the Judicial Committee of the Privy Council in a case between the govern-
ment of Ontario and the St. Catharines Milling and Lumbering Co., the com-
pany claiming the right to cut timber upon a limit held under a lease granted
by the Dominion government. Judgment was in favor of the contention of

the Ontario government, thus establishing its right of possession to all land,

timber and minerals constituting the public domain.

The Winnipeg
Consolidated
company's loca-

tion.

A lumbering

Locations in

dispute.

Imperfect titles

hindering
development.

The question of
title finally de-
cided by the
Judicial Com-
mittee of the
Privy Council.
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F. DETERMINATION OF MINERALS.
The following is taken, with some changes and omissions, from Copp's

Manual for the use of Prospectors, and furnishes information which may be
found useful to men of that class :

CHEMICAL ELEMENTS.
Ninety-nine hundredths of the earth's crust is composed of less than six-

teen elements and their chemical and physical compounds. An element is a Elements and
primary substance. It cannot be made by uniting different things, nor can compounds,

it be separated into anything unlike itself. A compound is made up of two
or more elements. A chemical compound generally is one wherein the things
composing it are so changed as not to be recognised by one or more of the
senses of sight, taste, touch or smell. A physical compound generally is one
wherein the substances composing it are unchanged, or so slightly changed as
to be observed without difficulty. To illustrate, water is the chemical union
of oxygen and hydrogen, invisible gases. Common salt is a white substance,
composed chemically of a green gas (chlorine) and a silvery metal (sodium).
On the other hand, if salt and iron filings be placed together and thoroughly
mixed, the eye can easily tell the iron from the salt. If sugar be dissolved
in a cup of water the water looks unchanged, and the sense of taste can detect
the sugar. The first two are chemical compounds, the last two physical.

ELEMENTARY SUBSTANCES.
The number of elementary substances at present known to enter into the

composition of the crust and atmosphere of the earth is 64. Of these
oxygen is estimated to constitute 50 per cent, of the earth's crust, silicon 25,
aluminium 10, calcium 4.5, magnesium 3.5, sodium 2, potassium 1.6, carbon,
iron, sulphur and chlorine 2.4, and all other bodies 1 per cent.

Very few elements are found pure in the earth ; nearly all occur as com-
pounds. Oxygen is the great compounder. Oxygen one-fifth mixed with nitro-

gen four-fifths makes the air about us. It chemically unites with every known
element except fluorine, forms one-half the earth's crust, eight-ninths of water,
four-fifths of vegetables (by weight) and three-fourths of animals (by weight.)

Oxygen united with the non-metallic elements forms acids, f viz. sul-

phuric acid, nitric acid. With the other elements it forms bases. Acids chemical

and bases united form most of the minerals. Chemical composition is indi- """O"*-

cated by the use of ide and ate. Ide indicates the union of two elements.
Ate shows at least three elements, one of which is oxygen.

Sodium chloride (salt) is a union of sodium and chlorine. Silver sul-

phide, sulphur and silver. Oopp'-T oxide, copper and oxygen. Iron sul- Characteristics

phate, (green vitriol) shows that oxygen is united with iron and sulphur. eLmeVt^""'''^*^
Calcium carbonate (limestone) is composed of calcium, carbon and oxygen.

Hydrogen forms one-ninth part of water. This gas is the lightest of

known substances. It burns freely with a bluish flame.

Nitrogen makes 80 per cent, of the atmosphere, yet by itself destroys
animal life.

Chlorine is 2| times as heavy as air, and united with sodium forms com-
mon salt. It is a useful element in other compounds.

Fluorine forms with calcium fluorspar, and with hydrogen hydrofluoric
(fluo-hydric) acid, used to etch on glass.

Silicon combined with oxygen forms silica or quartz.

Carbon, pure, is a solid, and forms the principal part of coal, plumbago
and bitumen. Charcoal is almost pure carbon. Diamond is pure carbon
crystallised. United with oxygen it forms carbonic acid, and this acid in
combination forms a class of minerals called carbonates. Limestone is car-

bonate of lime.

* Acids and bases require water to complete them.
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Sulphur is a yellow brittle solid. It is most abundant in volcanic re-

gions. Combined with metals it forms a class of minerals called sulphurets

or sulphides.

Phosphorus is a white, waxy substance! It is quite abundant in nature

in combinations. With lime and oxygen it forms the phosphate of lime.

Aluminium is found only in compounds. With oxygen it forms alumina,

of which the gems ruby and sapphire are pure specimens. It largely consti-

tutes clay and felspar.

Potassium is one of the lightest of metals. With oxygen it makes pot-

assa or potash.

Sodium with oxygen forms soda.

Calcium with oxygen makes lime.

Magnesium with oxygen forms magnesia, an abundant substance in the

composition of many rocks.

The other elements are either well known or would require too much
space for description.

MINERAL And ROCK DEFINED.
A mineral is an element or two or more elements chemically united as

found in nature. Water is a mineral. A rock generally lacks detinite chemi-

cal composition, and usually consists of two or more minerals physically

united or mixed, and found in nature. If a man makes a hard substance by

mixing sand and cement it is not a rock or a mineral, because not found in

nature. Scientists usually distinguish minerals from rocks in their names.

The names of minerals usually end in ite, the names of rocks in yte. Halite

is the mineral common salt. Trachyte is a common rock in mining regions.

Dioryte, phonolyte, doleryte, are rocks. The rock well known as granite will

probably maintain its old spelling. There are about 700 well known miner-

als; of these 200 are ides, 200 are silicate? and 300 are other ates—sulphates, etc.

AIDS IN STUDYING MINERALS.
The physical properties of minerals will aid in their determination.

Lustre, color, transparency, malleability, sectility, brittleness, elasticity, taste

and odor will receive attention.

The scale of hardness is talc 1, rock salt 2, calcspar 3, fluorspar 4,

apatite 5, felspar 6, quartz 7, topaz 8, sapphire 9, diamond 10. To illus-

trate, a mineral that will scratch apatite and is scratched by felspar is said

to have a hardness between 5 and 6. A simpler scale is suggested, thumb-

nail, knife and quartz crystal. The thumb-nail will scratch 1, 2 and 3. A
knife will cut from 1 to 6, In fact many miners trust entirely to their

knives to settle the question of hardness. Minerals that will scratch quartz

crystals are rare.

Specific gravity refers to comparison of weight. Pure water is taken as

the standard. The mineral is attached by a slender thread beneath one side

of a balance, or under a spring scale, and its weight found. Next let the

mineral hang in a glass of water, and as it thus hangs find again its weight.

It will be less than before. Subtract the weight in water from the weight in

the air and divide this difierence into the weight in air. For example, sup-

pose a piece of iron in air weighs 460 grains ; in water 401.16 grains. 460

—

401.16=58.84, difference. 460 divided by 58.84 equals 7.8, the specific gravity

of iron.

To use the blowpipe, practice is necessary to secure a continuous stream

of air from the mouth. Pieces of charcoal, small spirit lamp, bottle of alco-

hol and some borax and soda, with some copper and iron wire, make an out-

fit. If the prospector cannot carry all these things he may often secure satis-

factory results by using with the blowpipe a piece of burning wood from his

cooking-fire. In using the blowpipe it is important to remember that a trial

of fusibility with the forceps, if not at once producing fusion, should be made
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on a piece of the mineral not larger than the fourth of an ordinary pin-head,

and it should be either oblong and slender, or thin, and be made to project con-

siderably beyond the points of the forceps, lest the forceps carry off the heat,

and cause a failure where there ought to be success.

Further, it should be borne in mind that in using charcoal a white coat-

ing is always a consequence of burning it, since the ash from its own combus-

tion is white.

Minerals are mostly crystallised, and a knowledge of crystals is an im-

portant aid to a prospector. The subject is too complex and extensive for Cryetaiiography

the scope of this work.

An outfit for making the simple tests suggested below may consist of

three small bottles with glass stoppers, one of nitric acid, one of hydrochloric Simple teete.

acid and one of sulphuric acid, half a dozen test tubes and some glass tubing,

pair of forceps, or piece of tin with a hole in it, in addition to the blowpipe

outfit described above.

Carbonates—Nitric or hydrochloric acid poured on powdered minerals

containing carbonic acid will cause a brisk boiling or effervescence.

Gelatising Silica—Some silicates when powdered and treated with hy-

drochloric acid deposit the silica as jelly. Burning before treatment is advised

in some cases.

Decomposing by Acids—Some minerals after being finely powdered and
boiled with strong acid will deposit silica or sulphur or other substances on
the glass above or as a sediment at the bottom.

Odor of Fuines—Before the blowpipe sulphur, arsenic, selenium and
phosphorus compounds give off their peculiar odors. Antimony fumes are

dense, white and without odor.

Fusibility—The scale of fusibility is from one to five. A mineral that

will melt in a candle flame is 1 ; that cannot be fused, 5.

Color of Flame—When a mineral contains sodium it will burn with a
deep yellow flame. When soda is absent potash will give a pale violet flame,

lime a pale reddish-yellow, lithium deep purple-red, strontium a bright red,

copper emerald green, phosphates bluish-green, boron yellowish-green, copper
chloride azure blue.

Zinc—This metal when heated covers the charcoal with zinc oxide, which
is yellow while hot and white on cooling.

Lead—When the mineral is treated with soda on charcoal in the oxidis-

ing flame the yellow oxide coats the charcoal.

Copper—The flame is mostly bright green. With borax a red or green
bead is formed.

Mercury—Heated in a closed tube with soda, mercury is deposited and
covers the inside ol the tube.

Silver—Argentiferous galena is tested on bone ashes and subjected to the
oxidising flame. The lead sinks into the bone and leaves a brilliant globule

of silver.

Chlorides—If a bead of borax be saturated with copper oxide and then
dipped into the powder of a substance which is to be tested for chlorine, a
chloride of copper is formed which imparts an azure-blue color to the flame
if any chlorine is present.

Phosphates—These give a dirty green color to the blowpipe flame. The
color is more distinct if the substance is first moistened with sulphuric acid.

Carbonates oj Silver and Lead—To assay carbonate of silver and lead,

take the mineral or quartz, pulverise it, put it in a crucible or common clay

pipe
;
put in as much common salt as mineral ; let it come to a boil. Wlieu

it cools the silver and lead will be in the bottom, silver the lowest. To sepa-

rate the lead from the silver, put it in a bone dust cup and melt ; the lead
will absorb into the cup, leaving the silver and gold. To separate the latter,

boil it in nitric acid and this will leave the cold.

29 (M.C.)
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SUGGESTIONS TO PKOSPECTORS.

Trials of

specimens.

Quartz occurs of nearly every color, and of various degrees of glassy lus-

tre to a dull stone without the slightest glistening. The common grayish

cobble-stones of the fields are usually quartz, and others are duU red and
brown ; from these there are gradual transitions to the pellucid quartz crystal

that looks like the best of glass. Sandstones and freestones are often wholly
quartz, and the seashore sands are mostly of the same material.

Let the first trial of specimens obtained be made with a file or the point

of a knife, or some other means of trying the hardness ; if the tile makes no
impression, there is reason to suspect the mineral is quartz ; and if, on break-

ing it, no regular structure or cleavage plane is observed, but it breaks in all

directions with a similar surface and a more or less vitreous lustre, the pro-

bability is much strengthened that this conclusion is correct. The blowpipe
may next be used, and if there is no fusion produced by it in a careful

trial there can be little doubt that the specimen is in fact quartz.

Calcite (calcium carbonate), including limestone, is another very common
species. If the mineral is rather easily impressible with a file, it may be of

this species ; if it effervesces freely when placed in a test-tube containing

dilute hydrochloric acid, and is finally dissolved, the probability of its being

carbonate of lime is increased. If the blowpipe produces no trace of fusion,

but a brilliant light from the fragment before it, but little doubt remains on
this point. Crystalline fragments of calcite break with three equal oblique

cleavages.

Its occurrence
with pyrites.

Its occurrence
in quartz
veins.

Gold, specific gravity 19.3, is a brilliant, solid, lustrous heavy metal, of

a lordly appearance and magnificent yellow—golden yellow—color. There is

but one color to gold, and all the variations from that color simply prove the

presence of alloys and the impurity of the gold, or whatever goes by that

name. It is a saying among the miners that a "great many other things are

mistaken for gold, but gold is never mistaken for anything else." It is about

as difiicult to say certainly where gold comes from as where it goes to, as at

both ends of its course it is in the smallest possible particles.

About the bottom fact now known about gold is that all original iron

pyrites of small grain texture contain gold to a greater or less extent. Of
course this does not cover such secondary large crystal pyrites as those found

in the coal measures and elsewhere, but only the pyrites in veins or compara-

tively unaltered pyritous deposits derived from veins. It is not yet known
whether the gold in these pyrites is in chemical combination with sulphur as

a sulphide of gold, or whether each minute particle of gold is simply covered

with a coating of suljhide of iron, or whether the pyrites is a double sulphide

of iron, or whether the particles of gold are in the metallic state, but alloyed

with silver or other metal which combines more readily with sulphur than

the gold does, and consequently forms a coat of sulphide of silver, etc., over

the gold. The particles of gold are so minute, and the combinations, disso-

ciations and re-combinations follow so rapidly during the splitting up of these

pyrites, that the finest instruments and tests known to chemistry have as yet

been unable to settle this part of the question to the satisfaction of all con-

cerned.

Gold is found not only in the sulphide veins, but also in the crystalline

or quartz and composite veins formed during the dislocation and upheaval

of rocks. Quartz that looks like coarse-grained white sugar is a good sign,

but clear rock crystal quartz, or quartz with a glassy vitreous lustre, wich no

grains in its texture, never holds gold. The granular quartz in veins, badly

stained with iron rust, and full of little sharp-cornered cells with iron dust in

them, is the best prospect, and when this quartz is in streaks or sheets stand-

ing on edge, and intercalated between sheets of all sorts of yellow and brown
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minerals, and some sulphides of iron and copper, all filling up a vein which

has masses of brown spongy iron ore or "gossan" scattered over the surface

at its outcrop, then the prospect requires immediate attention. The mass of

one of these veins may yield from $20 to 850 per ton by the usual rough pro-

cesses, and yet not a particle of gold can be seen in the rock with the naked
eye, and a powerful glass reveals but few specks.

These sulphide veins are the original home of the gold so far as we know,
and their location is nearly always in the talcose slates of the Huronian for-

mation, although in rare cases they can be traced upward into the bottoms
of the lower Silurian or whatever rock immediately overlies the slate. Many Original home of

veins show soft, decomposed and earthy rock and mineral filling the fissure *^® ^° '

for some hundreds of feet down from the outcrop to the water level of the

country, and so far things go on comfortably ; but when the sulphides are

hard and bright and sharp cornered, and the water gets troublesome, it is

more than time for the mining engineer to come with his desulphurising fur-

naces and scientitic processes.

Frequently whole beds of these talcose slates will be found pierced in

many directions by many systems of veins or seams of all sizes, from a mere Veins in Huron-

ribbon set on edge up to many feet in thickness ; and where many thin veins siates.*^"^^

are found the whole mass of rock is crushed, instead of attempting to mine
out any one vein. This plan of crushing the whole mass is also used where
the slate beds are filled with small grains of quartz and pyrite, or little cells

where the pyrite has been oxidised, this slate being simply an old bed of

sand, mud, etc., which has been washed down from some earlier rock with a
pyrite vein in it. Where such a washed down bed of debris has existed long Secondary

enough to have become compacted into a rock, it is a gold bearing bed of
^^°^

rock ; but where the washing down process took place in recent times it is a

gold bearing bed of mud, clay, sand, gravel or anything else, and it is a wet
or dry " diggings " according to its location above or below water level.

Whole hills of sand, gravel and clay may have gold distributed throughout
their entire mass, or the gold may be in a "streak" or " lead" running through
the hill at a certain height or on the bed rock.

Gold occurs in all these secondary deposits, not as in veins, in particles

too fine to be detecteil, but as " wash" gold in grains from dust size up to the Theories on the

nuggets of many pounds weight. That this wash gold is derived from the ^^^°^ °* ^° '

vein gold is a fact acknowledged by all ; but how the fine particles became
agglomerated into nuggets or grains is an unsolved question, although thinkers
and observers in great number have advanced endless theories about electri-

city, galvanism, precipation, cold welding, etc., but so far all the facts are
not accounted for.

Another obscure point in the history of gold is that in the quartz veins,

free from sulphur, the gold is sometimes found in grains, nuggets, sheets or
strings, looking as though it had been melted, leading to the conclusion that
these quartz veins have been reduced by heat from very silicious sulphide
veins, or that the quartz has come up from below in a melted state, and after

passing through sulphides and driving off" the sulphur has brought the gold
up with it. Something of this kind is indicated by the fact that auriferous
quartz contains no water of crystallisation, differing in this respect from the
crystalline varieties with shining surfaces or transparent bodies. Free gold
quartz veins, when washed down, yield gravel diggings containing coarser
wash gold than gravels derived from sulphide veins.

Gold in the sulphides and clays may be so fine as to be really invisible

except under a powerful microscope ; and small as the particles are they are separation of

nearly always flat and just fitted to float away with any current of water that ^°*
^"'"^t^^t-

will carry off" the mud. The best plan with fine stuff", it is said, is to let water ment.
'

alone and pulverise everything to the finest possible condition, with mercury
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in the mill and no water to get between it and the gold, then blow this pow-
dered rock or clay and the amalgam all together through a long, horizontal

revolving pipe, with a bright pool of mercury in the bottom and rings or dams
at short intervals to deflect the current of air and dust, etc., to impinge upon
the constantly fresh, rolling surface of the mercury, which captures the drift-

ing particles of amalgam while the lighter rock and iron dust float on with

the air-current. An air-current of two Jeet per second will not float dust and

scale gold that a water-current of two inches per second would carry off with

ease, and the air-current thus enables us to work with very much more finely

pulverised material than the water-current. One cf the great troubles with

all water processes is the great waste of gold in the " slimes," these being
Waste of gold simply those portions of the vein-stones that have been pulverised too fine for

esimes.
^j^^ rough processes inseparable from the use of water, but which slimes are

just in the most convenient size of grain for the gentle air-current to blow

away, leaving the gold behind in the mercury pipe. It must be remembered
that the gold in the sulphides is in the finest possible condition for gold, and

the sulphides containing it must be pulverised to at least the fineness of the

gold, or all the gold is not freed from its imprisonment ; and it is further to

be remarked that the gold being soft and tough can be flattened into scales-

by further trituration, but cannot be broken into smaller particles, although

the vein-stone can go on being pulverised finer and still finer until it is so

much lighter and smaller than the gold as to be floated out by an air-current

that will not even lift the scales in spite of fhe fact that the pulverised rock

is in globules or cubes. Another point is that the more the particles of gold

are flattened out into scales by dry crushing in contact with mercury, just so

much the greater (and the brighter) is the gold surface for the mercury to lay

hold of it and hold it down by adding the weight of the mercury to that of

the gold while the rock-dust blows away. Just the opposite of this is the

case with the water process, where the more the gold is flattened and bright-

ened the more easily it is floated over the surface of the mercury, by reason

not only of the water getting between them, but also of the film of air which
isolates the gold in the water by floating it and by keeping a membrane of

water around the air again. It is well to remember also that air can always

be had even in the most inaccessible mountain ledges, while water is not

always easily obtained.

A good test is to pulverise the vein-stone and dissolve it in aqua regia

Atast for 'Old. (nitric and hydrochloric acids), then pour in a solution of copperas (sulphate

of iron), which will percipitatethegold(if there is any) in a brown powder to

the bottom of the glass ; rub this powder with a knife and it reveals its true

gold color. The relative weight of the gold thus obtained, when compared
with the weight of the original vein-stone, will give the rate of yield if it was
a fair average sample.

Mica and the two sulphides of iron and copper are more often mistaken

Common mia- for gold than any other substance ; but by remembering that mica is in bunches
takes which may q£ sheets, that iron pyrite is hard and angular and brittle, that copper pyrite

is soft and brittle and cuts into powder, but that gold is not in bunches of

sheets, is not sharp cornered nor brittle and hammers out flat, can be cut into

threads without crumbling, mistakes will be avoided, especially when note is

taken of the great weight of gold when compared with the substances men-
tioned.

SILVER.

Silver, specific gravity 10.53, is an excessively brilliant pure white metal,

Its character- of great malleability and ductility. It is harder than gold but softer than
istics. copper, and can be cut with a knife when pure ; but a very little alloy hardens

it disproportionately. It is found naturally in the metallic state (but never
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-ntirely pure), and also in combination with other substances forming ores.

The metallic silver, as found native, generally has a slightly darkened and dull
looking surface, but reveals its true color when cut or scratched.

Silver glance, or sulphide of silver, gravity 7.0, contains 86 per cent, sil-

ver and 14 of sulphur. It is dark gray to blackish in color, dull externally,

but showing a vitreous metallic lustre when cut, and can be cut as easily as

lead and is slightly malleable—gives off a sulphur smell when heated. This is

the gr3at ore of silver and can be found in nearly all the formations except Sulphideof

the coal rocks. It is rarely pure and never forms the entire metallic contents *'^^^''-

of a vein. Lead veins nearly always contain this ore mixed with the galena.
Galena that is small grained is always argentiferous, but the large grained
galena rarely has it in paying quantities. The sulphides of zinc and anti-

mony and frequently copper will bear testing for silver glance. The lime-

stones of the Silurians and Devonians are the most likely places to find silver-

bearing lead ores, and next after these the slate rocks of the upper primaries.

Red silver, gravity 6 to 6.5, when dark red in color, contains 60 per cent,

silver, 20 of antimony, 12 of sulphur and 8 of oxygen, is almost opaque, has ^«<^ ^^'i^®'-

a metallic lustre and is usually found in crystals. When it is a clear trans-

parent red color, it is a double sulphide of silver and arsenic and contains 65
per cent, of silver.

Horn silver, gravity 5.5, is chloride of silver, contains 75 per cent, silver

and 25 of chlorine. It looks like pearly gray putty or wax, sometimes Chloride of

slightly bluish. The exposed portions on the outcrops of veins look like
^''^^'"•

brown or black cement. It is soft, easily cut and can be hammered out
slightly.

Silver amalgam, gravity 14, is much heavier than pure silver, as it con-

tains 64 per cent, mercury to 36 of silver. It has a very bright silver-white

color, is very soft and can be cut with a knife. It is really not an ore of Aiioy of silver

either silver or mercury, but simply an alloy or mechanical combination of
^"'^ '°®"^^'7-

two native metals. It is one of the principal sources of silver in South
America, but has not yet been extensively found in North America.

All silver ores are to be looked for in any kind of veins in any of the
rocks below the coal measures. All sulphide veins of copper, antimony, zinc ^["=^3 in which

or lead need testing for silver, as they are nearly always found associated.

The silver may not be in paying quantities, but that can only be asserted posi-

tively after testing. All galena that is fine grained and not plainly cubical

in texture may be confidently examined for silver.

To test mineral for silver, dissolve a piece in nitric acid, pour in strong
salt water and if the resulting white powder should turn black on exposure to -^ simple test.

sunlight it contains silver.

IRON.

Iron, specific gravity 7.78, is a silver-white fibrous and ductile metal, and
the most valuable to man of all earth's mineral productions except coal. It is

the strongest of all metals, as well as the most universally diffused, some one
or other of its ores being found in all the formations. It is susceptible of

very high polish, but its afiinity for oxygen is so great that it tarnishes very
easily and is never found entirely pure in a state of nature. Some nearly
pure bits and small masses have been found in many ore-veins, but always Qualities of the

show traces of having been reduced from the ores by heat or precipitation

from solutions. Masses of nearly pure iron occurring as shooting stars or
meteors are frequently founrl where they have fallen, but are preserved from
further oxidation by a glazed or vitrified surface caused by the heat from fric-

tion with our atmosphere during their rapid passage through it. The iron
supply of the world is entirely drawn from the natural ores of this metal, the
few specimens of native metallic iron being useful only as cabinet specimens.
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Magnetic ore.

Specular ore.

Hematite ore.

Limonit^ ore.

Carbonate of

iron.

Magnetite, or black oxide of iron, loadstone, magnetic ore, etc., gravity

5.1, is a proto-sesqui-oxide of iron, in the proportion of 72 per cent, of iron and
28 per cent, of oxygen when the mineral is unmixed with impurities. It is

black in color ; has metallic lustre : its powder is black and it occurs crystal-

line and granular, sometimes earthy and compact, but crumbles easily into

coarse black sand and is attracted by the magnet. It is found principally in

veins and beds throughout the primary rocks and sometimes in the sandstones,

etc., lying immediately upon the primaries.

Gray oxide, gravity 5.0, is the sesqui-oxide and contains 70 per cent, iron

to 20 of oxygen. This ore is the specular hematite, is of steel-gray color, of

high metallic lustre and its powder is red. It is brittle and crystalline and
frequently slaty in structure, and is found principally in beds in the primary
rocks or those immediately overlying them, and the black oxide is nearly
always in company with it, being of similar early origin.

Red oxide, gravity 5.0, is also the sesqui-oxide and contains 70 per cent,

of iron to 30 of oxygen when pure. This ore is properly called hematite
(meaning blood-red ore), inasmuch as it is red both in mass and in powder.
It is of secondary origin, being derived from the foregoing oxide by being pow-
dered, washed off and re-deposited in secondary beds which retain the red

color of the powder from which they were built. This ore is sometimes
deposited as regular beds or strata of rock and for long distances—frequently
hundreds of miles—it holds its position as a member of a formation.

Brown oxide, gravity 4.0, contains 60 per cent, iron, 26 oxygen and 14
of water. Its proper name is limonite and it is frequently called brown hema-
tite, apparently because it is not blood colored either in mass or in povvder. It

is a hyd rated sesqui-oxide of iron and appears to be derived from the fore-

going oxides by being carried off and re-deposited from a solution, whereby it

enclosed its water of hydration, while the red oxide was simply carried off in

suspension as powder. The brown oxide is brown, yellow or purplish brown
or black, but its powder is always yellow. It is generally compact and fre-

quently massive, and like the dry oxides it often forms great cliff formations

in the structure of hills and mountains. This ore is rarely gritty, but some-

times granular, and a very pure and valuable variety looks just like a black

iron sponge, having a vitreous lustre when broken. Sometimes it occurs in

hollow balls, with the interior surface covered with black velvety crystals ;

and when these balls are fibrous in texture, the fibres radiating from the

centre to the circumference, it is called needle ore. Sometimes it is in masses-

in wet lands, either as concretions or as masses of hard brown earth, loosely

packed when it is bog ore. It puts on more different appearances than any

other ore, and owing to its deposit from solution it has been carried every-

where that water can reach and may be looked for in all the formations. In

one shape or another it is the most valuable of American iron ores.

Carbonate of iron, gravity 3.5 to 4.0, sometimes called siderite, chalybite,

sparry or spathic iron, according to circumstances, is of many varieties, but
the definite mineral contains 42 per cent, of iron, 20 oxygen and 38 of car-

bonic acid and other impurities. It is never found naturally pure, but

always mixed with sand, lime, clay, etc., and is a clay ironstone, properly

speaking, in America. It occurs in the secondary and later formations, and
is most abundant in the coal measures, but the nodular ores of the tertiary

clays, such as those from which the best Baltimore iron is made, are carbon-

ates. It may be of any color or shape from white, gray or yellowish masses

to brownish purple nodules, looking like fragments of exploded shells, or from
flattened balls to the full black band ores of the coal measures of western

Kentucky or of England. It is also found in beds intercalated between
other rocks, sometimes in a continuous massive formation looking like gray

or yellowish limestone, but more frequently the ledge is a mass of flattened
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balls or kidneys of large size, mixed with smaller l)alls and grains of the same
ore, with a lime cement, and the outcrop of such l)eds or ledges is generally

weathered into brown, spongy-looking masses of iimonite. Jt is not one of

the most valuable of American ores, where we have so much more of the

richer oxides, but the black band and the clay band carbonates of England have
heretofore produced more than halt the iron supply of the world. In

America we use the carbonates chiefly for mixing and tempering the richer

oxides.

Iron pyrites or fool's gold, gravity 5.0, is a bisulphide of iron and con-

tains 54 per cent, of sulphur to 46 )jer cent, of iron. The rule among iron- iron pjriwj

masters is to call anything an iron ore which contains 20 per cent of iron, but

nobody has yet made iron out of pyrite, because no economical process of

eliminating all the sulphur has yet been discovered, and the merest trace of

sulphur in iron renders it worthless for most purposes. The manufacturing
chemists however make great quantities of sulphur and sulphuric acid, alum
and sulphate of iron or copperas out of it, and when heavy veins of this

mineral are well located for work and transportation they are worth looking

after. The mineral itself is either whitish yellow or brass colored, is gener-

ally a mass of cubic crystalline blocks of all sizes, and each block breaks up
into smaller cubes. The.se are very hard, will scratch a knife blade or strike

fire with steel like flint, are very brittle, and will give off stifling fumes of

sulphuric acid when burned in a candle flame. Pyrite occurs in scattered

crystals or masses throughout the coal measures, and sometimes in the coal

itself, in which case its presence diminishes the value of the coal, as iron can-

not be worked with it. The principal deposits of pyrite however are in

veins in the primary rocks, and frequently such veins extend upward into

whatever rocks immediately overlie the primaries. These veins are nearly
always indicated on the surface by spongy masses of brown oxide of iron, as

in the case of the carbonates, the outcrop of the vein giving up its sulphur
and becoming oxidised Vjy exposure to the weather. Another variety of

these pyritous veins contains arsenic, and the mineral is then called mispickel.

It is of gravity 6,0, contains 34 per cent, iron, 20 of sulphur and 46 of arsenic : MispUk*;.

has a silver-white color, high metallic lustre, is very hard, and smells of garlic

when heated. It is a good ore of arsenic, but not for iron. The iron pyrite

veins, when in the primary rocks and of very small grained texture, can be
looked into for gold with confidence.

Iron paint, or ochre, is simply oxide of iron, either naturally or arti-

ficially triturated to an impalpable powder, either pure or mixed with clay or iron yain*.

other material. The Iimonite oxides give yellow paint and the hematitic
give red, while the magnetic give black paint. Iron does not become red
until it is combined into the sesqui-oxide, containing 30 per cent, of oxygen
and 70 of iron.

COPPER.
Copper, specific gravity 8.9, is of tine red color, very soft and ductile,

takes a high polish, but quickly tarnishes again by coating with oxide and Qualities of

carbonate of copper. Its tenacity is nearly as great as that of iron, but its ''''VV<^^-

elasticity i.s very low. It is found native in grains and masses in nearly all

veins carrying copper ores.

Such mines as the Calumet and Hecla, near lake Superior, where they
stamp and wa.sh 800 tons per diem of rock containing 5 j^er cent, of its weight
in sliot copper or copper dust, are the J)aying mines. In the early days of

copper mining on lake Superior a good yield of copper was obtahrod by small
gangs of men washing out the sands and gravels from the stream bottoms ^ ^''**''^^^

below veins, as is done in gold districts ; but the business was very small,

and soon abandoned for regular mining. A peculiaritv of this lake

Superior copper is that much of it contains silver, not as an allov regularlv
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combined, but simply disseminated through the mass in globules from the size

of a pin-head to that of a walnut. These great copper veins are all powerful

disturbprs of the magnetic needle.

Cuprite, or red oxide of copper, gravity 5.9, contains 88 per cent, of

copper and 12 of oxyyen. It is of a deep blood red color, semi-metallic lustre,

and is generally in crystals, either cubic or octagonal. It is found in nearly

all copper veins, being a product of the oxidation of some other ore, or of

metallic copper itself, but it is never the principal ore of a vein.

Melaconite, or black oxide of copper, gravity 5.5, contains 72 per cent,

copper and 28 of oxygen, is black, dark blue or brown color, and velvety in

appearance. It is found with cuprite in all copper veins as a result of the oxi-

dation of other ores, and sometimes, as at Ducktown in Tennessee, it is one

of the most valuable zones of the mines.

Chalcopyrite, or yellow sulphide of copper, or copper pyrites, gravity 4.2,

contains properly 35 per cent, of copper, 30 of iron and 35 of sulphur, but

the proportions are liable to all sorts of variations. It has a yellow brassy

color and bright metallic lustre, but tarnishes easily. It is quite soft, and

can be shaved into powder with a knife. A bright yellow and soft ore is apt

to be rich, while a whitish yellow, dull colored and hard ore is poor, owing

to the greater quantity of iron present. This chalcopyrite is always accom-

panied by pyrite, and in general the top of the vein is a brown spongy iron

ore for a certain distance, then pyrite, with a little chalcopyrite, and this

latter increases downwards until at a couple or three hundred feet the vein-

stone carries chalcopyrite almost entirely, after which it is valuable,

Ohalcocite, or gray sulphide of copper, gravity 5.0, contains variably 25

to 65 per cent, of copper, 20 to 30 of sulphur, and a remainder made up of

iron, zinc, antimony, ar.senic and other nuisances, but it is, nevertheless, a

very easy ore to work. It is steel-gray in color, dull surface and rather soft

and brittle, and melts easily in the flame of a candle. It occurs in veins with

pyrite and chalcopyrite, either massive and crystalline or granular. It is

proper to say that the bisulphide of copper, which forms the basis of both

chalcocite and chalcopyrite, and which does not occur as a natural product

pure, contains 78 per cent, of copper to 22 of sulphur, and looks very much
like metallic iron, and that the more closely chalcocite approaches bi-sulphide

in composition the richer it is.

Silicate of copper, gravity 2.1, is a compound of oxide of copper with

silica and other impurities, and contains 30 to 35 per cent, of copper. It is

bluish-green in color, resinous or dull glassy lustre and texture, and its frac-

ture is like that of glass, but it is soft and easily cut wich a knife ; turns

black when heated. This is generally rather a fancy material, but is some-

times found in the southern and Pacific coast mines in large masses accumu-

lated by incrustations at and near the outcrops of the veins of other copper

ores, but never constitutes a vein by itself, being simply a product of secondary

action on the sulphides. It is a valuable ore, and profitable according to its

quantity.

Malachite, or green carbonate of copper, gravity 4.0, contains 56 per

cent, copper, 14 of oxygen, 22 carbonic acid and 8 of water. It resembles

green marble, with banded or wavy structure, is found as a precipitation in

veins of other copper ores, and when in plates of any size is valuable for

mantels, table tops, vases, and for all sorts of ornamental work. It is also

used in jewelry, and when in large and well-shaped pieces, and of beautiful

color and texture it commands a very high price, although as a source of

copper it is of no importance.

Azurite, or blue carbonate of copper, gravity 3.8, is of substantially the

same composition as malachite, but is of a beautiful blue color and occurs in

nodules and concretions. It is used only as an ornamental material, and can
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be distinguished from the blue silicate by its clearer and more gem-like
appearance, and by the fact that it effervesces with acid, which the silicate

does not.

In general it may be said of copper ores that they are distinguished by
liveliness of colors ; that they are soft ; that they impart their colors to other General char-

substances by rubbing ; that they nearly all turn bright green on long
"'^ "^*

•exposure ; and that they occur only in veins in the primary rocks or rocks
immediately overlying them, or in igneous rocks. In Colorado the veins are

in granitic rocks, and are much given to producing malachite and cuprite

ores, as well as the sulphides.

PLATINUM.
Platinum is a bright white metal, very like silver in appearance. Its

specific gravity is 21.15 when pure, bning the heaviest known metal. It is Qualities and

both malleable and ductile ; welds like iron at a red heat, but cannot be
°'^^"^^''^-

melted by any heat less intense than that of the compound blo%vpipe. It

•does not oxidise or tarnish, and is not attacked by any single acid. It is

never found as an ore, nor yet pure, but always in the metallic form allied

with other metals, and one of the most tedious processes in chemistry is that
for purifying platinum. It is nearly always alloyed with the metals osmium,
rhodium, iridium and palladium, one or two of which are thought to be as

heavy, if not heavier, than the platinum, but the quantities for testing this

are so minute as to make accuracy difficult. Platinum is found along with
gold in the sands of the streams of the primaries. It is in flattened grains

and small masses, the native alloy having a gravity of 17 to 19, and having
generally angular corners and occasionally black dots on the dull white sur-

face of the grains. It is found with gold in Russia, Australia, South America
and in the United States, but only sparingly in this latter country.

M E B C U R Y.

Mercury, or quicksilver, specific gravity 14.4, is a brilliant silvery white
metal, liquid at ordinary teiiiperature but freezes solid at 40 degrees below Qualities,

zero, Fahrenheit, and when thus frozen can be hammered out into plates or

drawn into wire, and can be welded like iron. It occurs naturally in the
metallic state in globules disseminated through the rocks, as the result of

natural reduction from its principal ore, the sulphide of mercury or cinnabar.

Cinnabar, gravity 9.0 to 10.0, contains 80 to 90 percent, of mercury,
and 10 to 20 of sulphur, is a vermilion red granular ore, sometimes in com- cinnabar,

pact masses, and again like loose red earth with a yellowish tinge. It will

evaporate entirely if thrown on a red-hot shovel, This ore is the only ore of

mercury worth looking for, and all the mercury we know of is in the rocks
above the lower primaries, owing to its extreme volatility. It is rarely found
actually in veins, but is apt to be disseminated through the neighboring rocks,

no matter what rocks they may be.

NICKEL.
Nickel, specific gravity 8.82, is a brilliant silver-white metal, very malle-

able and ductile, and does not oxidise at ordinary temperatures, being there- QuaUtiea.

fore very valuable for cheap coins and cheap spoons and other ware. It

occurs in the metallic form naturally only with metallic iron in meteors, and
for all practical purposes it is extracted from its ores.

Copper-nickel, gravity 7.0 to 7.5, contains 45 per cent, of nickel to 50 per
<5ent. of arsenic and 5 of iron, lead, sulphur, etc., but no copper, its name copper-nitkei.

coming from its copper-like appearance. It is hard and brittle, and generally
fine grained, and of high metallic lustre. Its powder is almost black, and
the fresh surface of the ore soon tarnishes, first to grey, which deepens with
time to black.
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Sulphide of nickel, gravity 6.5, contains 65 per cent, of nickel to 35 of

sulphur, is a mass of grayish to yellow flexible threads, having a metallic

lustre. This material is very rarely found pure, but is nearly always mixed
with antimony or with iron pyrites, as follows :

Nickel glance, gravity 6.5, is sulphide of nickel and antimony, and con"

tains 28 per cent, of nickel, 17 of sulphur and 55 of antimony, it is steel

gray in color, metallic lustre, very brittle, and occurs in masses with a granu-

lar texture, the grains being almost cubic.

Magnetic pyrites, gravity 4.5 to 5.0, is a compound of the sulphides of

nickel and iron, and contains generally about 20 to 25 per cent, of nickeL

It is massive, very brittle, metallic lustre, and dark brass or orange colored.

It is slightly magnetic, and, although not so rich in nickel as the other

ores, it is the source of nearly all the nickel supply by reason of its greater

abundance.
All nickel ores are found in veins in the primary or lower secondary

formations, and the ores are rarely found except in association with cobalt

ores mixed with the ores of copper, lead and other minerals, as spoken o£

under the head of cobalt.

COBALT.

Cobalt, specific gravity 8.5, is a lustrous, reddish gray metal of granular

Propertiesand texture and very brittle. Its texture can vary from granular to fibrous or
«ses. laminated, according to the degree of heat used in its reduction from the ores.

Metallic cobalt is never found native, and its reduction from its ores is exceed-

ingly diificult as it is so much like nickel in all its properties, and the two-

are always associated. Metallic cobalt is not useful except as specimens in

cabinets, etc., but its combinations with oxygen and other elements give us

smalt, and azure, and ultramarine, and all the beautiful blue coloring matter

for glass.

Arsenical cobalt, gravity 7.3, is a silvery white mineral containing 30
Arsenical cobalt, per Cent, cobalt, 60 of arsenic and 10 of iron, copper, sulphur and other im-

purities. The silver white color is only on fresh fractures, the external sur-

faces tarnishing to reddish gray. Texture compact to granular. It is brittle

but can be cut with a knife, and its lustre is metallic.

Cobalt glance, gravity 6.5, sometimes called smaltine, contains 35 per
Cobalt glance, cent, cobalt, 50 of arsenic, 20 of sulphur and 5 of iron and other impurities.

Its color is tin white, with a light red tinge, shining metallic lustre, and is in

well-defined rather cubic crystals, slightly lamellar in structure. It is not

brittle, cuts with difficulty, and both this and arsenical cobalt give off an
odor of garlic if held in the flame of a candle.

Cobalt pyrites, sulphide of cobalt, gravity 6.3, contains 43 per cent, of

Sulphide of cobalt, 14 of copper, 40 of sulphur and 3 of iron, etc. Its color is steel gray^
cobalt. inclining to yellow. It is found in grains or granular masses, the grains,

being cubic in shape.

Oxide of cobalt, gravity variable as found naturally, looks just like black

Oxide of cobalt, earthy oxide of manganese or wad, and is nearly always mixed with it, so

that the character and value of the mixture depend entirely on its constitution.

The cobalt ores are always found with nickel ores in the veins and de-

posits in the primary and lower secondary formations, and frequently mixed

Occurrences. With copper Or lead ores, as in Missouri, where in some mines the lead and
copper are powdered over with bluish semi-oxidised arsenical and sulphide

ores of cobalt and nickel, and some seams of the clay slates are spangled with
dots of these ores.

TIN.

Tin, specific gravity 7.29, is a silvery white metal of high metallic lustre.

It is very malleable and soft, but owing to its crystalline texture it is not

ductile, and has almost no tensile coherence, and has therefore to be used irk



459

alloys or as a coating to other metals. It oxidises with great difficulty at

ordinary temperatures, and is therefore very useful as a surface coat for Properties,

other metals such as iron and copper. It is said to have been found pure in

Russia and elsewhere in Europe, but only in small grains, and is derived

entirely from tin ores for commercial use.

Tin stone, or binoxide of tin, gravity 7.0, contains 78 per cent, of tin and

22 of oxygen. It is a peroxide, i. e., it cannot be further oxidised, and is

also called cassiterite. It can be gray, yellow, red or black in color, is of a Tin stone.

brilliant lustre, and hard enough to strike fire on steel. It is found in veins

in the granites and slates of the primaries, and is also found as grains in the

beds of streams, and is then called stream-tin. It is the principal ore of tin,

and produces perhaps 95 per cent, of all the tin the world uses. The prin-

cipal tin-producing countries are Cornwall in Britain, and Tasmania and
other Australian colonies.

Tin pyrites, or sulphide of tin, gravity 4.4, contains generally 26 per

cent, of tin, 30 of copper, 12 of iron and 32 of sulphur, and as it is a copper

pyrite or iron pyrite as well as a tin pyrite, the miners compromise by calling Sulphide of tin.

it "bell metal ore." At all events there is very little of it, it occurs in veins

in the primary rocks, and is as often worked for copper as for tin when it is

found. Its crystalline form is cubic and very similar to iron pyrite, and it

leaves a black streak on a hard white surface.

ANTIMONY.
Antimony, specific gravity 6.7, is a silver-white metal of brilliant lustre

and crystalline texture. It is very brittle and can be pulverised with a ham-
mer. It is not sensibly aflfected by exposure to air at ordinary temperature,
but tarnishes slowly, although it does not rust. It is only useful as an alloy. Qualities and

being too brittle to be used alone. It is found in the metallic state as an
*'°*^""®°'^

alloy with a great many other metals, but its principal useful occurrence is in

combination with sulphur.

Sulphide of antimony, gravity 4.5, contains 72 per cent, of antimony and
28 of sulphur. It is a leaden gray in color and of metallic lustre, unless tar-

nished by oxidation. It is both massive and fibrous, like bunches of needles,

and can be granular. Its powder is gray and turns black and irridescent on sulphide of anti-

being heated and will melt in a candle flame, giving off fumes of sulphur. It ™o°y-

is found in the veins of the primaries and secondaries, intermixed with the
lead and zinc ores and with the carbonate of iron ores and sulphate of barytas,

quartz and other minerals. There are oxides of antimony as well as other
antimonial minerals, but they are of secondary origin and very rare occur-
rence, and therefore of no commercial value.

ZINC.

Zinc, specific gravity 6.8, is a brittle bluish white metal, very lustrous
and of a crystalline foliaceous texture on freshly broken surface. It is never
found pure in nature, but is extracted from its ores.

Sulphide of zinc, black jack or zinc blende, specific gravity 4.0, contains
66 per cent, of zinc to 34 of sulphur and impurities. It is of yellowish brown
color generally, but can grade down to black and bluish black. It looks like

masses of agglutinated crystals of brown honey or clear resin. It occurs in sulphide of

all the formations between the Huronian and the Carboniferous, and in some of
""*''

the gold and silver mines it is a very abundant gangue rock and choice nui-
sance, silver ores mixed with black jack being the most difficult to treat. The
zinc, which is only worth six to ten cents per pound, insists on being attended
to first and acts generally as though it thought that the gold and silver were
mere incidentals. Where mother nature has had time however she teaches
this black jack to be useful by desulphurising it itself and thereby forming
the carbonate and silicate of zinc.
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Silicate of zinc, or calamine, gravity 3.4, contains oxide of zinc, 71 per

cent., 25 of silica and 4 of iron and lead ; the oxide of zinc producing from
Silicate of zinc. 50 to 60 per cent, of metallic zinc when measured on the weight of the original

^ mineral calomine. Miners call this ore and the carbonates of zinc and lead all

" dry bone," because sometimes they look somewhat cellular like old bone,

although calamine most frequently is glassy, lustrous and transparent and is

generally colorless, but occasionally grayish to yellowish. This is one of the

principal ores of zinc, is a secondary product from zinc blende and is found
most plentifully in the limestones of the Silurians. It can occur in veins or in

washed deposits from broken down veins, the debris of which has been incor-

porated as part of subsequent formations.

Carbonate of zinc, or smithsonite, gravity 4.4, is very similar to silicate

and is even yet called calamine by some engineers. It is softer than calamine

and heavier, and will effervesce with acids. It contains 65 per cent, of oxide

of zinc and 35 per cent, of carbonic acid and impurities, the oxide of zinc

panning out about 50 per cent, of zinc, measured on the original weight of

carbonate of zinc. This ore and the silicate produce nearly all the zinc

used in America. They are always found together and always where their

descent from blackjack can be traced with time and opportunity to devote to

the problem.

Oxide of zinc, gravity 5.5, contains 75 per cent, of zinc and 25 of oxygen

Oxide of zinc, and impurities. It is red or reddish yellow, brilliant lustre and is translu-

cent, occuring either in grains or in foliated masses like mica, but the leaves

are brittle. This ore accompanies black jack in the veins of the primary

rocks as well as in the Silurians. It is the richest o*" all the zinc ores and
perhaps the most easily worked in the furnace, but it is not an abundant ore,

and therefore not important as compared with the silicates or carbonates,

although it is much used for making paint.

Lead, specific gravity 11.445, is a soft bluish gray metal, of high metallic

Properties. lustre when freshly cut, but tarnishes almost immediately ; leaves a black mark
when rubbed on paper ; very ductile. It is rarely or never found pure in

nature, but is extracted from its ores.

Galena or sulphide of lead, gravity 7.7, contains 86 per cent, lead to 14

of sulphur ; is of leaden-gray color, high metallic lustre and nearly always is

a mass of cubic crystals which are very brittle and easily powdered into black

Sulphide of lead. dust. It melts and gives off sulphurous fumes when heated. It nearly always

contains more or less silver, which frequently is enough to pay for extraction
;

in fact many of the great silver mines of the world are simply galena veins,

which are worked primarily for the silver, and the lead saved after reduc-

ing the silver is then sold as a secondary product. Galena is the mother

source of all lead,the other ores being the result of reaction on the sulphide

by other agents. It occurs primarily in veins, but also in beds and pockets,

these being vein materials washed down or dissolved and re-deposited. The
veins are most frequent in the primary rocks, but th^y are found all the way
up among the formations to the base of the carboniferous, where the veins

are larger than in the pj imaries but not so frequent. A feature of galena

veins is that in limestone they are largest and diminish down through

sandstones, and are smallest in the slates of the primaries. The Silurian and
Devonian limestones, lying immediately on or separated from the slates by

very thin members of the same groups, as in the Mississippi valley, appear to

be the best places to look for galena veins and deposits, while the great sil-

ver-bearing lead deposits of Utah and other western localities appear to have

very little system in their modes or locations of occurrence.

Oerussite or carbonate of lead, gravity 6.5, contains 77 per cent, of lead

when pure mineral, but except as cabinet specimens it is never found pure :
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60 to 65 per cent, of lead is its practical yield, the balance being oxygen, car-
bonic acid, silica, iron, zinc and other impurities. The pure mineral is in Carbonate of

translucent grayish white crystals, but the ore of lead is known as " dry bone " '®**^'

on account of its appearance. It is generally a little porous, of white or yel-
low or reddish yellow color and looks much more like masses and cakes of
clay than anything else, and, unless its weight reveals its nature, it is apt to
be thrown aside. It is found with galena and is frequently the outside of a
mass of which the inside is galena not yet entirely changed to cerussite, and
in such cases the mass looks like compact ashes. It does not form veins or
great deposits by itself, but its presence is a good indication that galena is
near and there is sometimes enough cerussite with the galena to pay for
extraction.

Pyromorphite, or phosphate of lead, gravity 6.8, contains 55 per cent, of
lead and is a green or yellow earthy-looking indeterminate crystal or mass of Phosphate of
crystals, covering cerussite or galena as an incrustation. It is a secondary ^®^-

product and is chiefly valuable as an indication that galena is to be found
below, the pyromorphite generally showing at the outcrop of veins or
deposits.

There are oxides of leads made artificially for painting purposes and a
sulphate of lead which effloresces over galena deposits, and there are other other com-minor occurrences of the compounds of this mineral ; but they are all second- pounds,

ary products of galena, and except those named they are not even reliable indi-
cations of the proximity of lead and are nearly indistinguishable from ordi-
nary clays and earths.

CH KOME.
Chrome, specific gravity 6.0, is a grayish white metal of radiated and

crystalline texture, very hard and brittle. It is never found native and can occurrences
only be reduced from its ores with great difficulty, and is therefore rarely
used in its metallic state, but mostly in combination with oxygen, making
chromic acid, which combines with potash and other bases to make coloring
matters. °

Oxide of chrome is chrome with one part of oxygen, and in this form it
IS translucent and crystalline, of green to yellow color, and the crystals can be
large or so small as to be merely dust. This mineral combined with oxide of Oxide of chrome,
iron makes the chromic iron ore from which all the chromic salts used are pro-
duced. Sometimes in this ore the two oxides are simply mixed, and sometimes
the oxide of chrome takes- up the oxvgen out of the iron and becomes chromic
acid, when it attacks the iron and forms chromate of iron, which is the most
usual form of chrome ore. This ore again is mixed with alumina and mag-
nesia and occasionally silica, in which last case it is valueless, the silicious or?s
not yet having been economically reduced. The general appearance of chro-
mic iron ore IS that of agglomerated masses of crystals, apparently stuck
together with white or yellow paste. The crystals are usually about as lar-e

Tn'^'-vu
°^ ^^'^""^ °' greenish black color, with a gravitv of 4 5 to

% ite masses ot crystals are very hard, but very brittle, and the amount
of oxide of chrome obtainable is from 40 to GO per cent. It is nearly always
tound with serpentine, and never outside the limits of magnesian rocks The
principal sources of supply are the serpentines of the Atlantic states and
similar formations in California.

MANGANESE.
Manganese, specific gravity 8.0, is a grayish white metal of very mild

lustre fine granular texture, rather soft and very brittle and oxidises very prapidly. It is very diflScult to obtain pure, and unless produced by a carefuland complicated chemical process it contains carbon and then resembles cast
iron both in appearance and quality, varying principally in being more brittle

'erties.
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and so hard as to strike fire and scratch the best steel. It enters into alloys

with pretty much all the other metals, and makes them harder and whiter as

well as more brittle. It is never found in the metallic state in nature.

Pyrolusite or peroxide of manganese, gravity 4.8, is a black to blackish

brown shining mass, sometimes velvety or fibrous in appearance and contains

63 per cent, of manganese to 37 of oxygen. It is found in veins in the pri-

maries and lower secondaries and nearly always more or less mixed with

oxide of iron, making a compound ore which when combined in proper pro-

portions smelts into ferro-manganese, a very useful substance for physicking

Bessemer and other steel. Spiegeleisen is one of the varieties of ferro-man-

ganese, these special compounds being smelted from ores either naturally or

artificially mixed. This ore of manganese is used extensively as a producer

or yielder of oxygen for all sorts of laboratory uses and for bleaching pur-

poses. When this ore takes up water and becomes hydrated it is called psilo-

melane, so long as it remains in the veins with the pyrolusite, where it is found

often in streaks through the last named.

Sparry manganese, gravity 3.6, contains 53 per cent, of oxide of man-
ganese, 40 per cent, of silica and 7 per cent, of iron, lime, magnesia and water.

It occurs with the other manganese ores and usually in crystalline masses,

flesh-red in color, but can be brown to yellow and even green and is semi-

transparent generally, but sometimes opaque and is nearly always black on
long-exposed surfaces.

NATURAL PAINTS.

Natural paints are those minerals which, when finely powdered and
mixed with oil, will adhere to any surface upon which they may be spread,

and in time form a skin or film hard and impermeable enough to protect the

surface from ordinary weathering.

Red iron paint is composed of oil mixed with the red powder of pulver-

ised sesqui-oxide of iron, the ores for this purpose being the gray or red oxide,

i. e., the specular and red hematites described under the head of iron and its

ores. The sesqui-oxide of iron contains 70 per cent, of iron and 30 of oxy-

gen, and is the richest possible red iron paint, for the reason that no iron

oxide becomes red until it takes up 30 per cent, of oxygen, notwithstanding

the efii"orts of certain paint makers who guarantee their red paint to contain

72 and even 90 per cent, metallic iron. The red paint made by complete

pulverising of the gray sesqui-oxide, or the red dyestone hematite ores, with

very heavy machinery and conscientious care, is a first-class paint, and
possesses merit enough of its own without any 90 per cent, guarantee or

sailing under false colors.

Yellow iron paint is the powder of pulverised hydrated sesqui-oxide of

iron, commonly called limonite or brown hematite iron ore. When pure

this ore cannot contain more than 60 per cent, of iron, but by mixing with

the anhydrous oxides the color is darkened and the metallic percentage in-

creased nearly up to that of the red or black oxide.

Black iron paint is the powder of pulverised black oxide of iron, this

being the magnetic ore, and contains when pure 72 per cent, of iron. This

ore is a proto-sesqui-oxide, and is the richest possible stable or fixed compound
of iron and oxygen, the proto-oxide changing into this by taking up more

oxygen on the first exposure to moist air. This black powder mixed with

the red or yellow powders gives a very wide range of colors, and all in first-

class metallic oxides.

Umber is of variable shades, but is produced by mixing the iron paints

with powdered oxide of manganese, which gives a purplish gloss to the iron

colors.

Red copper paint is the pulverised red oxide of copper, and is rarely

made for use out doors as the ore is too valuable. Green copper paint is the

pulverised green silicate of copper and is a fancy color.
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Zinc white is the oxide of zinc, and is not found pure enough in nature,

so that it has to be manufactured with great secrecy at large and costly

establishments.

White lead is carbonate of lead, which also is made in large establish-

ments and under complicated processes, the native carbonate ores of lead not ^'^ ^^ '

being pure enough.

Red lead is an oxide of lead, and has to be carefully manufactured bv .. ,

,

•' •' Red lead.
experts.

Vermilion is pulverised cinnabar, the sulphide of mercury. Vermilion.

Spar paint is pulverised barytes. It makes a tolerable paint, very white gp^p paint
in color, and is the best thing to mix with white lead or zinc paints, if you
will have adulterations.

Cement paint is any kind of lime mixed with vegetable oil instead of „ . .

water, as in the case of whitewash. There are some of the cements which
^^'

make a most admirable paint when ground in oil-

Slate paint is simply selected scraps of fine-grained slates pulverised and
mixed or ground in oil. When used in very thick coats the slate paints be- '

**^ ''^'°*'

come fireproof, and mixed with India rubber, or sometimes asphaltic mineral,
they make good roofing.

Graphitt; paint is pulverised pure black lead or graphite. This is very
fine and glossy, and can be made into a fireproof coating for roofs and other

'^'"^p^'** p*'"*-

surfaces.

Red ochre is fine clay containing enough red iron ore to tint it. It can
be made artificially by mixing red iron paint with clay, but the fine natural Red ochre,

ochres are the most valuable by reason of the immense amount of assortment
and trituration which they have undergone, and which man has not yet success-

fully imitated except by expensive chemical precipitation. It is possible
that a mixture of iron paint and hydraulic cement or lime might prove very
valuable.

Yellow ochre is any mixture of clay with brown iron ore, and can be
prepared artificially, as with red ochre, but the natural mixture is the best. Yellow ochre.

These ochres when mixed with manganese make the different shades of umber.
The difference between the metallic paints and the ochraceous paints is merely
that the metallic paints are the pure oxides, while the ochres have more or
less clays mixed with them. All natural paints should be carefully assorted
into lumps of uniform color and texture before being powdered, or the result

will be variable. The yellow iron paints and ochres change to red by burn-
ing, ^. e., the water of hydration is burned out of the limonite iron ore, leav-

ing it a red hematite.

PROF. Clayton's advice to prospectors.
1. Examine the gravel and boulders of the mountain streams, and note

carefully the structure and character of the gravel wash. This will reveal in mountain

the geological formations that are intersected by the stream. Try the sands
'^'"'"*-

at the head of the gravel bars for free gold or for any crystallised minerals.
If the structure of the quartz boulders or other vein stones is favorable, cro

up the stream until the geological zone is found that has produced the quartz
or other metal-bearing minerals. Then follow the supposed metal-bearinc
zone on its line of strike, and make especially careful examinations wherever
eruptive dykes are found intersecting the formation.

2. When a lode or vein is found, note carefully its relation to the coun-
try rock, especially any differences in the opposite walls of the vein. Then On discovering-

follow it on the line of outcrop, and note carefully those points where the best * ^'^^'

ores are seen, so as to determine the position of the best ore chutes before
making any location on the lode.

3. The first work should consist of shallow cuts across the lode at inter-

vals of 50 to 100 feet, or if the vein is small and partially covered by soil and f"'"' «'«''.

debris, a trench along the line of outcrop is preferable.
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4. The work of exploring the vein under ground is the next thing in

order. To do this intelligently you must select that point on the line of out-

crop where the best ore is found, then sink a shaft on the lode following the
angle of dip, keeping both foot wall and hanging wall exposed if possible.

If the lode is too wide for this to be done, then follow the best ore streak of

the vein itself, and at every fifty feet in depth make cross-cuts to the walls of

the vein.

5. After 100 feet deep has been reached, run levels each way from the

shaft on the line of the vein in order to determine the extent or spread of the

the ore chute or chimney on the horizontal line. When the limit of the ore

body on the horizontal line has been ascertained, then sink 100 feet more^

and drift right and left as before. If more than one chimney of ore is found

on the line of the vein a shaft should be sunk on it and drifts run as above
stated, being careful to confine all the exploring work within the walls of the

vein itself.

6. When enough has been done to prove the character, size and quality

of the vein, it will then be time to determine the position, character and ex-

tent of the ' dead-work ' necessary to work the mine to the deep. These
questions should be settled by careful surveys made in the light of all the local

facts and surroundings, such as the geological structure of the country rock,

the probable amount of water to be raised, the lowest point of drainage by
adit or level, and the most convenient point for the delivery of the ores to the

surface, etc. The last part of the preliminary exploration of any mine is to

determine by actual tests what are the best methods of reduction, and the

extent and kind of reduction works needed, etc.

7. After all these preliminary facts have been thoroughly ascertained

and clearly defined, the unavoidable risks of mining will have been fully met
and overcome. All subsequent operations are simply matters of skill and
business management, and the capitalising of the mine becomes a mere
matter of business detail. The requirements are as follows :

(1) The preliminary exploration must have ore enough cut and under-

run, or otherwise exposed, to give at least two years' work for reduction works
of an extent sufficient for the annual average output of ore.

(2) The reduction works must be suited for the best treatment of the

ore.

(3) The exploration of the mine must be pushed ahead of the extraction

of ore, so as to expose at least one ton of ore in new ground for every ton

extracted from the previously explored ground.

(4) Before erecting reduction works the ore exposed in the mine should

be so thoroughly tested as to guarantee a net profit sufficient to pay the whole

cost of such work.

(5) The mine being well opened and the reduction works or plant estab-

lished, the general success of the enterprise must depend upon the efficiency

of the general business management.

Iron ore wealth
of Ontario.

G.—EXPLORING FOR IRON ORE.

BY WILLIAM COE, ONE OF THE COMMISSIONERS.

The iron ore deposits of our province have as yet remained practically

undeveloped. A few mines have been opened and some shipments of ore

made, proving their extent, their richness and their great commercial value ;

but what has been done is simply a drop in the bucket compared to what

remains to be done. The wealth yet to be mined is simply incalculable.

There remains in nature's storehouse of underground deposits treasures

which, if a business was once opened by their working and manufacture in

various ways, would bring this province into a prominence that no other com-



465

mercial enterprise could approach. The results would be a great increase of

population, an active transportation service both by rail and water, and an
influx of capital surpassing any calculation that might be formed of what is

likely in this respect. Our present mineral enterprises are so recent that

public attention needs to be drawn to the subject in a marked manner in

order that the magnitude of our iron and other ore resources may be fully com-
prehended, and steps be taken to inaugurate some means of bringing into a
practical shape its mining and manufacture, at least to lead to a beginning
of what may become a profitable industry among our own people and a vast

•commerce with our neighbors.

OCCURRENCE OP IRON ORES IN ONTARIO.
Iron ore is principally to be found iu Ontario in the Laurentian and

Huronian formations. Thfe Laurentian hills, as the geologists term them, i^on^ores in

°'

are the oldest in the world. They occupy the principal portion of this Ontario,

province, stretching from the Ottawa river to the Georgian bay, and thence

along the north shore to the head of lake Superior. In these no indications

of animal life can be traced. The hills are of all shapes and dimensions.

The region in which they occur is all underlaid with rock at a slight

<iepth, and it crops out in vast beds, boulders, high ledges and numerous cliffs.

The hills and valleys are covered with pine, hemlock, cedar, tamarac, etc.,

and have been but little explored except by lumbermen who there carry on
year by year their operations. The rocks composing the Laurentian forma-
tion are of difl'erent classes, the principal being granite and diorite intermixed
with bands of crystalline limestone. The limestone occurs in large patches,

mostly broken within the first twenty or thirty miles of the southern limit of

this formation. It is in contact with these or near them that the iron ores

are found. The stratification of the Laurentian rocks is very irregular and
contorted, and they dip at all possible angles. There are two sets of veins

crossing some parts of it, one striking northeast and southwest, and the other

crossing on the opposite points of the compass ; and surface indications lead

to the finding of iron ore deposits. The ores are generally known as hard ^ard and soft

and soft; the former includes the magnetic and specular, while under the
latter are classed all those known as hematites.

INDICATIONS OF ORE BODIES.

The use of the magnetic needle has frequently led to the discovery of ore

deposits, although its deviations do not determine the certainty of a deposit ; Use of the mag

-

yet experience has proved that where these occur is a good place to look for prospectiag.
*°

ore. Sometimes the magnetite in the rocks causes these fluctuations, but
notwithstanding this, faith in the needle has been frequently followed by the
discovery by prospectors of very promising mines. No one can tell with cer-

tainty what the origin of ore deposits is, and the only way to fijid them is by
careful search in such variety of rocks as similar ores have before been found in.

Sometimes there are indications which an expert seizes upon as a guide to

prosecute a search when they occur, with generally fortunate results. Mag-
netic ores are frequently found with a large body of green and granite rock Magnetic ores ii

on the north and a body of quartzite on the south side. Frequently these certain forma-

may be at a considerable distance from each other, but in the interval between
them there may be found a body of o^-e. These rocks when they come closer

together form the walls of the vein enclosing the ore. Their distance apart

can be calculated upon as a means to discover the depth of the deposit, it

being generally considered that the point where they meet together under-
ground will be the depth of the deposit. Frequently timber of fine growth
in the iron formation indicates the presence of iron ore, as a good many mines Timber as an

have been found when the timber is straight and of good size, clear of under- '"^ication of

brush, and of better quality in comparison with other trees of like kind in

that vicinity. Where the timber is good and iron ore is found, it is generally

SO (M.C.)
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first-clasa, but where the timber is of poor growth and a mixture of all

kinds of scrubby wood the ore as a rule is of inferior quality. Invariably

very fine springs have been found where mines of a permanent character have
been located. None of these are infallible signs, but all have their bearing;

on the subject, and frequently attention to them will be rewarded with good-

results. Magnetic ores are generally found in beds. They are of all sizes,

from those yielding a few tons to those containing enormous quantities.

The hematite ores already discovered in Ontario have been found closely-

connected with the lime rock, this formation being of a later date. We believe

that in working the hematite finds a great number of good mines will be

found heavily capped with lime rock. These hematite ores may yet

prove to be the most valuable in the country, and to produce a great output

of one of the materials necessary to mix with the' hard ores in the manufac-

turing of a high grade of charcoal steel.

The opinion is that the hard ores run to a very considerable depth. This

can only be tested by the use of the diamond drill, which is a quicker way of

arriving at results than by sinking shafts. After finding ore in place, the

ordinary way of proceeding is to cross-cut the vein on the surface to ascertain

its width, as well as to determine the character of the rocks on either side to

see that the formation is right, and then use the diamond drill to determine

the depth and quality of the ore before deciding what is necessary to bfr

done further. A great deal of preparatory work has to be accomplished and
considerable expense incurred before it becomes a mine proper.

PKACTICAL SUGGESTIONS TO EXPLOREES.
During their travels through Ontario the Commissioners were constantly

meeting explorers who did not seem to have any idea in reference to a start-

ing point to their working, but were travelling through the region at random,

trusting to chance to make a discovery. Quite a few had spent months un-

successfully in pursuit of what they would have been able to determine in a

very short period had they the necessary knowledge to guide them.

It has therefore been deemed advisable to give a few practical hints,

gathered from the observation and experience of one who has been actively

engaged in explorations and developments in this province during the last

eighteen years, for the assistance and guidance of explorers as well as others.

In every section of the country where minerals are found, the granite

formation is the most prominent among all the rocks, running north and
south or on that strike. This granite range is the first that should be ex-

plored thoroughly, keeping near to it, and on the easterly side of the ridge.

This will be found a good starting point, as the granite is the oldest formation,

and as the course of the iron ore is in a westerly direction it follows natur-

ally that near the granite the heaviest bodies of ore are to be found. Iron

ore outcrops running north and south in the middle of any formation, and not

near the granite, as a rule will not make permanent mines. It is believed

generally that diorite, or " green rock " as the miners term it, is the matrix

of iron ore, but still if an outcrop of iron ore is found in the centre of and
surrounded by this green rock on all sides, it will not as a rule make a perma-
nent mine. The writer gives it as his firm opinion, justified by facts, that

no iron deposit surrounded on all sides by the same kind of rock will be last-

ing. Sometimes large outcrops on the surface have been found in these occur-

rences, but in every instance on practical working both by the hammer and
drill and by diamond drill boring, such occurrences have been exhausted

at short depths. It is judged as being useless to spend money on iron ore

deposits unless they are found with the granite on one side, and then between
the granite and ore diorite or green rock occurs (the latter sometimes in con-

siderable abundance, and again not more than two or three feet thick), and
on the other side of the ore quartzite or crystalline lime rock. The reader
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will perceive that this gives a distinct formation, which experience goes to

prove assures a permanency of deposit. Another feature of a permanent
mine is that there is a distinct cleavage between the ores and the walls en- Distinct cieav-

closincr it. Where these conditions do not accompany the deposit, the ore ^=e between

1 • • 1 1 -.1 ii 1 /. , • 1- 1 1 .
^

.
walls and ore.

being encircled with the same cJass of rock is liable to be cut out at anytime,
and a find of this kind is only looked on as being fit to work while the deposit
is in sight and does not justify the purchase of machinery or erection of

works. Sometimes as much as 5,000 or 10,000 tons may be taken out of

these occurrences of ore, but there is no dependence to be placed on them as
mines for permanent work.

The dipping to the north of an iron deposit is a very important feature
in connection with its permanency. This northerly dip is caused by the thT^rrbod^f

°'

abundance of ore in the mine, and its consequent attraction in that direction

toward the North pole. In some instances large deposits of ore occur dipping
to the south near the surface, but at a further stage of development these dip
to the north, which is a sure indication of a large body of ore.

The idea which still prevails with a few that iron mines are to be dis-

covered by chance in any kind of rock has long ago been exploded, and with An exploded

mining experts it has become a settled question that no permanent mines are
to be discovered except in formations with the conditions above stated.

"We may add that a large part of the best mines now being worked in the
Marquette district have been found at great depths. These discoveries were
made through actual workings in a regular formation although no trace of ^'^^ deposits in

them were seen on the surface, showing that in working in a right formation distnct!^**

large bodies of ore are constantly being found,.although away from and ap-
parently thrown off from the mine proper. This is accounted for by the ore
coming in contact with an older formation of rock which does not show at

the surface. In developing the additional find we are able to meet with the
same occurrence in drifting to either the north or south, or in using the
diamond drill, which goes to prove that having once located ourselves in the
iron formation proper there is no end to the possibilities of continuing to

Hnd bodies of ore. This experience never takes place except where the iron
formation is regular on the surface as above stated.

OEES MOST IN DEMAND.
The ores most in demand are those suitable for the manufacture of

Bessemer steel. It is a necessity that ores to be used in its manufacture phosphoroca.
must be free from phosphorous, as a small percentage of this destroys its

value, the presence of one five-thousandth of its weight in phosphorous ren-
dering the steel brittle. Ores for this purpose are rated more with reference
to the percentage of phosphorous they contain than for their richness in iron.

The presence of titanium is very prejudicial to the quality of the ore, this

substance eating out the sides of the blast furnaces, and consequently fur-
'^'**°^'^™

nacemen will not use ores largely containing this material as they will

destroy the walls of the furnace and entail a very heavy expense in repairing
it, besides being very injurious to the iron produced. An excess of sulphur and ui h

'

is also a defect, and ores containing over a certain limited quantity of this iron ores,

material are practically outside the market. An analytical chemist will

have to be consulted to determine these matters, as it is a question of chem-
istry which few explorers have any knowledge of.

The Huronian formation covers a large broken area between the western
outlet of French river on lake Huron and the head of lake Superior. It is The Huronian

more recent than the Laurentian, which it more or less overlies. It consists
^°'™*""^°-

of green and grayish slate rocks mixed up with masses of greenstone, and
abounds in numerous trap dykes. It contains many quartz veins bearing
valuable minerals, besides large deposits of iron ore of first class quality.
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H. NOTES ON CHARCOAL AND CHARCOAL IRON.

BY JOSEPH BAWDEN, BARBISTER-AT-LAW, KINGSTON.

The writer of a paper in Iron on the properties and occurrence of iron

ores says: "Canada is pre-eminently rich in iron ores, but the greater

number of the deposits are undeveloped, owing to want of energy, of accessible

fuel, difficulties of transit, etc. In fact throughout the whole of the country

mining may be said to be in its infancy, and little attention has been paid to

the developement of the vast mineral wealth that the country possesses."

Again :
" Canada is pre-eminently rich in red hematite, but comparatively

little attention has been hitherto paid to the developement of the iron ore

wealth of this vast extent of country. Many of the Canadian iron ore mines

are stock-formed, a fact which may partly account for the want of enterprise

shown by the inhabitants." *

So far the great journal of the British iron industry, and whether it is

due to stock companies or want of energy the fact is not less surprising that

in the year ending 30th June, 1887, the United States imported from England
72,546 tons of iron ore and only 18,430 tons from Canada. Our neighbor's

total import of iron ore in the same period was 1,141,774 tons, of which
it will be seen our share was little more than one and one-half per cent.

The output of the United States iron mines during the year 1887 was
estimated at 11,300,000 tons.

Canada's imports.
Canada imported from the United States in 1887 over $100,000 worth

of agricultural implements. American car wheels were imported to the value

of $7,759, or to the weight of 3,004 cwt. The number of American locomo-

tives imported was thirteen, of the value of $72,804, or on an average of

$5,004 each. American hardware was imported to the value of over $720,000,

Canada's iron more than half of which was builders' hardware. A great many American
and coal imports locks found Sale north of the lakes—$69,845 worth. Iron in slabs, blooms, etc.,

•States in 1887. was imported to the extent of 11,227 cwt. Machines and machinery were
taken to the value of nearly $1,500,000. Nails and spikes of American pro-

duction were also imported in large quantity—wrought, 193,801 lb., including

railroad spikes: cut, 154,911 lb. Over 10,000 tons of pig iron were also

imported. During the same year Canada also imported from the United
States cutlery to the value of about $50,000 ; tiles and rasps, $35,912 ; saws, >

$55,395 ; axes, $7,556 ; all other mechanics' tools, $194,018 ; and many score

of other iron and steel products. Of steel rails 82,980 cwt. were imported.

Of American coal, 949,499 tons of anthracite and 1,077,678 tons of bitumi-

nous were imported, besides 31,162 tons of coal dust and 13,518 tons of coke.

Canada also imported from the United States under special exemption from
duty for the construction of the Esquimault and Nanaimo railroad the

following :
" Bolts and nuts, 19,070 lb. ; fish plates, 77,804 lb. ; spikes 44,000

lb. ; steel rails, 1,334,000 lb." *

PRODUCTION IN THE UNITED STATES.
The quantity of pig iron made in the United States in 1887 was

7,187,206 tons of 2,000 lb. According to fuel used this production was
classified into anthracite pig 2,338,389 tons, charcoal 578,182 tons and
bituminous 4,270,635 tons. Our conterminous neighbors make the larger

part of the charcoal pig production, viz : Maine (charcoal pig only) 4,397
tons; New York, 26,491; Ohio, 18,544; Michigan, 213,543; Wisconsin,

47,523 tons. Of the total pig iron the product known as Bessemer pig stands

for 3,202,153 tons. The total production of Bessemer steel in the same period

was 3,288,357 tons—an increase of 30 per cent, over the previous year.

The production of open hearth steel was 360,717 tons—an increase of 47 per

United States
production of

iron and steel.

* Iron, vol. XXXI, pp. 73 and 339. t Iron, Nov. 16, 1888.
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cent, over 1886. Of crucible steel there was produced 84,421 tons. The
returns for the first half of 1888 show production less than the corresponding

half of 1887 as follows : Anthracite pig, 992,461 tons, being a decrease for

the half year of 144,482 tons, with 23 furnaces out of blast between 1st

January and 1st July, 1888. The charcoal pig production was 278,238 tons,

being an increase of 15,190 tons over the previous corresponding half-year;

and of bituminous pig 2,111,804 tons, being an increase for the same period of

161,465 tons. Of 587 furnaces, 297 are out of blast. Much of the larger

part of the pig iron classed as anthracite pig is made with a mixture of

anthracite coal and coke. The quantity of iron made with anthracite alone

is steadily growing smaller. In the first half of 1888 it amounted to only

107,802 tons. The proportion of Bessemer pig shows a decrease of 152,200

tons, attended with a falling ofi" in the production of Bessemer steel ingots

and rails from the corresponding half-year of 1887 to the extent of 257,284

tons. Iron Age, the excellent journal of the American iron trade, gives the

following estimate of the number of men employed in iron and steel produc-

tion in 1887 :

Hands.

Furnaces and rolling mills 193,000

Iron ore mining 50,600

Anthracite coal mining 10,000

Bituminous coal mining 10,000

Coking coal , 3,.500

Mining coal for coke. . . 20,000

Quarrying limestone 2,000

Making charcoal 1,000

Total 290,100

This does not include the men employed in transportation, or in such manu-
factures as wire mills, pipe woiks, foundries, boiler shops, bridge and steel production,

structural iron shops. The phenomenal growth of the manufacturing power
of the United States in steel production is shown by the fact that in 1867,

the first year of their production in America, the quantity of Bessemer steel

rails made was 2,550 tons. The first Siemens gas furnace was erected in the

same year.

The enormous production of the United States in 1887 was notably

insufficient for the requirements, for in addition she imported from Great pnited states
^ ' ^ imports from

Britain as lOllOWS : Great Britain.

Tons

Pig iron 403,559

Bars, angles, etc 4,273

Railway workings 182,270

Hoo^DS, sheets, etc 32,471

Tin plates 268,364

Cast and wrought manufactures 2,925

Old iron 172,927

Steel unwrought , 215,656

1,282,445=1,436,339 tons of 2,000 lb.
*

Britain's production.
Great Britain's production in 1887 was 8,334,957 tons of 2,000 lb. ; of

Bessemer steel ingots, 2,312,123 tons; of open hearth steel, 1,098,836 tons. Great Britain's

. .. ' r 7JJ 7 productiou of
an increase in this make of steel over the preceding year of 321,388 tons ; iron and steel.

of crucible steel, 112,000 tons, the usual yearly production of steel by this

process. Great Britain's production in the first half year of 1888 showed an
increase in the make of pig iron of 262,850 tons, an increase in production

* Throughout these notes the ton weight is reduced to the 2,000 lb. standard.
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of Bessemer steel ingots of 152,237 tons, and an increase in open hearth steel

ingots of 236,354 tons, with 223 furnaces of the latter construction employed,
47 unemployed and 30 new furnaces under construction.

THE world's PEODUCTION.
In 1855 the world's production of pig iron was estimated at 6,720,000

tons, of which Great Britain supplied one-half and the United States one-

eighth. In 1826 the output of the British pig iron furnaces was estimated
at 720,000 tons. At that time England imported yeai-ly from Russia and
Sweden 78,000 tons of iron. The operation of converting cast iron into bar
iron in the puddling furnace had not been introduced. Theretofore " the
operation had been effected by the agency of wood charcoal in refineries

analogous to those still (1866) made use of in France. But when, that kind
of fuel began to be scarce it came to be mixed with coke in various pro|)or-

tions. The bar iron thus produced was usually hard and required much time
to convert, so that an establishment which could produce 20 tons of bar iron

in a week was deemed considerable. . . Till 1740 the smelting of iron ores in

England was executed entirely with wood charcoal." In 1788," 53 blast

furnaces fired with coke were in activity, which furnished 54,640 tons of iron

in a year." The quantity of cast iron produced in the same year by means of

charcoal was 14,670 tons. "In 1796 the wood charcoal process was almost
entirely given up." *

Sweden's iron trade.
Sweden continues to export bar iron and even pig iron to Great Britain,

Sweden's export notwithstanding the enormous expansion of the iron industry of the latter.

iron!"
*'"^^^'' Britain received in 1887 four-fifths of the whole Swedish pig iron export, to

the amount of 44,300 tons, and nearly one-half of the bar iron export, the

amount being 104,057 tons. The total Swedish export for the year was, of

pig iron, 55,188 tons, of bar iron, 219,756 tons. The export of iron ore rose

in the same year from 21,601 tons to 46,776 tons. " The increase in the latter

article is very encouraging," says the report, " as the export of iron ore had
of late years, in consequence of the competition of Spanish ores, sunk to a

mere minimum. This year the exports will be much larger owing to the

working of the Gellivara iron deposits. Prices have varied from 3s. 6d. to

7s. 6d. (stg.) per ton (2,240 lb.)" The average yearly output of the mines

The ronand for five years, to 1886 inclusive, was 972,000 tons, employing 6,332 hands,
steel industrj'. Qf ^hom 625 were women and children. There were 164 furnaces in blast in

1886, which produced 484,000 tons of pig; 217 bar iron works, with 638
hearths, returning 259,000 tons. The make of bar iron is yearly diminishing,

which, says the report, " indicates that eflforts of development are directed

towards the finished goods industries." There were also 33 steel works in

which were made 59,000 tons of Bessemer steel, 24,360 tons of Siemens-

Martin steel and 1,940 tons of other kinds of steel. In the manufacture of

finished iron and steel goods there were made 14,560 tons of plates, 11,200

tons of nails, 6,720 tons of tools and implements, including agricultural, and
12,300 tons of sundry articles. New licenses were issued for the working of

new iron deposits to the number of 103, for the working of old deposits

re-worked to the number of 209, and 38 mines ceased to be worked. " An
association formed last year called the Swedish Export association, of which
the crown prince of Sweden is the president, is already doing much good,

several new markets for Swedish manufactured iron and steel goods having

been opened outside Europe, and this year the government has granted a sum
of £1,000 towards the expenses of sending a qualified agent on a year's journey

to the east and to Australia."

The relation of the Swedish iron trade to the old fashioned crucible steel

manufacture ot Sheffield is very distinctly stated by Mr. Henry Seebohm, in

*Ure's Dictionary of Arts, 1866.
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«k paper read in 1884 before the Iron and Steel Institute of Great Britain :

—

**' The accumulated experience of a century," he says, " has convinced the

manufacturers of crucible cast steel that the finest qualities can only be

made from bar steel which has been converted from iron made from Danne-
mora ore. This iron is expensive ; its average cost for the last forty years

has been at least £25 (stg.) a ton; the process of converting it into steel is Crucible cast

slow and costly, the process of melting in small crucibles is extravagant, both i^nnemora
in labor and fuel, and subsequently the best qualities of crucible cast steel "°^-

can only be sold at a high price. So-called best crucible cast steel is sold at

low prices by unscrupulous manufacturers and bought by credulous consumers,

but though it is quite possiVjle for high priced steel to be bad it is absolutely

impossible that low priced steel can be good. The finest quantity of steel can-

not be made of cheap material or by a cheap process. Every year the attempt
is made, and every year it signally fails. No one ever made a better try than High priced and

Sir Henry Bessemer, but his failure was as complete as that of his predeces-

sors. He attempted to produce an article at £Q a ton to compete with one
at <£60 a ton, and failed absolutely. It is true that his steel was a success,

perhaps the most brilliant success of the century. I am not quite sure that

he himself believes in his failure. In his lecture before the Cutlers' company
of London in 1880 he chafi'ed the steel manufacturers of Shefiield on their

antiquated attachment to the rule of thumb, and twitted them with the asser-

tion that the high price of crucible cast steel arose from a combination of

trade interest on their part and of prejudice on the part of their customers.

Sir Henry Bessemer may have half-ruined the wrought iron trade and revo-

lutionised the pig iron trade, but the crucible cast steel trade holds its own in

spite of his great discoveries. When railways were first introduced and
waggons and coaches to a large extent driven ofi" the road, many people

thought that the price of horses would permanently fall, but exactly the

contrary took place. Similar fears were entertained that the demand for

crucible cast steel would seriously decline when Bessemer and Siemens steel

came into the market. This has not been the case. The commoner qualities

of crucible cast steel have been to a large extent suppressed by Bessemer's and
Siemens' steel, but the enormous quantities made by the latter processes have
required for their manipulation, directly or indirectly, such a large quantity

of the better qualities of crucible cast steel that the total amount of the latter

aow produced in various parts of the world is probably double that which
was required before the birth of its rivals."

PRICES OF IKON.

Some recent quotations give the relative values in the United States mar-
kets of charcoal iron compared with that made with other fuel as follows '•

Philadelphia, Jan. 7, 1890—charcoal blooms. $5-1: to 856; run out anthracite, Quoutions of

$44 to 45 per " bloom " ton of 2,464 lb. Chicago—lake Superior charcoal anSlir^te
pig, all numbers, S23.00 to $23.50; lake Superior coke, No. 1, 819.50 to pig iron.

-820. Cincinnati—Southern coke. No. 1, 818.50 to 819.00 ; Hanging Eock
charcoal. No. 1, 821.00 to 823 ; common bar iron, 81-90 ; charcoal bar iron,

$2.90 to $3. Pittsburg, Pa.—No. 1 foundry, 819.50 to 820 ; No. 1 char-

<joal, foundry, 824 to 24.50; cold blast charcoal, 825 to 828. New York
metal prices, Oct. 3—Refined iron, round and square, 82.20 to 82.80 ; Nor-
vay rods, 84 to 85.

MAGNETIC IRON' ORES.'

The magnetite ore from which the best brands of iron in Sweden and Nor-
vay are made is similar to the magnetite of the valleys drained by the Ottawa
river and her tributary streams, and by the upper waters of the Trent and Magnetic ores of

Moira. Dr. Sterry Hunt in the Geological Survey report of 1S8G says : "The
a.Td^fntario.'''*'''

so-called primitive gneiss formation of Scandinavia has long been regai-ded

ty the Geological Survey as belonging to the Laurentian system, and is asso-
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ciated with crystalline limestones which have afforded most of the minerals
that are to be met with in the Laurentian limestones of North America, to-

gether with many additional species. Such of these minerals as are common
to the two regions offer close resemblances, not only in their characters and
associations but also in the mode of their occurence. . . . Daubree, who
in 1843 published an instructive account of his examination of the metal-

liferous deposits of Norway and Sweden, furnishes some interesting details

of the minerals associated with the beds of magnetic iron ore in the

vicinity of Arendal. The ore is here found sometimes in gneiss and at other
times in a gneissoid rock, consisting of various admixtures of pyroxene, horn-

blende, garnet, epidote and mica, the whole associated with crystalline lime-

stones. . . . At the iron mines in the island of Utoe, where the ore is

a mixture of magnetic and specular oxides occurring in beds with hornblendio
rocks passing into gneiss, or with crystalline limestone holding hornblende
and mica, granitoid veinstones like those of Arendal are met with, hold-

ing orthoclase and quartz, with tourmaline and oxide of tin, together with,

the rare minerals, petalite, spodumene and lepidolite, which occupy the cen-

tral portion of the veins. This association is the more worthy of notice as-

the only other known locality of the rare mineral petalite, (if we except the
castor of Elba) is in the crystalline limestone of Bolton, Massachussetts^
where it occurs with scapolite, hornblende, pyroxene, chrysolite, spinel, apa-

tite and sphene, the characteristic minerals of similar limestones in Canada,
New York and Scandinavia."*

Bauerman in his treatise on the metallurgy of iron, 1868, says that mag-
Occurrenceof netic ores are chiefly Confined to the older crystalline rocks of Scandinavia

ore. and North America, and appear under two principal conditions, either inter-

stratified in irregular beds or tabular masses in hornblendic and chloritic

schists and crystalline limestones, or irregular ramifying veins and masses in

dioritic or doleritic rocks. " Iron pyrites," he says, " may be either dissem-

inated in considerable quantity through the ore, which in such case it gen-

erally renders useless, or interspersed in small patches in the neighborhood of

veins of intrusive rock such as granite. Sometimes the centre of a rock may
be pure magnetite, passing at either side into copper and iron pyrites. The
texture of massive magnetite appears to vary with the containing rock ; the

" most compact having sometimes a nearly conchoidal fracture we found in

talcose schist, while the more granular and crystalline conditions prevail in

hornblendic gneiss and crystalline limestones." Prof. Dana in his Manual
of Geology says : "In Canada, at Bale St. Paul, there is a bed of titanic

iron 90 feet wide, exposed for 200 or 300 feet, occurring in syenite with

rutile or oxide of titanium. The ore does not differ from ordinary specular

iron in appearance, but the powder is not red. In Sweden and Norway the

iron ores are interstiatified in the same manner with crystalline rocks,

—

mainly gneiss, hornblende rocks, talcose and chloritic schists, argillaceous schists,

quartzite and granular limestone, with which they are more or less laminated.

At Dannemora the stratum containing iron is 600 feet in width, and it

occurs with granular limestone, talcose and chloritic schists and gneiss. At
Utoe, Sweden, red jaspery quartz bands the ore in the same way as in Michi-

gan ; the ore—the specular mixed with the magnetic—occurs in mica schist

and quartzite in an irregularly shaped mass about 120 feet in its widest

part. At Gellivara there is an iron mountain three or four miles long and
one-and-a-half wide, consisting mostly of magnetic ore, with some speculai

ore. In each of these regions the beds dip with the enclosing rock, showing
that all has had a common history."!

The magnetic ores of the primitive geological formation have peculiai

characters which impart the highest value for the manufacture of strong

* Geological Survey report, 1866, pp. 194-5. f Dana's Manual of Geology, p. 140.
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fibrous iron and edge tool steel. But these ores are not of uniform purity.

Even the famous Dannemora ore is said to have " a small trace of iron Nature of mag-

pyrites." In the Gellivara ore mountain phosphate of lime is present in the
"«''i<'°r^s-

largest one, 200 feet-bed, through about 80 feet of its thickness, the remaining
120 feet being of good quality. Iron pyrites in small quantities at least is

not uncommon in the magnetic ores of southern Sweden, especially in the
neighborhood of granite veins.*

QUALITIES OF OKES AND METALS.
According to Chenot, the inventor of a steel making process, " the

nature of the ore has much more to do with the quality of the metal (steel)

than the mode of treatment, and he compares the different steels to the wines
of ditierent localities, which owe their varied qualities far more to the nature of

the grapes than to any variations in the mode of their fermentation. The
process of cementation employed by Chenot furnishes according to his view an
exact measure of the capability of the iron to produce steel. The sponges of

the iron from Sweden and the Ural mountains, after taking up six per cent, of

carbon, yield a metal which is still malleable, while that of Elba with four per
cent, becomes brittle and approaches to cast iron in its properties. "While the
ores of Sweden and the Urals are famous for the excellent quality of their

steel, the ore of Elba is known to yield a very superior iron, but to be unfit

for the fabrication of steel. "t The American manufacturer recognises this

as fully as his British rival. In Jeans' history of the American steel trade,

describing the Pittsburg steel works, he says : "The firm make cast and German
plow steel, all kinds of the highest class edge tool steel, etc. None but the
finest grades of Swedish, Norwegian and American iron are used. The Pitts-

burg steel works are among the largest in the country, their annual product
amounting to about 6,000 tons of finished steel of all descriptions, of an ap-

proximate value of $1,500,000. The works give employment to 3.50 men,
whose pay-roll amounts to $250,000 a year." J The market quotations confirm
what has been advanced respecting the importance of selecting the best ores in
order to obtain the highest standard of production and price. The British
quotation for cast steel for edge tools was on 2nd November, 1888, £40 to High 'class steel.

£60 stg. per ton ; the American quotation of the month previous, 8^c. per lb.

At the same dates Bessemer and Siemens steels were quoted in Britain at
£6 10s. to £10 the ton; in the United States at 2|c. to 5c. per It). This
country in the fiscal year 1886-7 imported direct from Norway and Sweden
11,017 cwt. of bar iron, entered for duty at a valuation of $2.25 per
cwt., while the average value of British bar iron appears to have been
less than $1.25 per cwt. Other important results are the great uniformity
of price of the high-class article and the widening character of the demand for

it. A late Sheffield report (Iron, Nov. 23rd, 1888,) says :
" In steel castings

the industry is growing rapidly, to the detriment of the iron founders. In
all classes of machine work, whenever practicable, steel castings are being
substituted for iron. In crucible cast steel there is also a brisker tone notice-

able, home, continental and American customers buying freely, but there is

little alteration in prices, the standards of the old makers, both in price and
quality, only being varied under very exceptional circumstances."

FOUNDRY IRON FROM MAGNETIC ORES.
Not only is it the case that by proper selection of ore and careful metal-

lurgy the highest priced product in refined iron may be made from magnetic
ores, but it is also plain that any effort to make foundry iron from these ores
alone will be attended with difficulty,—very great difficulty with any other
fuel than charcoal. Touching the question proposed for discussion, " Why is

* Bauerman's Metallurgy of Iron, p. 67.

t Sterry Hunt in the Geological Survey report, 1853-6, p. 402.

+ Steel, its History, Manufacture and Uses, by J. S. Jeans, 1880.
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it difficult to make good foundry pig iron from a burden of all magnetites f
Mr. Cook, manager of the Warwick Iron company, in a recent number of

the Journal of the Charcoal Iron Workers, gives his views thus : "The difficulty

Difficulty of of producing a large percentage of foundry iron with magnetic ores was more

i^on fromT bu? marked with the small anthracite furnaces of former years than with the larger

deu of all mag- and better equipped plants of modern construction. The use of a portion of
neti es.

coke has made the management also somewhat easier, and consequently enabled

the percentage of foundi-y iron produced to be increased. Within certain

h'mits the greater the ease with which the iron of an ore parts with its oxygen

the more regularly and rapidly will the furnace perform its work of reduction

and melting, and the hotter will be the crucible with the same weight of fuel.

That the reduction of magnetic ores proceeds more slowly than brown hema-

tites or red oxides is probably due as much to their mechanical structure as to

any difference in mechanical composition. Most of the magnetic ores avail-

able in the Schuylkill and Lehigh valley districts of Pennsylvania are dense,

close, compound ores. These, even when entirely full of sulphur, are more or

less difficult to work, especially when filled into the furnace in large pieces or

masses too heavy for one man to lift into a charging barrow. The writer has

seen the dense New Jersey magnetites so filled into furnaces, and at the same

time the managers were complaining of the impossibility of making foundry

grades and the tendency of the furnace to work irregularly, or to run off on

white iron, without (to them) any apparent cause. The furnace gases experi-

ence more or less difficulty in penetrating, breaking up and deoxidising dense

ores ; they can be broken down more cheaply with hammers. Open, porous ores,

or ores containing considerable combined water, are quickly and thoroughly

permeated. In consequence, with magnetites there is a greater consumption

of heat in the lower part of the furnace, and from the presence of ore only

partially reduced there is apt to be sudden variations in the temperature of

the crucible. One of the conditions requisite to tho production of a large

proportion of the higher grades of foundry iron is almost absolute uniform-

ity of temperature of the lower parts of the furnace. . . . With mag-

netites forming the burden, the rapidity of travel of the stock in the

furnace needs to be very carefully watched, and the composition of the slag

kept as uniform as possible. Any variation in slag, or too rapid or too slow

driving,—variations that would pass unnoticed with easily reducible ores,

—

are reasonably sure to produce marked changes in the furnace running on

dense magnetites. Soft, earthy magnetic ores, on the other hand, usually

carry considerable sulphur, an element which is well known as an unrelent-

ing enemy of foundry iron. When present in the dense mass of magnetic

ores it entirely unfits them for the economical production of foundry iron.

When thoroughly washed however these form fairly good mixtures, as the

washing not only removes the sulphur but also opens the structure of the

ores, rendering them porous and easily attacked by the blast furnace gases.

Brown hematites and red oxides rarely carry sulphur to any considerable

extent, which alone is a decided advantage in their favor in competition with

mac^netic ores. . . . Low silicon in the pig iron is undesirable for foundry

grades, yet for mill iron this quality becomes desirable. . . . As a

rule the gangue of magnetic ores contains but little free quartz or sand;

the silicon is usually in combination with lime^or magnesia, and the slag to

this extent is partially made, so that the limestone flux added to the ore

charge to produce slag of certain composition combines with the gangue of

the ore more readily and at lower temperatures than when the gangue is

chiefly quartz and sand. In consequence the iron made is less liable to con-

tain reduced silica. The silicon foundry irons made from magnetic ores

give varying results in the foundry, depending on the knowledge of foremen

of the melting departments."*

* Journal of the Charcoal Iron Workers, vol. viii, pp. 21-24.
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PREPARATION OF ORES FOR THE FURNACE.
The preparation of the ore by roasting, breaking, and in some cases wash-

ing, is followed where charcoal fuel is used and the most successful results Breaking, wash-

attained. Ure (supplement to Dictionary of Arts, Manufactures and Mines, |°| ^^^^ for^he

Am. ed. 1866) says : " The modern processes of iron smelting differ materially furnace,

according as the fuel employed is charcoal or pitcoal. As an illustration of

the method adopted when the former is used, the following details of the

manufacture of the celebrated Oeregrund iron may be taken, premising that

the operations vary in a few particulars in other countries where different

kinds of ore are dealt with. The Oeregrund iron is made from the magnetic

ironstone at Dannemora in Sweden. The ore in moderately large piles, such

as it comes from the mine, is first roasted. For this purpose an oblong coffer

of masonry, 18 feet long, 15 feet wide and about 6 feet in depth, open at top

and furnished with a door, is entirely filled with logs of wood ; over this the

ore is piled to the height of from 5 to 7 feet, and is covered with a coating of

small charcoal, almost a foot and a half in thickness. Fire is then communi-
cated to the bottom of the pile by means of the door just mentioned, and in a

short time the combustion spreads through the whole mass ; the small quan-

tity of pyrites that the ore contains is decomposed by the volatilisation of the

sulphur ; the moisture is also driven off, and the ore from being very hard

and refractory becomes very easily pulverisable. In the space of 24 hours

roasting is completed, and the ore when sufficiently cool is transferred to a

stamping mill where it is pounded dry and sifted through a network of iron,

which will not let any piece larger than a hazel nut to pass. It is now ready

to be smelted." M. Gautier in his Dictionary, vol. 4, describes Jacob's pro-

cess for the washing and calcination of phosphorised ores, and says in conclu-

sion : " Such calcination and washing is advantageous, independently of its

effect in removing phosphorus, as it gets rid of much of the sulphur, and so

admits of producing a softer and grayer pig-iron. . . Roasting is always applied

to oxidise iron ores in order to obtain the highest degree of oxidation. A
simple oxidation is performed when magnetic ores are exposed to heat and air

and transferred into peroxide." Describing the American method Overman
says (p. 486) : " The operation is performed in the open air in heaps, and as

most roast ovens have been abandoned we suppose this method is preferable

to that in ovens. At the same conclusion we arrive equally as well by de-

ductions based on the nature of the mineral and the end to be accomplished.

Magnetic ore should be roasted if it is desirable to melt carburetted iron, for

this ore is too compact to admit of the absorption of carbon, and it must be

made porous in order to form gray iron. It contains also very frequently

iron pyrites, blende, galena, arseniuret, silica and other substances which
it is necessary to oxidise. When specular iron contains pyrites, which fre- charcoal and

quently happens, it must be roasted. Sparry ore is to be roasted to remove
^'JiforVoastin^

carbonic acid. If these ores are pure, that is, free from sulphurets, a strong

and rapid heat can be made ; but when they are impure a red heat with

a liberal supply of air and moisture are requisite to succeed well. . . Half
the fuel used in heaps may be saved by roasting in ovens. A ton of coal or a

cord of wood will afford heat for twenty tons of ore when roasted in large

piles or heaps. In an oven one-half, and in a well constructed oven one third

of that fuel is sufficient to accomplish the work, and if the labor is considered

equal in both places, which is in reality in favor of the oven, the advantages

of the latter are evident. Where the quality of stone coal as it respects sul-

phur is doubtful, wood ought to be used in roasting, for the affinity of iron

for sulphur is so gr^at that it will absorb any which is not oxidised. In using

the kiln for roasting it is not advisable to mix ore and coal, because if the

coal contains sulphur it will certainly adhere to the iron. . . Some ore

may be roasted in forty-eight hours, but it would be better if twice the time

were occupied for it. When good iron is to be made the ore is riddled.
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Dry fine ore will trickle through the space between the coal in the blast fur-

nace and arrive unprepared in the hearth, causing white-iron, and often

serious disturbances in the smelting operation, by producing a raw
Smelting in the slag or by accumulating in certain parts of the furnace and obstructing
Catalan forge,

^j^^ blast, thus causing scaffolding. In the Catalan forge pro-

cess, (says Prof. Huntington) the ore is crushed by the hammer and
divided by sifting into lumps and very coarse powder. In the one

part of the forge only charcoal and powder are introduced and in the

other only lumps of ore. That the ore should be in lumps at that part is a
very important point, for in this way the hut reducing gas, carbonic oxide,

generated by the action of the blast on the charcoal, is able to pass freely

through the mass of the ore, the eSect of which is that the water of hydration

and the moisture are first driven out by heat, and then the ore having

become easily permeable the carbonicoxide reduces it to metallic iron." In this

method the pi'ocesses of roasting and reduction are simultaneously carried on.

" In the American bloomary process as carried on in New Jersey and northern

New York," Dr. Egleston says, "the ore must be calcined, crushed and dressed;

all of it is therefore in a fine state of division, in grains not larger than one-

tenth of an inch in diameter. . . . The impurities contained in the ore are

mostly removed by dressing ; what remains is removed in the process by the

formation of silicate of iron With a view to making the ore friable,

it is usually calcined before crushing in kilns containing about 300 tons, which
are roasted in three to six days with a consumption of about 25 cords of wood
per kiln. Crushing and dressing often conducted in a crude, primitive fash-

ion, follow for preparing the ore previous to its reduction in the blowing

forge." The ore for use in the Siemens direct process is also reduced to the

size of pease or beans.

The magnetites of the Adirondack hills are for the most part high in silicon,

with mere traces of sulphur and phosphorus, but in some instances an objec-

tionable quantity of the latter. Roasting appears to have been followed

some years ago to aid in the disintegration of the ore rather than for its chemi-

cal results, although it would seem judicious to return to the discarded prac-

tice with the help of modern im[irovements. The introduction of well-planned

crushiiig and separating mills has no doubt led to the change. In these mills-

the ore is received from railway cars dumping on an inclined table, from

which it passes through spouts 13 by 15 inches to Blake crushing and pulver-

ising rolls. A graduating cone permits the discharge of stuff sized for passage

to the separator screens, and returns ore too large to an elevator for another

passage through the -rolls. From the screens the stuff passing over is returned

for treatment, while that going through is discharged on the washing

jigs. These are sieves placed in tanks of water, to which a set of plungers

impart the jigging motion necessary to the separation of ore from rock accord-

ing to their respective gravities. A layer of ore of the size of filberts " is de-

posited on the sieveSj which has the effect of allowing particles of the same

specific gravity as itself to pass through it and the sieve, while it keeps back

any particles of less specific gravity, which last are gradually washed over the

end from one compartment into the next lower one, the light waste from the

last compartment finally passing away." A separator of this description at

Ironville, Essex county, N. Y., driven by water power of 40 h. p. effect, is

capable of treating five tons an hour. After the descent of the ore from the

car two top-men are required at the spout and one man at the jig at the con-

clusion of the process. The daily wages are for the first $1.10 each, and for the

jigman who looks to the working of the machinery and is handy at repairs,.

$1.50. The current labor expense is therefore light, but the charge for break-

age has been a variable quantity. In 1882 the repair charges against 3,452'

tons crushed and separated were $1.83 a ton, and in 1883 for 3,381 tons, $1.23^

Mechanical
treatment of

magnetic ores

Cost of treat-

ment.
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a, ton. The manager made some improvements in the machinery in 1884,

which largely reduced expenses, the amount being only 22|- cents per ton for

3,181 tons, in 1885 at the rate of 81^ cents for 927 tons, and in 1887 at the

Tate of 17 cents for 2,174 tons. In 1886 only 183 tons were dressed, against

which the repair charges were $2.46^ a ton. The dressed ore is loaded

on cars by laborers at an expense of seven cents a ton. An immense mill,

said to be the best in the United States, is in operation at Lyon mountain.
The machinery is essentially the same as in the smaller mill at Ironville, with
the exception of the jigs, which are more elaborate in construction and better

adapted for dealing with large quantities of ore. The mill is driven with a

•daily consumption of nine tons of anthracite pea coal by a 250 h. p. engine.

There are ten laborers, engineer, two firemen and mill manager. The present

daily working is 250 tons, capable of being pushed to 500 tons. Here also

the repairs account is the principal item. But the end attained leaves noth-

ing to be desired so far as the crushing of the ore and separation from rocky
matter are concerned. The ore is delivered in the size of coarse Liverpool salt,

carrying about 5 per cent, of water and about 5 per cent, of silicic as dust.

The tailings are discharged by a flume, and the loss of ore apparent from their

•examination is insignificant. To an onlooker the cost of repairs would seem
to be in some degree preventible by more careful attention to the material in

the machinery and more cost for watchful superintendence. Electric separ- Electric separa

ation by bringing a stream of crushed ore within the " field" of rotating mag-
nets is likely to supersede the jiggers, and for titaniferous ores is certainly

preferable. It remains to be proved whether the washing process does not
aid in the removal of some pyritous matter as well as assist in its diminution
in the bloomary. Edison's magnetic separator has been tested upon the ores

belonging to Witherbees, Sherman &, Co. of Port Henry, N. Y. " The object

of the separation would be to remove the silica, which is present in so large a
quantity as to prevent the advantageous shipment of the ore to the furnaces.

The analyses show that the result is satisfactory," There are also some Cana-
dian patents for separators of this class. In fact the absolute separation of

igangue, if attainable by the electric separator, is not desirable in ore destined

for the Catalan forge, a certain amount of slag being required for the protec-

tion of the metal from excessive oxidation in the open charcoal fire. The
preference for one or the other process should rest on a careful estimate of the

merits of each, the character of the ore and its destination, whether for the

blast furnace, forge or open hearth furnace. What has been stated regarding
repairs does not apply to that part of the process where the electric separator
comes into competition with the jig. It is in the heavy raachinery that the
breaks occur. The expense of the jigs is insignificant. The cost of crushing,

separating, with interest on capital, maintenance of mill and repairs, in a good
business will not exceed 75 cents a ton.

"As characteristic of the Swedish pig-iron manufacture," says Prof. Aker-
man, " there deserves to be mentioned the strong calcining of the ores in the Economy o

Westman gas-furnace and that the calcined ores before being charged into r^ltin*^*'*

the blast furnace are crushed between rolls or Blake crushers to the size of

a walnut or under." The treatment of ore to the extent it is conducted in

the American crushing mill is therefore required in the interest of the mine
owner and in the Catalan process. To the former it affords the means of sav-

ing a large quantity of material brought to the surface, of equal cost to raise

it with the richest ore, but which from its intermixture with rock will

not pay for transpor*;ation.

" The best spent wages I ever |)aid," said an Ohio charcoal furnace master,
" was to a strong able-bodied man to break up the ores before calcining them
into pieces as big as your fist. Then I sifted braiz e through it and burned it
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well." For desulphurising fine ore there is no gas kiln in use. The kiln

must occupy an intermediate place between the Blake crusher and the
pulveriser. It is claimed for the Taylor kiln that it can desulphurise from 5
to 10 percent, of fine ore, about the quantity which will pass from the jaws
of the crusher working on a dense ore.*

Jrequirements of a roasting kiln.
" In charcoal blooms a quantity of sulphur so small as 0.035 percent, is

sufficient to produce cracks in the bar-iron rolled from them." In the blast

furnace sulphur is a source of loss from the necessity of melting a large

amount of limestone for producing a slag for its removal. In eastern

Pennsylvania the stone burden rises to 50 and 60 per cent, of the ore, while
with lake Superior ore very little troubled with sulphur there is required

Resting kilns only 15 per cent, limestone for making a basic slag. "As no steel making
for magnetic process is able to remove sulphur, steel makers are obliged to mix native red-
°^^^*

short pig with imported pig iron in the cupolas and in the open hearth fur-

naces, and to mix native red-short ores with imported ores in the blast

furnaces. . . The price of imported Cumberland pig iron for steel making with
about 0.025 sulphur is about $2 higher, and that of purest Swedish pig iron,

of about 0.015 per cent, sulphur, $7 higher than the native red-short pig at

the same works. . . . "To effect a clean roasting, reducing the sulphur
to less than one-half, there is indeed no other way than the use of gas. . . ,

The fuel for gas producing ought to be refuse, unfit for carrying into the

blast furnace."! Eefuse from wood, other than sawdust, ought to be burned
in a shaft. In Sweden an invention is successfully in operation for reducing

the moisture in gases from 50 to 2 per cent., which ought to be of value in

forest districts. The surplus gas from the furnace cannot always be counted
on. Every fit of indigestion in the blast furnace is followed by a lowering of

the heating power of the waste gases, and it is just on such an occasion that

the most completely roasted ore is required. The Swedish Westman kiln

and Dillner kiln divide with the American Taylor kiln the commendations of

Mr. Lilienberg, an authority on the subject. The last named is the least

expensive kiln, and its capacity for reducing the sulphur in the very

sulphurous magnetic ores of New Jersey has been successfully demonstrated.

Whether the like result is attainable with less sulphurous ores such as those

of eastern Ontario is not to be inferred without trial. The facility with

which any ore will part with sulphur depends upon its density, crystalline

texture and the mineral character of the pyrites. Summing up the require-

ments of a roasting kiln, they seem to be as follows: (1) The sulphur shall

be reduced by single roasting from 3 to 4 down to 0.10 per cent. (2) Fine
ore and lumps have to be roasted together as they come from the mines,

without any extra expense for separation. (3) The cost of a kiln roasting 50
tons of ore a day shall not exceed $2,000, which of course ought to stand in

some proportion to the price of the ore. (4) The cost of roasting shall not

exceed 25 cents a ton. (5) The height shall not be greater than the space

below the track in the stock-house, or about 12 feet, in order that elevators

may be avoided and hopper cars used for direct unloading. ":j: Such are the

tests to be applied in estimating the qualities of a kiln, in the opinion of Mr.

* In the Taylor kiln with its short space above and the long space below the gas inlet'

sulphur is generally reduced from 2 to 5 per cent, down to 0.25 per cent., sometimes to 0.10

per cent. The cost of erection is Sl,800 to $2,000, or about one-fourth of that of the West-
man kiln. The height for lifting the ore is about the same. The consumption of coal, which
is an important item where the waste gases from the blast furnace cannot be iised, i&

reported to me so low as 1 cwt. lump anthracite per ton of ore.—Journal of the Charcoal
Iron Workers, vol. illj p. 264.

+ N. Lilienberg, in the Charcoal Iron Workers' Journal, vol. in, pp. 261-263,

J Journal of the Charcoal Iron Workers, vol, in,, p. 265.
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Lilienberg, but it maj be remarked that the charge for roasting is too low in

view of the fact that any process for desulphurising in the furnace will cost

very much more.

PREPARATION OF FLUX.
The breaking and calcination of limestones and dolomites for use as flux in

the blast furnace has been attended with variable results, those adverse to the Treatment of

practice being probably due to the mixture of dust with the charge. The ^"^•

equal descent of ore, flux and fuel is necessary to the successful operation of

the furnace, and obviously this cannot be attained where there is much
diversity of size in the materials. The evil shows itself in the agglutina-
tian of some of the materials before reduction, followed by explosions, the
formation of "scafi'olds " and irregularity in the character of the iron. Keep-
ing in view the management of the charge so as to avoid this evil, it is apparent
that calcination or the separation of carbonic acid from limestone and the
more refractory magnesian limestone or dolomite increases their chemical
activity of combination with sulphur and phosphorous within the furnace,
and by promoting economy of fuel in their reduction admits of increasing
the proportional burden of ore. " The crystalline limestones of the Lauren-
tian series," says Logan, " are remarkable for the variety of crystalline

minerals which they contain," which renders their careful analysis before use
in the blast furnace a matter of necessity. The coarse crystalline dolomites
contain from 45 to 58 per cent, carbonate of lime, 34 to 46 percent, carbonate
of magnesia, with oxide of iron and quartz.

SUPERIOR QUALITY OF CHARCOAL IROX.
'* The best and second marks of Dannemora iron owe their superioi'ity over

other Swedish irons to greater freedom from the contamination of foreign
substances. Both these irons and the marks made from hematites are
superior to the British for steel purposes, because both are made with charcoal
only. Even Swedish blooms which have been heated and welded in our coke
fi.res and drawn into bars are found to be deteriorated thereby. . . The con-

sumption of charcoal varies with the nature of the ore, the average for the
whole country (Sweden) being from 16 to 17 cwt. (1121b.) per ton of white Charcoal and
or mottled forge pig, and about one-third more, or from 21 to 22 cwt. per coke for fur-

ton of gray metal suitable for foundry or Bessemer steel purposes. At °*^® ^^^^'

Langshytta the consumption is as low as 13| to 14 cwt., making white and
mottled iron. The poor ores of Talberg require as much as 50 or 60 cwt. per
ton ... At Greenwood furnace, near Marquette, on lake Superior, the
fuel is hardwood, principally maple charcoal, the consumption being at the
rate of 125 bushels, weighing from 16 to 201b. each, or about 26 cwt. per ton
pf pig iron. The ores are not roasted. ... At the Wyandotte iron works
near Detroit the consumption of light wood coal is 140 bushels of 14 lb. weight
each per ton."* In Greenwood's treatise on Steel and Iron, 1884, it is stated
that " the Canadian charcoal furnaces making dark gray pig iron require from
15| to 23 cwt. of charcoal per ton of iron made. It is noticeable from these
last figures that the consumption of charcoal in charcoal furnaces is much
less per ton of metal produced than is the consumption of coke in coke fur-

naces, and that a greater amount of work is thus performed by the fuel in the
latter than in the former, owing probably to the greater amount of flux and
earthy matters that have to be converted into slag in the coke furnace than
in the charcoal furnace using purer ores." While the information on which
the statement is based may be questioned, the inference is theoretically

correct. One part by weight of charcoal is to an eqaal weight of stone coal

as 75 to 60 for raising equal weights of water from 32*^ to 212'^, according to

*Bauerman on the Metallurgy of Iron, p. 205.
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Yoerman. Ure (Dictionary of Arts, Manufactures and Mines, vol. ii, 1878),

gives the following table :

Species of combustible.
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the usual yield is 50 bushels of 2,748 cubic inches per cord of first growth,

mixed hard and softwoods, and 40 to 45 bushels per cord of second growth Cost of produe-

woods. The labor cost of burning at the Chateaugaj Ore and Iron com-

pany's kilns by piece work is S1.12i cents per 100 bushels. The cost of

manufacture in north-eastern New York is varied only by transportation

charges, being generally constant at the rate of 6 to 6^ cents a bushel, made up
as follows

:

Cutting and hauling wood to kilns, per cord $1 50

Coaling and incidentals, average per cord 63

Hauling produce of one cord to forges 62

Cost of manufacturing one cord—50 bushels @ 5^ cts $2 75

Stumpage per cord 25 to 50 cts.— ^ to 1 cent per bushel.

BY-PRODDCTS OF CHARCOAL FURNACES.
The manufacture of acetate of lime as a by-product was carried on hy the

J. ik J. Rogers Iron Co., but not being a commercial success it was abandoned.
No wood alcohol was saved. The results of the operation .of the Mathieu
wood-carbonising and distilling plant at Port Leyden do not appear to have
warranted the claims of the inventor, which as stated at a meeting of the

United States Charcoal Iron Association were, that the Luther Manufactur-
ing company obtained 70 bushels of charcoal, 4^ gallons of methylic spirit

and 125 lb. acetate of lime per cord of wood ; that at Shelby, Ababaraa,

from 100 cords of pine wood were obtained 6,460 bushels of charcoal, 1,013

gallons of crude turpentine, 900 gallons of tar ; that at St. Ignace, Michigan,

18 men operated 56 one-cord retorts at an expense of 824 a day, producing

3,840 bushels charcoal, 180 gallons methylic acid worth 70 cents a gallon,

and 9,000 lb. acetate of lime worth 2^ cents a pound. The plant was esti- The Mathieu

mated to cost S366 a cord of wood, its production to be worth $6 and the and Pierce mc
in If mi r -tn t-i- i

thods ot manu'^
expenses to oe 60 cents a cord of wood. The system of Dr. Pierce is less facture.

costly than that of Mathieu. The latter requires the wood to be cut in

stove lengths and charged in a retort set in fire brick. The wood is com-
pletely carbonised in less than 24 hours. The process of Pierce makes the

kiln essentially a retort heated by a furnace on the outside. Cordwood is

charged in the usual way in a bee-hive kiln, and the vapors for distillation are

conducted in mains to an adjacent still-house. This is the system in use at

Deseronto, the success of which is in marked contrast with the failure of the

Mathieu process works at Sharbot lake. It should be borne in mind that the

multiplication of wood chemical stills ceases to be lucrative when the pro-

duction of acetates exceeds the demand. The manufacture of acetic acid has

not yet been attempted. The importation amounts to 25,000 gallons a year

of the import value of 80 cents per gallon. The production of gas from the

vapors of the charcoal kiln, condensable as well as uncondensable, for steel or

puddling furnaces will afford when these volatile products are exposed to

high temperatures

—

Carbon dioxide 18 to 25

Carbon oxide 40 to 50

Hydrogen 14 to 17

Marsh gas S to 12

defiant gas 6 to 7

A considerable portion of the gas generated in one or more kilns can be

employed in carbonising the wood in other kilns. In a well reduced kiln car-

bonisation is effected bv the burning of the wood gases instead of the wood ^^?fdg»««8 •"d

itself. Only a small amount of wood ashes is found, and that directly under
the opening through which the charge was first fired. Whenever wood
ashes are found in difl'erent parts of the kiln the collier takes them as evidence

of an unsuccessfully reduced kiln and of a corresponding waste. More con-

clusive evidence that the gases chiefiy furnish the combustible for charring

31 (M.C.)



482

•Chemical com-
position.

wood is found in the fact that if the gases are captured as they are thrown oiF

or as they issue from the kiln and condensed, less than one-half of the acetic

acid, wood alcohol and tarry compounds that the wood was capable of gene-

rating is obtained. By condensing the gases from a kiln reduced in the ordi-

nary manner and under favorable circumstances never more than one hundred
and twenty pounds of acetate of lime and one and a half gallons of wood
alcohol per cord are obtained, whereas the amount of acetate of lime per cord

should be four hundred pounds and of alcohol from three to five gallons.

The condensation of the issuing gases shows an excess of water, to be accounted

for only on the supposed combustion of large portions of gases in the kiln.

Again, there is found among the gases thrown off but little carbonic acid gas.*

The variety of analyses of gas products given and the discrepancy in the state-

ments of condensable products are due no doubt to the variable character of

the wood experimented upon and to the rate of driving the kiln, that is, the

degree of temperature at which the products are withdrawn. The products of

wood carbonised at temperatures between 150*^ and 1,100'' Cent, are :

At
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The absorbent property of charcoal is due to catalysis, that is, it is of the

same character as the absorbent power of spongy platinum. At a white heat

it deoxidises potassia,soda and phosphoric acid, setting free in vapor potassium,

sodium and phosphorus. At a full red heat it converts most of the sulphates

and sulphides and decomposes water. The ash consists of carbonate of potash,

silica, carbonate of lime, ferrous oxide and a small fraction of phosphorus,

comparing with anthracite and coke as to this last constituent as follows :

per cent.

Phosphorus in charcoal Oil

" in anthracite 018

Connellsville coke 029

In a table of analysis of Pennsylvania cokes, the phosphorus varies from a

trace to .2438 per cent.

2. Its calorific and chemical activity. Charcoal fuel is more oxidised

and the ore more deoxidised in the presence of charcoal at the top of the fur-

nace than is the case with coke or any other fuel, and this is due to the more
ready action of carbonic acid on charcoal in forming carbonic oxide than Calorific and

happens with coke. The larger amount of alkalies in charcoal also favors activity of char-

the development of cyanides, which probably contribute to the rapid reduc- coal fuel.

tion effected by charcoal relatively to the weight of fuel. Charcoal furnaces

usually make more pig for a given cubic capacity than when coke or anthra-

<;ite is employed. Thus while some Styrian charcoal furnaces have been made
to produce for every 1,000 cubic feet of capacity from 110 to 120 tons weekly

—the capacity varying from 500 to 1,200 cubic feet—and while the Swedish

and some American charcoal furnaces of 1,000 to 3,000 cubic feet capacity

produce 50 to 70 tons weekly per 1,000 feet, the large English coke blast

furnaces of 15,000 to 20,000 cubic feet and upwards usually produce only 15

to 30 tons weekly per 1,000 feet. With charcoal it does not appear that an
increased rate of driving the furnace by putting on more blast necessarily

causes an increase in the fuel consumption, the cause being the relatively

smaller loss of heat by radiation. Sir I. Lowthian Bell in a paper pre-

sented to the Iron and Steel Institute of Great Britain says : " Iron-

masters of the Vordernberg valley do not possess the means of presenting for

our inspection blast furnaces of the colossal dimensions of the modern class or

of showing our appliances for heating the blast up to 1,500" to 1,600" F.

(865° to 920° C). We shall nevertheless enjoy the opportunity of seeing iron

made with what at first sight may appear an almost incredibly small quantity

of fuel in furnaces containing only about 2,250 cubic feet and blown with air

at 392° F. (200° C). I would only remind you of the costly plant by which we
have been able in Great Britain to bring down our consumption to something
like one ton of coke per ton of metal. Furnaces of 12,000 to 40,000 cubic

feet have been erected and heaters are employed which from their construction

and size raise the temperature of blast pipes to a red heat. In Styria and
Carinthia you will find pig iron made with 12 to 15 cwt. of charcoal per ton,

notwithstanding the smallness of the plant and the comparatively moderate
temperature of the blast employed." The paper proceeds to deduce an equal

amount of work for the English coke furnaces taking into account the

refractory character of Cleveland ores, but establishes for the charcoal furnace
i\n economic value second to no other.

WOOD REFUSE UTILISED IN IRON WORKS.
In the Swedish charcoal iron and steel manufacture it is not uncommon

to find the works operated in connection with sawmills. At the Domnarfvet iron Operating iron

works the power is obtained from the river Dal Elf, where the company oper- nectTon^sith*^"

ate sawmills which use up 400,000 to 500,000 logs per year. The slabs and g*^'^'"^^'"

refuse are utilised to make a large proportion of the charcoal for the blast fur-

naces and the sawdust is used to produce gas for the regenerative furnaces.
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The immense water power is utilised by nine turbines, the duty of which
is estimated to yield only 55 per cent, of the theoretical maximum. Two
400 h. p. turbines drive the Bessemer blower engines, two 100 h. p. wheels

run the blast furnace blowing engines, one 400 h. p. is used for the heavy

plate mills, one 400 h. p, wheel is set aside for two bar and nail mills, while

three 200 h. p. wheels are used for the mills and machinery. The paper from
which this description is taken adds :

" In possession of a large supply of

ores of exceptional purity, of an unlimited waiter power, cheap fuel and good
transportation facilities, these works combine many of the most essential

elements of success." *

The Swedes have mastered the art of converting wood refuse into furnace

gas for open hearths making steel. A description of the Domnarfvet iron

Wood refuse for works, near Falun on the Bergslag railway, states that the open hearth fur-
furnace gas. nace "is charged with bar ends and Bessemer scraps which, owing to the low

temperature in the Bessemer converters, cannot be worked in them. For
this and many of the other furnaces sawdust and other refuse is used in gas

producers. These are chambers with cylindrical stacks, 7 feet diameter, 12
feet high, contracted by a conical fire box to 4 feet diameter at the bottom,

where there is an ordinary fire grate. The top is covered by a flat brick arch

perforated by a tube, forming the feeding hopper, which is closed by a mov-
able cone of the kind ordinarily used in blast furnaces. An upright pipe in

the ash pit, terminating a little below the level of the grate, serves for the-

admission of the air. The gas produced passes downward by a rectangular

channel in the brickwork of the stack to the condenser, a rectan ular iron

box about 12 feet long, '2h feet broad and about 6 feet deep, divided inter-

nally by partitions reaching nearly to the roof and floor alternately into a
series of cells through which the gas is made to travel in a zig-zag direction^

and encounters at the top of each alternate division a series of jets of water

which cool it and remove the steam and other condensable substances with

which it may be mingled and deliver it in a dried state to the main gas flue,,

whence it flows into the regenerators in the usual way."+ Plans of various-

forms of producers for using sawdust for fuel, for using short wood and using

long wood in the manufacture of gas, are given in the Journal of the United
States Charcoal Iron Workers Association. It is stated that some years ago an

attempt was made at Brock ville in this province to gasify cordwood for mix-
ture with coal gas for the illumination of the town. The quantity of

hydrogen gas generated was of course excessive, and the attempt therefore was
abandoned. Sawdust has been compressed into slabs and bricks and mixed
with tar for avoiding the risk of explosives which have attended the earlier

efforts to gasify it in retorts. The grinding of it with anthracite or other coal

waste and making the combination plastic by the addition of petroleum might
be undertaken by means of some of the many recent machines in very suc-

cessful operation in England for manufacturing briquettes of patent fuel. Or
it is suggested that it might be incorporated in a similar process with some of

the Ontario bituminous shales, whose value in the gas generator will come up
for consideration when the use of abundant supplies of gaseous fuel in iron and
steel works in the province shall be a necessity. A paper on the iron industry

of Hungary states that in Ferdinandoberg there are five gas double pU'ldling

furnaces fired with wood and three welding furnaces in Burjorkova similarly

worked, and so with the works of Kudsir, where there are two double gas

puddling furnaces and two gas welding furnaces. The timber employed as

fuel, mostly beechwood, is introduced into generators which have the form of

a pit.

* Charcoal Iron Workers Journal, vol. i, p. 13.

tib., p. 15.
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TRE VALUE OF WATER-POWEK.
A reference may not be out of place here to the influence of water-power

in promoting the manufacturing prosperity of the neighboring Union, on
the authority of Mr. J. B. Francis, president of the American Society of

Civil Engineers: "At Paterson, N.J., where the Society for Establishing

Useful Manufactures was formed in 1791, the Passaic river when at a

minimum furnishes 1,100 h. p. The water-power of Lowell, Mass., was
begun to be improved in 1822. The Merrimac river here furnishes 10,000 Water-power aa

h.p. At Cohops, N.Y., the Mohawk could supply 14,000 h.p., but only a manufacturing

part of the power is available owing to the way the works are arranged. At P'^^spenty.

M:inchester, N.H., the Merrimac furnishes 10,000 h.p. At Lawrence, Mass.,

the minimum power is 10,000 h.p.; at Holyoke, Mass,, 17,000 h.p.; at

Lewiston, Maine, 11,000 h.p. ; at Birmingham, Conn., 1,000 h.p. ; at Passaic,

N. J., 900 h.p. ; at Turner's Falls on the Connecticut river, 10,000 h.p.

I have named the above water-powers as being developed in a systematic

manner from their inception. In the usual process of developing a large

water power a company is formed who acquire a title to the property, em-
bracing the land necessary for the site of a town to accommodate the popula-

tion which is sure to gather around an improved water-power. The dam and
canals or races are constructed, and mill sites with accompanying rights to

the use of the water are granted, usually by perpetual leases subject to annual
lates. This method of developing water-power is distinctly an American one,

and the only instance where it has been attempted abroad that I know of, is

at Bellegarde, in France." When there are a succession of falls within
twenty miles of a railway centre or other eligible site, 70 per cent, of the
eSective horse-power furnished by turbines at any fall may be thus united by
now highly improved electric apparatus for the transmission of power. The
structural and mechanical appliances which an abundant supply of water-

power enables the mechanical engineer to use in metallurgical processes, along

with an abundant supply of fuel from sawmills, indicate great advantages to

be derived from the location of iron manufactures at hydraulic sites in the

lumbering district. When along with these the forest resources are sufficient turesathy-

to insure a large supply of charcoal fuel for many years, the creation of an <^'^^'*'^ *>*^*-

industry which will be of great value to settlers affords an additional induce-

ment. But when it is considered that abundant and cheap motive power,
with reasonably cheap fuel, at some some central point in the mineral district

of eastern Ontario for example, and where railway facilities can be had,
might be expected to afiord means for the development of the following man-
ufactures of raw material, the inducement should be sufficient to promote
enterprise in this direction :

1. Iron .smelting.

2. Direct process for making blooms from ore.

3. Crushing and concentrating iron ores for local works and for exportation.
4. Manufacture of open hearth steel.

5. Roasting pyritoi.s ores and barium, and manufacture of sulphuric acid.

6. Grinding and chemical manipulation of phosphate of lime.

7. Lead smelting.

8. Manufacture of retort charcoal and distillation of chemicals from wood.
9. M mufacture of acetate of lead and other acetates.

10. Reducti jn of copper and other ores from Sudbury and the lake Superior
region.

EXPERT KNOWLEDGE A NECESSITT.
With no adequate industrial development of mineral resources beyond jiie value of ex-

labor of mining and exporting raw material, to be purchased after paying pen knowledge

tribute at two customs barriers, with the additional tribute to the foreign inciusir>-.

artisan for the manufactured product, the province will have at least this

advantage in entering upon a new career of enterprise for the development
of mineral resources, that metallurgical science has advanced more in the past
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fifteen years than in any previous period. In no department of human
activity is thorough mastery of recondite processes more necessary, and in no
other enterprise has the path of progrebs been strewn with so many failures.

As a striking illustration of the precision required in testing new discoveries,

it may suffice to point out that in 1855 the Geological Survey of Canada
drew attention to the Chenot method of making iron sponge or

spongy iron as a method of dephosphorising and desulphurising,

and thus furnishing a pure product for compression and fusion in crucibles for

the manufacture of steel. The process had the endorsement of the highest

authorities in Great Britain and on the continent, and theoretically it is un-

assailable so far as the chemistry of the process is concerned. The practical

difliculties of the process however have stood in the way of its successful appli-

cation, and while it is even now omitted from no respectable authority in the list

of metallurgical processes for the reduction of iron ore it is stated that in no

Swedish exports, instance is it in practical operation. The obvious necessity for protecting as

well as instructing the enterprise of this province by establishing a School of

Mines in which the chairs shall be given to Swedish scientists acquainted

with the mineralogy and lithology of the Laurentian foi raation, and able to

impart with authority the knowledge of metallurgical skill most suitable for

dealing with the natural conditions and for developing the natural resources

of this province, rests upon the fact of similarity of environment and the custom
of successful iron masters to employ the best men. Lord Armstrong, himself

an iron king, says : "Every iron master in the kingdom will acknowledge the

necessity of either making himself an expert in the branches of knowledge
concerned in the process of smelting, or of employing qualified specialists to

supply his own deficiencies."

I.—THE HUSGAFVEL BLAST FURNACE.

In the evidence of Mr. James Lobb reference is made to the manufacture

of Russian sheet iron from blooms of magnetic iron ore smelted in the

Husgafvel furnace. An estimate of the cost of Husgafvel furnaces of i^

tons daily capacity was placed in the hands of the Commission by Mr. Lobb,

from which it appears that a plant consisting of three furnaces, engines,

hoist, breaking machine, buildings, etc., could be erected for about $31,000,

and that a furnace alone could be erected at a cost of about $3,200. The
estimate further showed that charcoal blooms could be produced at 815 to

$16 per ton and coke blooms at $17 per ton, at prices for ore, fuel, flux,

labor, etc., in St. Petersburg or Olonetz, including a royalty for the patent.

The claim for the Husgafvel furnace is that it produces malleable iron

and steel from ore by the direct process, and for this purpose it is constructed

Double shells with double iron shells and movable hearths. A paper written by Husgafvel

hearths!^*''''^ and published in the Jern-Kontorets Annaler in 1887, reproduced in volume

.VII of the Journal of the United States Charcoal Workers' Association, gives

a lengthy account of his experiments in furnace construction and of the

results finally obtained. " It is well known," Husgafvel writes, " that

malleable iron and steel are produced chiefly from pig iron by being refined

in various ways, and to avoid indirect and costly methods has long been and

still is the desire of metallurgists in diflerent countries. Most of the methods

for producing iron directly from ores known up to the present time have

failed, so that many of them exist only on paper, and none have practically

gained well-known or important use. The failure of these methods has

wah^the direct naturally caused a strong prejudice amongst metallurgists against all direct
method. methods in general, and authorities have raised their voices against trials with

them. If on the one hand these circumstances have increased the difficulties

for inventors to have their ideas accepted or put in practice, they should on
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the other hand stimulate the inventor to test the value of each method
impartially. The above-mentioned reasons, as well as a want of sufficient

capital, caused the method herein described for the direct production of mal-

leable iron from the ores (the development of which has consumed twelve

years of work) to be unknown to the public until the present time, and even
now it is not developed to such perfection that it cannot be improved in

technical and economical respects. The results obtained from the furnace in

Finland, and recently in the iron works of Count Stroganoff at Drobiansky,

in the Ural, Russia, nevertheless show that the principles in the construction

of the furnace are correct, and that there is no doubt or uncertainty in judg-

ing of and regulating the smelting operations. The principle which lies at *

'

the bottom of the process is the so-called ' Astman ' or 'Hark' process, well-

known to and used by our ancestors, but the manner in which my process is

operated differs so much from the older ones that it may be considered as

essentially different. . . . The first improvement was in 1875, when a

movable hearth was constructed, which in the beginning was made of three-

eighths inch plate iron and the interior lined with clay, quartz and lime. In
consequence of frequent repairs to this lining the hearth was replaced with
one of cast iron without any lining. Since a continuous operation of the The movable

furnace was obtained with the movable hearths there appeared to be a possi- ^ ^*

bility of obtaining better results than before with furnaces of greater

dimensions. ... In order to make it possible to regulate the changes of

temperature which were caused by non-homogeneous materials, or by other

reasons, and at the same time to cool down the lower portion of the furnace,

it occurred to me to try hollovv furnace walls, and to allow the cold blast

before it reaches the tuyeres to pass through these hollow walls, which must
thereby be cooled down, while at the same time heating the blast. . . hoIIow furnace

The results obtained lead to the following conclusions : First, by the passage h^"^^**h^V*^
of the blast through the walls of the furnace they are kept so cool that there

is no danger of their being burned or oxidised, even if made of iron plate

without lining. Second, this method of heating the blast aSords a means of

regulating the operation of the furnace. To increase the temperature of the

blast and, when desired, to alter it, it further occurred to me to provide the
furnace with double walls of plate so arranged that the cold blast can be
admitted between them at different levels. This arrangement for the admis-
sion of the blast between the walls of the furnace also enables alterations to Regulating thr

be made in the furnace itself, and thus regulate the operation of the process. thTwaat"'^
***

In the year 188i this principle was applied, and a furnace with double walls

of soft plate iron was erected at the Wartsila iron works. . . , The
favorable results obtained with the Wartsila furnace in all respects, when
compared to those of any of the preceding furnaces, is considered to be caused
by the circulation of the blast between the walls ot the furnace in connection
with the forcing of the blast through several tuyeres into the hearth itself.

The former prevents the too early ' sintring ' of the ore and the charge from
sticking to the walls of the furnace. The iron is not oxidised when the blast

is forced into the hearth itself, which at each change of the hearth is filled

with charcoal, and the several tuyeres with which they are provided tend to

make the product more uniform. . . . Considering the process going on
in the Husgafvel furnace, it has been suggested that the chief reason of the
product being malleable iron or steel must be attributed to the fact that the
ore charges are higher per unit of charcoal than in the case of a blast furnace. How the

The ore is charged with the flux, lime or dolomite, so that the earthy matter p"roaueedin°Uie^

as well as a part of the unreduced iron may combine with it and form as Husgafvei

easily melted and quick .slag as possible. The blast is conducted through the
hollow walls of the furnace, the consequence of which is that the stack is

kept comparatively cool, and at the same time a high temperature is produced
in the hearth and lower part of the furnace. The blast is heated during its
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passage through the walls, cooling down the stack and retarding the reduction
of the ore by the charcoal, so that the reducing action is concentrated in the

lower part of the furnace, not much above the tuyeres, in consequence of

which the reduced iron has not time to take in sutiicient carbon to form pig

iron. Thus the carbonisation generally stops before a more or less hard steel

is formed, which at the tuyeres is in a more or less doughy condition and
sinks down through the thin fluid slag, beneath which it coagulates itself and
forms a bloom. In passing the tuyeres during the ' sinking ' the greater or

less part of the combined carbon is oxidised according to the direction given

to the blast in the hearth. One part of the carbon thus removed, it may be
further oxidised by the action of the blast upon the surface of the bloom.

It should here be observed that the iron in the bloom is partly compact and
partly solid, like blooms which are produced by the refining of pig iron in a

hearth, and not like iron sponge, as might be supposed. Besides, by the

inclination of the tuyeres the carbonisation of the reduced iron can be regu-

lated both by the ore charged, the quantity of air supplied and the height at

which the blast is introduced through the iron mantle which surrounds the

furnace. It is also obvious that the process can be conducted so that, instead

of wrought iron or cast steel, pig iron can be produced. The reason of this is

that in this furnace more ore can be charged on the charcoal than in a blast

furnace, and the iron is not so completely reduced ; which circumstances

compensate in many cases for the loss of iron which takes place in the con-

version of pig iron into malleable iron. ... In the Husgafvel furnace

peculiar appliances for lowering the temperature are used, and by their

means the heat is kept away from those parts of the furnace where a high

temperature is not only necessary but even detrimental ; in other wo^ds, this

superfluous heat is taken up by the blast and introduced into the hearth

where it is needed. The above-mentioned lowering of the temperature causes

no injurious effect on the proper working of the furnace, provided the inner

shell is surrounded with a bad conductor of heat. Except for the heating of

the blast, the regulating of the smelting process and the working of the

furnace, the object of the introduction of the blast between the walls of the

furnace is to cool them down so as to prevent the iron from sticking t) them
and forming a scaffold ; it also checks the reduction of the ore by solid

carbon.

"

'Jhe plant.

The gas pro-
ducer.

Points of dif-

ference from
..ather furnaces.

J.—THE HENDERSON STEEL CONVERTER.
BY E. C. GABLICK, METALLURGIST, CLEVELAND.

The Henderson experimental steel plant now running at Birmingham,
Alabama, is essentially a basic open hearth furnace and consists of a gas pro-

ducer and reducing and dephosphorising hearth lined with magnesia, brick

and lime, with a reverbatory furnace attached, acid lined for the purpose of

desiliconising pig iron high in silicon, which may also be used for melting

pig for the dephosphorising chamber.

The producer and the two hearths are placed in a direct line and the gas

and flame from the producer are taken into each respectively through a neck

and short flue, after which they pass into a heating oven containing iron

pipes and thence under tlft boiler of the engine and out through the smoke
stack. This furnace differs from the open hearth furnaces in general use, first

in the form of the gas producer and the use of a forced blast in contradistinc-

tion to a draft. The producer is round and is made with a closed bottom

without grate bars, and the blast is conducted into it near the bottom through

tuyeres placed at equal distances apart. Fuel is charged through an aper-

ture at the top, which is closed automatically by a simple mechanical contri-
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vance. The ash-pit of the fuel is fluxed with fluorspar and lime, melted anci

drawn off through a tapping hole. Secondly, the first furnace of the dephos-

phorsing hearth is lined with basic material.

On my arrival at Birmingham on the 18th of December, 1888, 1 found that

by an accident to the blowing cylinder the plant was incapacitated for use.

Repairs and the time consumed in heating the furnace to the required tem-

perature to enable me to conduct my experiment consumed ten days. On

December 28th the first heat was made with the furnace in a satisfactory con-

dition, with the following result

:

Furnace charged at 9 a.m. ; heat drawn at 1.30 p.m. ;
time required for

conversion, 4 hrs. 30 min.

Charqe : Pi<^ iron 3,225 lb. ; wrought scrap 1,140 lb. ; 80 per cent, ferro-man-

^nese 40 lb. ; fossil ore (Alabama) 80 lb. ; limestone 240 lb. and fluorspar 100 lb.

Product • Wei<:'ht of ingots 3,962 lb. and scrap 255, makmg a total of 4,-^17 lb.

Analysis : Weight of iron and scrap charged, 4,365 lb., to which add iron con-

tained in 80 lb. ore (50 per cent ) 40 lb., making a total of 4,40o lb. Deduct pro-

duct of heat 4,217 lb., and the loss is 18S lb., or about four per cent.

Tests made with the sample ingots were very satisfactory. When drawn

out in a blacksmith's forge into forms one-quarter of an inch thick the samples
^^^^^^^^^^

turned cold either with the grain or across it, without a fracture, ihe pig steel.

iron samples together with the test bars taken during the heat were forwarded

to Cleveland for analysis, with one of the ingots of steel to be rolled into plate

and other forms for a practical test. 1 regret that these have not been

received. An analysis for comparison with that of other known brands and

tests of the manufactured product mechanically would demonstrate conclu-

sively its value. It is safe to say however that the resulting product of the

experiment is an excellent quality of soft steel.

The second experiment was made with Canadian magnetic ore. Furnace geoond test,

<jharged at 3 p.m.; heat drawn at 8 p.m.; time required for conversion 5 hrs. -^^^^canadian

Qiarqe • Fw iron 3,000 lb. ; Canadian magnetic ore 500 lb. ;
red mountain

<Alabama) fossifore 50 lb. ; fluorspar 100 lb. ; and 80 per cent, of ferro-manganese

40 lb. ; a totjl of 3,690 lb.
. . i . o i -o lu

Frodurt: Weight of ingots 2,9531b. ; scrap 20o lb. ; making a total ot J.lob lb.

Analysis: Weight of pig iron charged, 8,053 lb. ; iron in Canadian ore, (60 per

cent ) 800 lb. ; Alabama iron ore (50 percent.) 25 lb., making a total weight of iron

charc'ed 3,325 lb. From this deduct the product of the heat 3,158 lb.
,
and the loss

is 167 lb.
,'

or 5 per cent. As the loss in the best open hearth practice to 6 per cent.,

it follows' that 32^ lb. of the quantity contained in the ore was reduced to steel.

Demonstration : Quantity of iron charged 3,325 lb., 6 per cent, on 3 3^5 lb. is

199.5 lb., while loss as above is 167 lb., leaving a difierence in favour of the Hen-

derson process of 32.5 lb.

An analysis of the ingots gave carbon O.lOf, phosphorus 0.316, sulphur

286, manganese 0.316. The Canadian ore contained 2.64 per cent, of sul-

phur,' which amounts to 13.20 lb., to which should be added that contained Eiimmation of

in the pig iron, say 15 lb., making an aggregate of 28.20 lb. to be eliminated. ma|netic'ore.*

During the greater part of the heat sulphurous fumes escaped in large quanti-

ties at'^tke charging doors, covering them a dirty brown color, and through

the smoke stack, changing the color of the escaping gas from white to a

brown color. Upon attempting to draw a test bar in the blacksmith's fire

it showed the characteristic feature of iron high in sulphur and cracked to

such an extent that it could not be welded up, and consequently could not be

drawn out as the test bars usually are.

To test the power of the furnace farther in the way of eliminating sul- Third experi-

. ,-. r . . J meut.
phur, the following experiment was made :

Furnace charc^ed with 1,000 lb. of ingots from former heat, 2,601 lb. pig iron,

1,000 lb. wrought'scrap, 86) lb. lime, 50 lb. fluorspar, 225 lb. 20 per cent spiegel

and 60 lb. 80 per cent, ferro-manganese. This heat was run in the usual manner

and gare a, product that stood all the usual tests, and appeared to be equal to that
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made upon the average during the ordinary run of the furnace. A test bar was
drawn out in the blacksmith's fire to a quarter of an inch in thickness by about one
and one-half inches in width and ten inches in length. It was turned over cold
and the end driven down solid without showing a crack. An analysis of the piece

gave carbon .111, silicon .041, sulphur .117, phosphorus .034 and manganese .920.

Having conducted the above experiments with so large a quantity of

-The furnace not sulphurous Ore in the furnace to a successful termination, it may be remarked
designed to work that the furnace under consideration was not designed to work raw ore, either
raw ore. „ , n -i

• • •,^^ ^ ^ • • •

tor the purpose oi reducing it to metallic iron or of eliminating impurities

from it, but was designed for and its legitimate use is for the purpose of con-

verting pig iron into steel. One of the reagents used in the process of conver-

sion is a small quantity of oxide of iron, which the patentee directs shall be as

free from sulphur and silica as possible. Obviously the purer the ore is that is

used for this purpose the better. Since making this experiment I have become
convinced that pig iron made from well roasted ore containing sulphur (such as

was employed in this experiment) when properly treated in a basic hearth lined

with basic reagents will produce steel of an excellent quality. If the iron

should contain too much sulphur, as it undoubtedly would to be successfully

used in the acid process, the result would I believe be satisfactory when the

basic method is employed.

The estimated cost of making the conversion if two ten-ton furnaces are
Cost of produc employed is $7 per ton of steel ingots. In this estimate coal is valued at $2 per

ton, ferro-raanganese at $65, magnesia at $26 and spiegel at $26.50. Other
materials and conditions must compare favorably with those prevailing where
iron is successfully manufactured in the United States.

I append herewith analyses of steel made in the United States by differ-

aiysS^of'steeis' ^^^ manufactories, and also analyses of ingots made by the Henderson Steel

and Mfg. Go. of Birmingham, Alabama.

Nashua plate
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has received patents from the government of the United States embodying

claims covering many details of the invention and processes for the manufac-

ture of refractories.

The characteristic features of the basic process for the conversion of im-

pure pig iron, scrap or other wrought iron blooms into soft steel or homogene-

ous and pure iron for commercial purposes consist in its greater capacity

for recovering impurities by means of the basic reagents employed in the treat-

ment of the iron in a basic lined furnace, and especially the reiioval of the The basic pro-

greater part of the objectionable silicon as well as the phosphorus, leaving the "^^^^^

resulting product more ductile and flexible than that made from better stock

by the acid process. The manufacturer therefore derives a great advantage

from its use by being enabled to use cheaper material in all cases to produce

a required product, and in other instances to convert iron high in phosphorus,

sulphur and other impurities into a commercial article of good quality which

cannot now be done by any other method in practical use.

K.—EARLY USE OF THE MAGNETIC SEPARATOR.
BY DB. ROBERT BELL, ONE OF THE COMMISSIONERS.

The sands along the north shore of the gulf of St. Lawrence are in many
localities largely mixed with grains of magnetic iron, forming beds called Magnetic iron

black sands, interstratifying not only the ordinary sands of the present sea ^j gj Lawrence,

beach but also those of low terraces or raised beaches above the present high

water mark. The black sands are particularly abundant about the mouth of

the Moisie river, and about the year 1871 operations were begun for separat-

ing and smelting these magnetic sands. Mr. Markland Molson of Montreal
was the leading spirit in this enterprise. The magnetic sand was concentrated a magnetic

by a separator invented by a Mr. Larue of Quebec* It consisted of a rotator separator,

bearing temporary magnets covered with cioth which carried the magnetic
particles out of the natural mixture as it was fed to the machine, and deposited

them on the opposite side of the wheel, from which they were conveyed to the

smelling furnace. This fine ore was reduced by charcoal made from whits birch,

which grows abundantly all along the valley of the Moisie, and from it an
excellent quality of malleable iron was made. This iron was admitted to be
well suited for the manufacture of the finest steel for cutlery, and Mr. Molson
endeavored to find a market for it in England, but failed to do so as the ^ gjjg quality of

consumers there were unwiling to transfer their orders from the Norwegian charcoal iron

and Swedish producers, from whom they had been so long accustomed to buy.
^'^

After a few years the enterprise was abandoned. The isolated position of

the works was another serious drawback. All materials and almost every-

thing required for the support of the colony had to be brought from a dis-

tance. The men and their families were all brought to the ground for this

service, and hence the masters became dependent upon the men, and the latter

were able to dictate the terms on which they would remain.

L.—TECHNICAL INSTRUCTION.

On the 25th of August, 1881, the government of Great Britain appointed
a Commission composed of Bernard Samuelson, M.P., F.R.S,, Prof. Henry
Enfield Roscoe, LL.D., Philip Magnus, B.A., John Slagg, M.P., Swire Smith
and William Woodall, M.P., to enquire into the instruction of the industrial

classes of certain foreign countries in technical and other subjects, and on the

*Dr. Sterry .Hunt's suggestion of a magnetic separator for the treatment of or«s was
published in 1869. See page 346.
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4tli of April, 1884, their report was presented.- The following excerpts,

bearing upon the technical education of miners and metallurgists, are taken

from the volumes of the Commissioners' report

:

NORMAL SCHOOL OF^SCIENCE AND ROYAL SCHOOL OF MINES.

The Commissioners visited the Normal School at South Kensington, and

The Normal were received by the registrar, General Martin, who accompanied them over

at'south ren"'^^
*^^ building. This school, which was reorganised in 1881, gives systematic

sington. instruction in mathematics and mechanics, physics, chemistry, biology and
botany, geology and mineralogy, agriculture, metallurgy and assaying,

elements of astronomical physics, practical geometry and mechanical and
freehand drawing. Mining is taught at the museum of practical geology in

Jerymn street, but forms part of the normal school. The normal school is

primarily intended for the training of science teachers and the instruction of

students of the industrial classes, selected by competition in the annual

examinations of the science and art department ; but other students are

admitted on payment of prescribed fees. The students may be (1) occasional

students, and (2) regular students who aie preparing for the associateship of

the school, and pass through a prescribed course extending over three to

three and a half years. The instruction for the first two years for all the

associate students is the same, and includes mechanics and mathematics,

physics, chemistry, elementary geology, astronomy, mineralogy and drawing.

The student then elects to take up one of the following divisions, to which
the remainder of his course is directed, viz., for the title of Associate of the

Normal School of Science, i, Mechanics, ii, Physics, in, Chemistry, iv,

Biology, v. Geology, or vi. Agriculture ; and for title of Associate of the Royal
School of Mines either vil, Metallurgy, or viii, Mining. There are twelve

lixniDiuonirs
exhibitions each of the value of £50 per annum tenable at this school, and
continuing during the course of time (three to three and a half years) neces-

sary for the preparation for the associateship examination. The exhibitioners

have also free admission to the lectures and laboratories. Three or four are

vacant each year, and are competed for at the May examinations of the

science and art department. Six free studentships are also similarly annually

competed ft)r. These correspond to the exhibitions, except in so far that they

Free instruction carry no money grant. Free instruction is likewise given to local exhibi-

aUuvvance.^"^''*^^ tioners, who hold scholarships of the value of £50 per annum, half of which

sum is subscribed by the locality and half by the department. There are also

royal scholarships, four of £15 for first year students and two of £25 for

second year students. About fifty science teachers or students intending to

become teachers also receive free instruction, and in addition are paid the

railway fare to London and receive a maintenance allowance of 21s. a week
Summer courses, ^^bilst under instruction. During the summer vacation short courses of

lectures, extending over three weeks, are given to science teachers, about 200

in number, who are aided by the department in the payment of the expenses

of the journey to and residence in London dur-ing the progress of the course.

Courses of popular evening lectures for workingmen are also given by the

professors. The Commissioners first visited the metallurgical laboratory
Laboratories. which had recently been fitted up in the basement of the building. The

chemical laboratories under the charge of Prof. Frankland were inspected,

and also the physical laboratory of Prof. Guthrie and the physiological labora-

tory under Prof. Huxley. Tire Commissioners had conversations with the

Methods of professors on the system of science teaching adopted in the school. Prof.

theoreticaT'^
Huxley, the dean of the school, explained the methods of practical and

instruction. theoretical instruction given under his guidance in the department of biology,

which includes an important museum and a large collection of preparations

and diagrams arranged for the special purposes of study. Pure and applied

geology under Prof. Judd forms an important feature of the science instruc-



493

tion, and the students are brought into close contact with the subject by the

microscopic preparation and examination of rock sections and other practical

geological work. Prof. Guthrie explained the way in which he had introduced

laboratory work in physics, every student having to construct certain simple

physical apparatus. Prof. Chandler Roberts stated that in his department

(that of metallurgy) there were thirty working places. Since coming to South

Kensington he had a large addition of students, and there were now forty

under instruction, and it needed much ingenuity to arrange the places for

them. In the chemical department the numbers have slightly fallen off. On
the occasion of their visit to the museum in Jermyn street the Commissioners Museum of

were received by Prof. Warington Smyth, F.R.S., and Mr. Rudler, the curator, oeoio^v and

Since the transfer of the school of mines to South Kensington in 1881 the ^-^^3
'^^''°''' °^

practical science teaching, except in the case of mining students who take

part of their instruction here, has virtually ceased. Evening science lectures

for workingmen take place during the session ; the charge for admission to

each course of lectures is sixpence. There is a good library, a small chemical

laboratory, a lecture theatre and the necessary class-rooms. The geological

collection, first known as the museum of economic geology, was transferred
'^i^-^/J^^^'l'^^'

to Jermyn street from Craig's Court in 1851. The museum was designed to museum of

illustrate mainly the geology of Great Britain and Ireland, and to show the
™*''^^'*-

applications of geological science. It contains specimens of minerals, including

the ores of the useful metals and models representing metallurgical processes.

The various arts connected with the mineral resources of the country are

illustrated by specimens showing varieties or peculiarities of manufacture.
An excellent historical collection of English pottery and porcelain has been
added, and there is a very complete series of English building stones. The
collection of models of mines, mining tools and mining machinery is very
extensive. All the varieties of safety lamps are shown. The mining record

olfice, which was formerly situated at Jermyn street, was transferred to the

home office in 1882. The offices of the Geological Survey of Great Britain

are also at the museum.*

WIGAN MINING AND MECHANICAL SCHOOL.
Alfred Hewlett, managing director of the mining and mechanical school

at Wigm, furnished the following statement to the Commissioners in 1883 : TheWigan

" 1. A mining and mechanical school is established in Wigan, and affords mecimirc^i

excellent technical education at a very small cost to each student. Wigan is school,

the centre of a large manufacturing and mining district. The school is very
accessible to that district. Mining in all its branches is taught ; mechanics,
theoretical and applied metallurgy, chemistry, steam brick-making, etc. The
classes are well attended. The instruction afforded is found most useful to

both workmen and foremen, and especially is it so to youths who aspire to

become foremen, managers or proprietors. This school has been at work over
twenty years. It is supported principally by the coal owners and iron

masters in the immediate neighborhood of Wigan. 2. In my judgment the
instruction afforded is suited to the requirements of the district. I scarcely

think it could be made more useful. The maintenance of such an institution

falls heavily upon a few persons, but I see no help for that unless the whole
expense were undertaken by the government, which I should not desire."t

Mr. Peace, secretary and solicitor to the Mining Association of Great
Britain, stated in his evidence before the Commission that the school was
established in 1858. It has given the mine owners and other employers of

labor a class of people who are specially trained scientifically for the carrying

on of the industries of the neighborhood. It is attended among others by
persons who aspire to be foremen, " knowing that the fact of passing this

* Report on Technical Instruction, Vol. i, pp. 397-9.

fib., vol. Ill, p. 654.
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examination gives them a claim for promotion at the first opportunity," and
the principal officials at nearly all the local works have been students of the

school. The instruction comprises " the -whole range of smelting, puddling,

rolling, the Bessemer process, the Siemens-Martin process, and all machinery
used in iron and steel manufacture."*

Training of

technical
directors for
industrial
establishments.

The schools
created and
maintained
as state

institutions.

A present excess
in the supply of
trained men.

Sigh qualifica-

tions of

industrial
directors and
managers in

JSurope.

The schools
for foremen.

French and
•German schools
for miners.

TECHNICAL HIGH SCHOOLS IN EUROPE.

Technical high schools now exist in nearly every continental state, and
are the recognised channel for the instruction of those who are intended to

become the technical chemists of industrial establishments. Many of the

technical chemists have however been and are being trained in the German
universities. Your Commissioners believe that the success which has attended
the foundation of extensive manufacturing establishments, engineering shops

and other works on the continent could not have been achieved to its full

extent in the face of many retarding influences had it not been for the system
of high technical instruction in these schools, for the facilities for carrying on
original scientific investigation and for the general appreciation of the value

of that instruction and of original research which is felt in those countries.

With the exception of the Ecole Centrale of Paris all these schools have been
created and are maintained almost entirely at the expense of the several

states, the fees of the students being so low as to constitute only a very

small proportion of the total income. The buildings are palatial, the labora-

tories and museums are costly and expensive and the stafi" of professors, who
are well paid according to the continental standard, is so numerous as to

admit of the utmost subdivisions of the subjects taught. In Germany, as we
have stated in a previous part of our report, the attendance at some of the

polytechnic schools has recently fallen ofi", chiefly because the supply of

technically trained persons is in excess of the present demand ; certainly not

because it is held that the training of the school can be dispensed with. The
numerous young Germans and Swiss who are glad to find employment in our
own manufactories have almost without exception been educated in one or

other of the continental polytechnic schools. Your Commissioners cannot
repeat too often that they have been impressed with the general intelligence

and technical knowledge of the masters and managers of industrial estab-

lishments on the continent. They have found that these persons as a rule

possess a sound knowledge of the sciences upon which their industry depends.

They are familiar with every new scientific discovery of importance, and
appreciate its applicability to their special industry.. They adopt not only

the inventions and improvements made in their own country, but also those

of the world at large, thanks to their knowledge of foreign languages and of the

conditions of manufacture prevalent elsewhere. The creation abroad of

technical schools for boys intending to become foremen is of much more recent

date than that of the polytechnic schools. To this statement the foundation

during the first empire of the three French Ecoles des Arts et Metiers at

Chalons, Aix and Angers is only an apparent exception, because they simply

vegetated until their reorganisation within the last twenty-five.or thirty years.

Mining schools were however established in Prussia in the last century and in

France about 1817. Among the examples of schools for foremen are those of

Winterthur in Switzerland, Chemnitz in Saxony, and Komotau in the

Austrian dominions, principally for engineers, ancf the Ecole des Mines at

St. Etienne, the latter more especially for mining and metallurgy. The
theoretical instruction in these schools is similar in character but inferior in

degree to that of the great polytechnic schools. On the other hand consider-

able attention is devoted in these schools to practical instruction in laboratories

and workshops, which is not the case in the polytechnic schools. . . . The
French and German schools for miners and the one which has been quite

' Report on Technical Instruction, vol. lii, pp. 161-66.
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recently founded in Westphalia for workers in iron and steel differ from the

preceding schools for foremen inasmuch as they are reserved for the theoretics,!

instruction of men who, having already worked practically at their trades,

have distinguished themselves by superior intelligence and good conduct.

Most of the German schools of this kind are founded or maintained by the

manufacturers, and will, we feel confident, repay the trades which have had
the foresight and public spirit to create them, by training young men to

become foremen and leading hands, willing and able to carry out with intelli-

gence the instructions of their superior officers.*

MINING SCHOOLS IN GERMANY.
In Prussia there are eleven schools for miners, containing altogether

between four and five hundred students. Several of them have a group of pre- Groups of

paratory schools in the district of which they are the centres affiliated to school's.

them. Thus the Bergschule of Bochum has ten preparatory schools, one with

about 30 students in the town itself and nine others in the neighboring towns

and pit villages with about 220 students, all of them pitmen or employed
about the pits in some capacity. The instruction in these preparatory schools

is given on the evenings of four working days, except drawing, which is preparatorj-

taught on Sunday mornings. The course occupies two years ; the subjects schools.

are the German language, arithmetic, drawing, elementary physics, and in

the last half year explanations of the rationale of mine regulations. At
these preparatory schools the miners may acquire sufficient elementary

students in

knowledge to be able to profit by the instructioa in the mining school proper, miuing schools

The regulations of nearly all the German mining schools require that the ^tuaiN e^n-

^^°

students shall have been actually employed as workmen in mines before they g^ojed as miners,

can enter the school. The Saarbriick demands the minimum in this respect,

namely, a full year's work as a pitman. The requirements are greatest at

Bochum. The rule there is that candidates must have worked four complete

years in the pit ; they must produce certificates that they are industrious and
skilful, and that their conduct is reputable. The minimum age of admission

varies in different schools from 17 to 21. There is no maximum age. In
practice the students in the schools are generally from 20 to 25 years of age.

The candidates have to satisfy the examiners that they can read fluently,

write legibly and correctly and are conversant with the four rules of arith-

metic. Some of the schools also require some elementary mathematics and
physics and more or less of drawing, the minimum being ability to make an
outline drawing of the usual mining tools. The schools are generally held

in government or municipal buildings, and the cost of instruction is defrayed

out of a general fund subscribed by the mine owners. That of the school at

Bochum is about £1,500 per annum, and of its preparatory schools about

£600.
THE BOCHUM SCHOOL.

The Bochum school has a lower and an upper division ; the former is a

half-time school, the students continuing to work in the mines half the day. instruction in

The instruction in this division occupies two years. It includes mathematics, the^upper dm-

mining, mechanics, drawing and natural science (physics and chemistry). The
upper division occupies one year and the students do not work in the mines.

It has two departments, one for mine surveying, the other for mining proper.

The subjects taught in the former are mathematics, surveying, geology, mine
accounts, mining law and the German language. Those tauglit in the latter

department are mathematics, mechanics, geology, machine drawing, surveying

and mining. It may be mentioned that in connection with the laboratory of

this school a separate building has recently been erected for carrying on
researches by a government commission on explosive gases and the condi-

tions of their presence and explosion in mines. The Bochum school was not

* Report on Technical Instruction, vol. I, pp. 508-10.
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in operation when we visited it on account of the Whitsuntide holidays, but
some notion may be formed of the scope of the instruction from that giren

in another mining school, that of Zwickau in Saxony, in which German
includes essays on mining operations ; mathematics includes quadratic equa-

tions and logarithms, geometry, proportions and elementary solid geometry ;,

physics and mechanics include the properties of liquids and gases, with

special practical applications, electricity and magnetism, and practical exer-

cises in the theory of falling bodies, the mechanical powers, etc. ; mineralogy

and chemistry include crystallography, the minerals found in the coal mea-

sures and the principal ores of the metals; mining includes faults, sinking

and boring, all branches of the working, drainage and ventilation of mines
and the preparation of minerals at bank, etc. ; and the instruction in machine
construction, drawing, etc., is of a similar practical kind. About one-fifth

of the students of the Bochum mining school ultimately rise to the position

of mining engineers or mine managers, and a few to that of managing
directors of mines.

THE EHENISCH-WESTFALISCHE HUTTENSCHULE, BOCHCM.
The necessity which was felt by the iron and steel manufacturers of

Ehineland and Westphalia that their foremen and leading hands should

possess some theoretical knowledge in addition to their practical workshop
experience, and the satisfactory results of the establishment of mining schools

in that district and elsewhere, have led to the creation at Bochum of a metal-

lurgical school on the lines of the mining school of that town. With
the exception of the mining schools this is the only continental school

having a complete course of instruction to which only workmen who
have already had regular workshop training are admitted, the candidates being

required, as in the case of the mining school, to have worked at least four

years in iron or mechanical engineering works before they are admitted.

Certificates of competence and good conduct and satisfactory pi'oof of

elementary knowledge, including drawing, are also demanded as for the

mining school. Indeed the regulations generally resemble those of that

school, with the exception that the whole time is occupied with the work of

the school, employment in the works being for the time given up. It is a

municipal school, held in buildings formerly occupied by the Real, or as it was
called, a Gewerbeschule. The government has undertaken to continue the

subvention of £700 per annum which it paid to the former school ; the

town and the manufacturers contribute the rest, the latter body undertaking
the maintenance of all or nearly all of the students. The course occupies three

half years, the first being preparatory and general, the following two special

in two divisions—one for metallurgy and the other for machine construction.

The teaching staff consists at present of a director who is a chief engineer

of iron works, together with a teacher of machine construction and drawing,
one for mathematics and mechanics, one for physics and chemistry, and an
assistant master for the German language and accounts. No class is to con-

tain more than 40 students ; should this number be exceeded parallel classes

under proper teachers will be formed. Representatives of the contributing

iron trades take part with those of the government and the town in the

management of the school. The time table is as follows :

In the preparatory class :

Drawing 6 hours weekly.
Arithmethic and mathematics 8 "

Physics 5 "

Experimental chemistry 6 "

The general principles of the metallurgy of

iron and steel 7 "

German and business accounts 4 "
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In the metallurgical division :

Drawing 6 hours.

Mathematics , 4 "

Physics 4 "

Chemistry and laboratory work 10 "

Special metallurgy of iron and steel 12 "

G erman, etc 2 "

In the division for machine construction :

Mathematics 6 hours.

Mechanics 6 "

Machine construction and drawing 18 "
Physics 4 "
German, etc 2 M

The teaching is as practical as that of the mining school. Without
•entering too much into detail we may state that in the metallurgical division Practical char-

i/ o act6r of til€

no subject connected with the construction and management of blast furnaces instruction.

and their appurtenances, with the practice of moulding and iron-founding,

the puddling, refining and finishing of iron, the production and working of

steel, the analysis of the raw materials, or the testing of the finished pro-

ducts is omitted ; and that the course for machine construction includes all

but no more than the mathematics which every mechanical engineer should
know ; and further instruction in theoretical and applied mechanics, in the
properties of the materials ordinarily used in machinery, in the construction

and necessary qualities of the elements of machines, as screws, rivets,

axles, toothed gearing, cylinders, pistons, valves, etc., and in the construction

of various complete machines, including lifting tackle of every kind, boilers,

steam engines, water and gas motors, and in the economy of the workshop.
Visits are paid to the surrounding works—36 important iron works, engine
factories and other works having been visited by the students during the
fifteen months preceding the last, which was also the first report. The age
of the students, of whom there are 56, varied on entry from 18 to 34 years.

They comprise 4 moulders, 1 puddler, 1 steel worker, 3 rollers, 1 erector, 3

smiths, 35 fitters, 3 turners, 1 boiler maker and 4 pattern makers. The cost

of instruction is 10s. per term, or £1 10s. for the entire course. The labora-

tories and libraries are fairly complete and are daily receiving accessions.

We have thought it desirable to enter into rather more particulars in regard
to this school than in reference to some others, as it is the first example of

its kind, and one the working of which should be carefully watched by our
own metallurgists and engineers.*

MINING SCHOOLS IN FEANCE.
The Ecole des Mines, or as it was called till quite lately the !6cole des

Mineurs, is located in the coal basin of the Loire. The change of name is The Ecoie de«

significant, for it indicates that the students leaving the school occupy a higher ^i"^^.

industrial rank than that which appears to have been contemplated at the
outset. The school is proud of having educated several distinguished
engineers and men of science, M. Boussingault being one of tlie latter. It

is a government school under the direction of the minister of public works,
and it furnishes in the first place the government sub-inspectors of mines,
who however do not rise to the rank of chief inspectors, and second, sub-
managers of mines and metallurgical establishments, some of these latter

ultimately becoming managers of such undertakings. The age of students
on entrance is from 16 to 25 years. Admission to the school is by competi-
tion. There is a preliminary qualifying examination in each department of j^^^-

France, and a subsequent competitive entrance examination of qualified can- stuJoutsand

didates at the school itself. The examination includes the French language,
'^"'^*^ "^^ ""'*''•

arithmetic and logarithms, algebra, including the binomial theorem and the

* Report on Technical Instruction, vol. i, pp. 115-118.

32 (m.c.)
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theory of logarithms, trigonometry, analytical, plane, solid and descriptive

geometry, physics, optics and chemistry, more especially of the metalloids and
metals, besides any other subjects which the candidate may select. It will be

evident from the subjects of examination that the school is not intended for

working miners. The instruction is gratuitous. It is given by three pro-

fessors, and covers a course of three years, the school year beginning in October

and ending in August. The first year's course comprises mathematics to dif-

ferential calculus, theoretical mechanics and kinematics, physics, chemistry,

mineralogy, geometry and surveying. The second and third years' courses

are on applied mechanics, mining, metallurgy, geology, building and machine
construction, railways, mining legislation and accounts. The number of

students varies from 80 to 90. The budget of the school is £2,000.

The schools of the lowest grade are those for overmen and deputies of

Schools for over- mines, of which there are two in France, one at Alais in the south, and one

ti'es°of"mirfes'^
quite recently established at Douai, in the northern coal basin ; and a large

number in Germany, more especially in Prussia ; the earliest of the German
schools dating back to the last century, and an interesting example being the

one established in 1793 at Steben by Alexander von Humboldt, then twenty-

four years of age and mining engineer of the Franconian principalities. It

will be convenient to include under the same head the metallurgical school

established in 1882 for foremen and leading hands of iron and steel works
and for foremen engineers at Bochum in Westphalia.

ECOLE DES MAITRES MINEURS.
The school at Douai (Ecole des Maitres Mineurs) which is a government

Instruction at institution, contains 35 pupils (20 in 1883). The instruction is gratuitous,.

MaitiesMineurs. ^^^ ^ost of each student's board is £20 per annum, and nearly all the
students are maintained by " bourses " or scholarships, of which four are

given by the town, four each by the departements du Nord and of the Pas
de Calais, and the remainder by the colliery owners of the district. All of

them are working miners, generally selected by the coal proprietors. The
instruction, which is eminently practical, alternates from three months to

three months, with work in the mines, and extends over two years. At the

time of our visit it had not been established long enough for any judgment
to be formed of its results. The budget of the school is £946, of which the

payments of the teaching staff amount to £532.*

^COLE CENTRALE DES ARTS ET MANDFACTDRES OF PARIS.

This important and well-known institution is designed to prepare

A private and students for the professions of civil and mechanical engineering, metallurgy
self-supporting- and manufacturing chemistry. It was founded in the year 1826, chiefly

through the interest of M. Dumas (whose recent death science has to

deplore) and is essentially a private and self-supporting establishment, not

receiving any grant from government, and depending entirely on the fees

of the pupils, thus standing in striking contrast to other similar institutions-

on the continent. It has however lately been attached to the ministry of

agriculture and commerce. The annual receipts amount to £20,640 and the
disbursements to about £17,836, the difference being paid over to the new
building fund. The school is at present located in an old building in the

Rue des Ooutures St. Gervais, totally inadequate to its needs, but it is

shortly to be transferred to splendid premises about to be built near the Con-

servatoire des Arts et Metiers, chiefly at the government expense, though
partly also at that of the school. There is a very strict entrance examination

and great competition for the vacant places ; of the 540 candidates who applied

in the year 1881 only 220 were admitted. None of the students are boarded

in the establishment. The regular course extends over three years and

diplomas are given to the students at the end of the course after passing a

* Report on Technical Instruction, vol. i p. 114.
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very severe examination and working out a thesis. A strict system of con-

tinuous examination and marking is carried out, the work which each ^^^^ °^ '"^

student does being entered carefully by each examiner and the results of the

whole three years' work are added up, the special grade of the diploma being

given according to the result of this system of marking. The first year's

course consists of instruction in general science, without much applied

science, and is similar to that given in the Ecole Polytechnique, whilst in the

second and third years the teaching is especially directed to applied science,

and is similar to that given in the Ecole des Mines. The latter instruction

has reference to the practical applications of each subject. The student who
fails to gain his diploma at the end of the third year may pass the examina-
tion without re-entering the school at any period within six years after leav-

ing the institution. The peculiarity of the education of this school is that

the instruction is much the same for all students, and that there is scarcely

any specialisation of the studies in accordance with the proposed career

of the student. The difference is mainly shown, as hereafter ex-

plained, in the thesis or " projet " which the student prepares during the

last year. Each of the 600 students pays £32 per year, and the governing
body of the school manages the whole of its financial and other concerns, ^udents"

^^^

There are 30 professors attached to the institution, the chiefs of departments
receiving £300 per annum, the others <£4 for each hour of lecture. In addi-

tion there are two directors of studies and 30 tutors and assistant lecturers.

The students on leaving the school and after having gone through its vei-y severe

discipline are glad to get situations of £72 to £80 per year. The director,

M. Solignac, (whose salary is £400 per annum), furnished the Commissioners
with a list of the present positions of all the pupils since the beginning of

the school. A large number of manufacturers send their sons to the Ecole
Centrale. One of the most interesting features in the system of education
in the Ecole Oentrale is the system of theses, which are written by the ^ system c.

students at the end of their third year. The courses of instruction on which
the theses are founded are divided into mechanics, metallurgy, technical

chemistry and engineering. Each student takes up one or the other of these

subjects for his thesis, as he deems tit, although the three years' course of

instruction is not confined to any of these branches but comprises the sub-

jects of all. The Commissioners inspected several of the theses of the out-

going students of former years in each of the above departments and were
much struck with the detailed character of the work, and especially with the
completeness of the drawings. The students are allowed to work at home,
but have to produce the calculations, descriptions and drawings within one
month from the time at which the subject is given out, and the whole work
is carefull}^ examined by a council of professors, the student being examined
on the details of his thesis. One of the metallurgical theses which was ex-
amined was a plan and estimate for a blast furnace plant. This included the
quantity and composition of the raw material to be treated, the chemical
composition of the charges, the explanation of the changes which take place
in the furnace, the cost per ton of the pig iron produced, the price of the
raw material being given ; then the construction of the plant, the hydraulic
lifts and blowing engines, the reservoirs, the engine houses, the hot blast re-

generating stoves, including a discussion of the amount of heat generated in
the furnace and regenerated in the Whitwell stoves.*

THE ECOLE POLYTKCHNrQljE OF PARIS.

This is a government school with military discipline, designed primarily
for the education of persons to be employed in the service of the state, and TheEcoiede*^
differing in this respect from the polytechnic schools of Germany and Switzer- ^'°**-

land. . . The Ecole des Mines, Paris, which is a branch of the Ecole Polytech-

* Report on Technical Instruction, vol. I, pp. 177-179.
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nique, admits students who are not necessarily destined for government service.

The Commissioners visited this school under the guidance of Prof. Daubrde,

the director of the institution, and Prof. Friedel, who has charge of the cele-

brated collection of minerals in this school. Two classes of students are

admitted, who may be termed respectively regular and occasional students.

Practical instruction is given in all the departments relating to mining, but

especially in metallurgical operations and chemical analysis. The labora-

tories, though not very extensive, are well arranged and well appointed.

The government students are admitted from the pol3'^technic school. External

pupils have to pass a competitive examination and the successful candidates

are trained to become directors of mines and metallurgical works. The
course of study lasts three years, the instruction is gratuitous, and the cur-

riculum is thoroughly adapted to the object in view. The instruction is of

the highest kind, and in some respects it resembles that of the Royal School

of Mines, South Kensington.*

THE POLYTECHNIC SCHOOL OF DELFT.

This school, founded in accordance with the law of 1863, was opened in

1864, at which time it contained ninety-one pupils. It replaced the former

academy, which at that date contained 259 students, many of whom were

transferred to Leyden to the school established by the government for the

study of the language, geography and ethnology of the Dutch colonies in the

East Indies. . . Special diplomas are given to engineers and architects on the

results of the annual examinations. Some few mining engineers are in receipt

of scholarships to enable them to visit German and other mines, and after

having obtained their diplomas they are appointed under government to the

various mining establishments in the Dutch Indies. . . There are about thirty

students in the department of mechanical engineering, but accommodation

has been provided for a much larger number. All the rooms seemed large

for the number of students present. There is a collection of minerals, etc.,

for the mining engineers, and a small metallurgical laboratory adjoins their

class-room. The department of civil engineering contains nearly 150 stiidents

and is the largest in the school. The state provides the means of obtaining

a year's experience of practical work. Technologists generally spend four

years from the age of 18 to 23 at this school, and have one year at practical

work before entering it.t

THE ROYAL MINING SCHOOL OF FREIBERG.

Of the numerous mining schools of Europ3 probably the Royal Saxon
" Bergakademie " of Freiberg has trained the largest number of successful

miners and metallurgists, and the title of M.E. (mining engineer) of that

school is a guarantee of excellence and serves as a recommendation of the

greatest value. The reason of this is obvious when we know that the system

of instruction carried on here is a thoroughly practical one, so that the

students are brought into actual contact with the operations on a large scale.

The object of this time-honored institution is to give a complete scientific

education both of a theoretical and practical character t© young men intended

for metallurgists or mining engineers. Admission to the school for Saxons
and Germans is made dependent on haviiig passed the Maturitats examination

of a gymnasium or first class Real-school, but foreigners are received without

examination, provided they bring certificates of competence from some recog-

nised scientific or educational institution, and this liberality on the part of

the Saxon government has been largely availed of by many distinguished

English and American metallurgists and mining engineers. Regular courses

of study are laid down, extending over four years and differing according as

* Report on Technical Inatruction, vol. i, pp. 183-5.

tib., pp. 201-4.
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the pupil desires to follow the mining or the metallurgical branch of the pro-

fession. Higher mathematics, descriptive geometry, spherical trigonometry,

physics, chemistry, mineralogy, geology and mechanical drawing form the

ground work of the studies, to which are added in the second and succeeding

years the special subjects of mining and metallurgy and all their allied

branches of science, taught by lectures, laboratory practice, by working and
fj^^'gc^*"*

**

surveying in the mines and by practical metallurgical instruction in the

smelting works of the Saxon state. The collections of mineralngical and
geological specimens are most complete, and with the libraries and museums
of mining machinery are open to all the students of the school. Many of the

professors have beenmen of European fame—Werner,Plattner,and nowRichter
and Weisbach, are names known to and honored by all students of science.

The lectures of Richter on the blow-pipe are unique, and those of Prof, obseri^tio*.

Weisbach on mineralogy are most valuable. But the most important respect

in which Freiberg excels is the practical experience which the students can

gain in the operations of smelting conducted on a ]arj,e scale in the govern-

ment smelting works (the Miildnerhiitte and that at Halsbriicke) as well as

in those of mining by visiting the neighboring mines belonging to the Saxon
government. As these mines now yield ore of only the poorest quality the

operations have to be conducted with great care, and hence offer to the student

of mining training of an exceptional character, while the number of metals

present in the ore (gold, silver, copper, lead, bismuth, arsenic and antimony)
and worked up at the smelting works afford a no less valuable one to the

student in many branches of metallurgy. The cost of living in Freiberg,

including the fees payable to the academy, need not exceed £100 per annum.
The average number of students in training for the last ten years is • Saxons
atd Germans, 64 ; foreigners, 58. Freiberg does not however afford practi-

cal instruction in iron mining or smelting ; the mining school specially

adapted for the study of the metallurgy of iron is that of Leoben in Styria,

under its veteran head, Prof, von Tunner.*

SCHNEIDER* C O.S WORKS AT LE CREUZOT.

These magnificent works have been so frequently described, and a detailed

account of them would occupy so large a space in this report, that we shall character of tk*

confine ourselves to a very brief statement of the facts bearing in the most ^^'^''kg.

direct manner on our enquiry. It is well known that these works situated

far in the interior of France, derive a large portion of their supplies of iron

ore—for the production of iron and steel of the most varied de.scription

—

from Algeria, brought through Marseilles from Savoy and other distant

places, and that a considerable part also of the fuel used has to be brought
from the coal basin of St. Etienne. This is rendered possible by extremely
low railway rates, less than three eighths of a penny per mile on iron ores, or

less than half of the average i-ates charged in the United Kingdom. Most of

the powerful tools used at Le Creuzot in the construction of marine engines,

in boring large guns and in planing armor plates, were formerly imported by
them from England, but within the last few years these tools have been sup-

plied by works in the cast of France and in the French departments now
annexed to Germany. The French engineering tools were formerly ill-

designed and badly proportioned. Now English models are followed and the

execution leaves nothing to be desired, A very small number of the heads of Training of ur*-
departments are former students of the great Pari.-iian technical schools, several «"*" fof t^e

are from the Ecoles des Arts et Metiers and many, including nearly all the founded* h* tt«*

foremen, have received no other instruction than that of the works and the ^'"*-

excellent elementary schools founded and maintained by the firm. The head
of the drawing otfice is one of these latter. The opinion of Mons. Henri
Schneider was not favorable to the very high scientific courses of the Paris

'Report on Techuical Instruction, vol. i, pp. 20G-7.
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schools, except for men of remarkable ability and of the energy and com-
mon sense necessary to acquire workshop practice at a comparatively late

period of life, and to avoid a pedantic application of abstruse theory to

practical work. His estimate of the Ecoles des Arts et Metiers, on the other

hand, was very favorable. In several cases the firm had sent promising

boys to those schools, but the workshop was held to be the true school for

foremen. In the elementary schools connected with the works and carried on
at the expense of the company great attention is given to geometrical draw-
ing, and the work of the boys was surprisingly good. The elements of

chemistry and physics are also taught. Night classes have been given up,

partly because the instruction of the elemental y day school was considered

sufficient and partly in consequence of difficulties between masters and men
during the times immediately preceding and succeeding the fall of the

empire. The dissension which existed for a few years had however subsided

to a great extent, and although the firm employ large numbers of miners near

Montceau-les-Mines, where there had lately been troubles, the Oreuzot men
had not taken any part in them.*

TECHNICAL SCHOOLS IN THE UNITED STATES.

The following extracts are made from the report made to the British

Royal Commissioners by William Mather, who at their request visited the

United States and Canada in 1883, and reported on the subject of technical

instruction :

SCHOOL OF MINES, COLUMBIA COLLEGE.

The main object of this excellent school is to train students to become
professors in colleges ; also consulting, mining and civil engineers. It is

however largely used by those who intend to pursue mechanical engineering

in practice, such as the sons of manufacturers and machine constructors, and
young men who desire to fit themselves for the leading positions in the great

industries of the country. All the appliances are admirable, whether in class-

rooms, laboratories or workshops. This school is distinguished for the emi-

nence of its professors and instructors, the liberality of its trustees and sup-

porters, the completeness of its permanent appliances and the simplicity com-
bined with elegance of its buildings. The spirit of the college is that of

cheerful and intense activity in all departments I confined my inspection

to the technical schools. The school of mines consists of a large block nf

buildings in which besides class room accommodation are the laboratories^

shops and apparatus. Its system of instruction covers mining engineering,

metallurgy, civil engineering, geology, analytical and applied chemistry and
architecture. The students are required to be 17 years old and to pass an
examination before entering the school, including, besides the ordinary studies

of the high school course in the highest grades, simple mathematics, elementary

physics and freehand drawing. The complete course extends over four years.

The mining appliances are operative, and students conduct every process

from the crushing of the ores to the assaying of the metal. The
precious ores are chiefly treated, but general raining is thoroughly

taught as a science. In civil engineering and surveying the method
of instruction is very thorough. Field work enters largely into the

occupations. Mechanical drawing is taught in all the stages up to machine
designing. Hydraulic and mechanical engineering are studied in connection

with the mining and civil engineering courses. Students in mechanical

engineering especially have facilities for practice with tools in the shops.

Boilers, steam engines, pumps and appliances for testing the strength of

materials form part of the plant of the school. Chemical laboratories for

qualitative and quantitative analysis are well equipped. . , A very important

Report on Technical Instruction, vol, i, pp. 266-7.
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element in the practical application of the sciences taught in this school lies

in the summer vacation work. The professors take out companies of students Summer vaca-

to mines, smelting wox'ks, iron works and machine shops to demonstrate their '^'°" ^^''"''^•

theoretical teaching by practice on the commercial basis. Students are

encouraged to seek actual employment in various works during vacation and
many do so. The fees for the two terms of the year are <£40. Free students
are admitted if properly qualified, and if their inability to pay is certified.

About 300 students attend the school of mines.*

CORNELL UNIVEKSITT.
The technical school embraces agriculture, mechanic arts, civil engineer-

ing, mining engineering, freehand drawing, mathematics, astronomy, instruction in

chemistry and physics. The farm of 120 acres is kept for experimental pur-
t^^niechanic

poses and illustration of the science of agriculture. The students spend three

hours on two days in each week in manual work on the farm. The mechanic
arts are taught experimentally by the aid of a brass and iron foundry, black-

smith's shop, pattern making, machine tools and hand tools. In connection
are the lecture room and the drawing room. Each student devotes two hours practice*''^

a day to actual work in the shops. Civil engineering is taught by lectures

and field work, and practice in the chemical and physical laborateries is

required of those receiving instruction in mineralogy, metallurgy, geology,

physics and constructive engineering. Within the five years' course selec-

tions may be made of special studies according to the wants of the students.
.^^'°=^°&i°s«p

Electrical engineering has been added this year with ample appliances for its

practical illustration. The mining engineering section has not yet become a

separate department, though the necessary instruction is given. It is intended
to establish a special school for this science with a small working plant. . . I

have observed preparations being made to impart instruction in science, appu^ sciences

especially in chemistry and engineering, of a character eminently practical, as a course of

Cornell is quoted as an example amongst those who are coming out of the old

methods of what is termed " intellectual culture." The applied sciences are

becoming recognised as forming as sure a basis for character and culture as

the dead languages and higher mathematics for those who have to take part
in developing and applying the resources of the country.

t

MASSACHUSETTS INSTITUTE OF TECHNOLOGY.
The object is primarily to teach in the higher branches, mining, mechani-

eal and civil engineering ; secondarily, to give instruction in the mechanic objects of the

arts to students who, coming from the ordinary public schools at 16 years institution,

old, may go through a two years' course in technical training before they
enter upon actual employment. The students for the advanced course of

civil and mechanical engineering come from the graduating classes in the
high schools of the public school system, or pass a similar examination before
entering upon the course prescribed for the students in this institute. The
qualifications required are elementary chemistry, physics and simple mathe-
matics. In other branches, the usual literary subjects of a high school ; for

the advanced course, the students have to enter for a period of four years.

The institute is handsome in style and commodious in arrangement. It

stands in the best part of the residential quarter of the city. There is a con-
siderable quantity of land on which extensions can be made. The main
building contains class rooms for lectures on the various subjects forming the
curricula of the school. A large chemical laboratory divided into depart- ciass-rooma and

ments occupies the top floor of a new building, just erected for inorganic and '*^°'^*<'"es.

organic chemistry and qualitative analysis. These laboratories are unsur-
passed in the United States for convenience and completeness of apparatus
and appliances. There is an excellent and well-appointed mining department,
in which the rough ore is brought direct from the mines and treated by the

* Vol. II, Appendix p. 21. t lb., p. 27.
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students upon scientific principles, through all the practical operations of

metallurgy to the final extraction of the pure metal. Crushing, smelting,

reducing, refining, assaying are all gone through in proper order. The
physical laboratory is a very complete department, with every variety of

apparatus, most of which however may be regarded as a museum of philo-

sophical instruments, inasmuch as the practical work is done by simple

apparatus de.^ ^^aed for the purpose by the professor and students. General

physics, optics, acoustics, applied mechanics, electricity, hydraulics, history of

the physical sciences, physical research, astronomy, etc., with the requisite

mathematical instruction, form the suV)jects of a four years' tuition. The
mechanical engineering department consists of suitable accommodation for

lectures and mechanical drawing, allied with which are the chemical labora-

tory courses and physical laboratory instruction in steam, steam engines,

dynamics, hydraulics, metallurgy and machine construction. The workshops
are built some distance away from the main block. They are new and are

fitted with appliances for machine construction, carpentry and pattern-mak-

ing ; moulding shop and cupola, tools, lathes
;
planing and shaping and drilling

machines ; forges, with all blacksmiths' tools ; fitting shops, with vises,,

benches and hand tools. The work done consists in forming objects neces-

sary for the construction of machines. No machines are made complete.

This department is very practically arranged, and is efficient for the purpose

of teaching the dexterous use of all tools for each branch of the mechanic arts.

There is a department adjoining for testing the strength of materials of all

kinds used in buildings and machine construction. The whole place is

worked by steam-boilers and engines, upon which the students practice for

instruction in economy and use of steam. The practical lessons are given for

three hours on two days in each week. These shops are used constantly both

by scientific students who are going through the whole course as well as by
the students in mechanic arts who spend only two years here. The fees are

£40 per annum. The school has £63,000 sunk in land and buildings, with-

out apparatus. There is a fund of £.30,000 from the " Grant of lands for the

formation of agricultural colleges and schools of mechanic arts " in Massa-

chusetts. One-third of the interest of this sum is devoted to the " mechanie

arts " department" of the school. This institution worthily enjoys a high

reputation in America, Its graduates enter into the scientific professions,

and the engineering, mining and manufacturing industries without difficulty

or delay. I have experienced this in the far west, among the mines, on rail-

road works, in machine shops and in the textile manufactories. Although

the course of instruction extends to the higher branches of science, the prac-

tical application of knowledge is carried through each course by numerous
experimental operations showing cause and effect. The whole spirit of the

institution appears to create a connection between its work and the larger

operations which the graduates will have to encounter in their future careers.*

SHEFFIELD SCIENTIFIC SCHOOL OP TALE COLLEGE.
This was formerly the chemical laboratory of Yale college, but owing to

A school for the the gifts of Mr. J. E. Sheffield of £100,000 and the land grant it has become

sciences"
°' *^^ ^ school for the diffusion of the sciences and for the training of young men for

such pursuits as require proficiency in mathematics, physics and natural

science. The courses of study most commonly followed are chemistry, civil

engineering, mechanical engineering, agriculture, natural history, biology

and preparatory studies for mining and metallurgy. The laboratories are

supplied with every requisite for thorough experimental illustration, but no
workshops are provided. The civil engineering course includes field work
and practice. The mechanical engineering is taught by lectures and by a

very thorough mechanical drawing course which is made to partake of the

Maintenance of

the school.

Spheres of use
fulness for the
graduates.

Courses of study.

Vol. II, Appendix p. 28.
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IS
character of the drawing department of an engineering works. It la
eminently practical. Professor Brush, the eminent principal, kindly devoted
considerable time to the object of my visit and explained minutely the methods
of instruction. The absence of manual work in this school gives a theoretical a substitute for
tone to the instruction. Provision is made however for frequent visits of the "*"""' '''*'''•

students to surrounding works. There are large collections of models a
technical hbrary, and the museum and library of Yale college are open to the
students. The noble benefactor of this school left another £100,000 on his
decease. With further additions and extensions this institution will prob-
ably be made as complete as any in America as a technological scjiool, with-
out impairing its high character as a school of pure science and oriainal
research. The tuition fee is £30 per annum. There are 207 students.*''

WORCESTER FREE SCHOOL, MASSACHUSETTS,
This technical school is especially designed and conducted to impart a

Th'.y ^iir'f^f 0/ the theory and practice of mechanical engineering. Purpose or theihere are 2o5 students. The tuition is entirely free to students of Worcet «'^^°°'-

ter county in the state of Massachusetts. The building is admirably adapted
to lis purpose. Class-rooms and works-hops are conveniently near and the P^couraeio?
whole plan of the school is compact and commodious. The course of'trainin-

''""'^'

extends over three and a half years. The students are diyided into two sec"-
tions, the ordinary undergraduate and the apprentice class. The former
passes through the theoretical and practical instruction with the obiect of
obtaining general knowledge of the science of mechanical engineering • the
latter is supposed to learn a trade and to this end devotes 39 hours o1 each
week to workshop practice. All students in the first year have to give a lar-e
proportion of their time to the shops. Later on shop practice decreases fSr
the regular undergraduates. In the shops a certain number of skilled work-men are employed and they are engaged in manufacturing machines for sale,
ihe students therefore work on actual machines in course of construction
with the intention of becoming competent mechanics while studying the
theory of the profession. This school must be a great boon to the sons of
working men who can afi^ord to support them during the training period.
Ihe boys may not become highly skilled workmen, but entering at 16 and
leaving at 19 they would go into engineering establishments as draughtsmen
or better as workmen, and obtain very rapidly all the larger practice to enable
them to become excellent foremen. No student is accepted as an apprenticewho IS not actually of mechanical tastes and ability. As giving an oppor-
tunity to the sons of the poorer classes to obtain a mechanical training, this
IS the best school I have seen in America. Dr. Fuller is the able principal
and he is enthusiastic in his work.t

WASHINGTON UNIVERSITY, ST. LOUIS.
As St. Louis has led the movement in the direction of kin.iergarten so

in connection with technical education this city has determined to prove that „an intellectual training of the mind for any career is greatly assisted by t'i^hrnrchooL
manual exercises as part of a collegiate course. One depar-tment of the
university IS devoted to manual training. The complete collegiate course of
study in the university is varied only to the extent necessary to enable those
studen s who may desire to do so to spend a few hours per week in manual
occupations. A commodious building contains carpentry, blacksmith, turn-
ing and fitting shops, well appointed with all the ordinary appliances for prac- tlTv^t"^
'^ lT^ ^,^

^o\l«^^]^d steam-engine supply the power. The opportunityS
afforded by this school for technical training is generally sought bv those who
intend to follow mechanical pursuits. The workshop practice is excellent and
IS taught by able instructors in each department. From four to six hours

* Vol. II, Appendix p. 30. f lb., p. 30.
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per week throughout the four years' course in the college are given to shop

metaUurffv
practice. Mining and metallurgy are taught by the aid of complete labora-

tories and a large collection of specimens. A graduate of the school of mines,
Columbia college, is at the head of this department. I saw some forgings

made by boys 17 years old which surprised me, and testified to the workman-
like training given in manual dexterity. The drawing classes are well con-

ducted and the physical science exercises form a special feature in the course
Course and fees, of Studies. The fees are £20 per annum. The manual training school course

taken alone is divided between the workshop and the classrooms. The stu-

dents may 'enter at 14 years old, and only require a knowledge of arithmetic,

geography, spelling and writing. The fees are £6 per term in the first year,

£8 in the second year and £10 in the third year. Each term has 20 weeks. All

the shop work is disciplinary. Special trades are not taught and no articles

are made for sale. The work appeared to be well, rapidly and accurately

executed. Dr. Woodward, the earnest and able principal of the school, has
made industrial training a special subject of investigatioa and experiment.

To him is due this excellent institution, the benefit of which has already been
felt in encouraging the starting of such schools elsewhere.*

CALIFORNIA SCHOOL OF AGRICULTURE AND MECHANIC ARTS.
This is one of the most important schools of practical science in America,

^t^d^'*""^*'*'^
°* "* ^^ attached to the university and its students enjoy the benefits of a splen-

did library of 20,000 volumes, as also of a museum with a rare collection of

specimens of minerals and natural history objects. The tuition is entirely

free for both sexes through the university course, giving ample opportuntity
for higher education to all classes in the community. The situation of the

university is beautiful, and all the surroundings are conducive to study and
refinement of character. The technical school has for its chief aim the train-

Chief aim of the ^'^S o^ ^^^gi^^^rs and miners as well as agriculturists. Hydraulic engineer-
techaieai course, ing, which forms SO large a part of mining qualifications in California, is

prominent in the curriculum of the school. The operations in mining are

illustrated by an operating plant, small but efiicient. The workshop practice

in mechanical engineering is given by the use of suitable tools. Drawing
is taught through all the elementary stages, and finally in the last year is

applied directly to original design and construction in civil, hydraulic and
mechanical engineering. The chemical laboratories for qualitative and quan-

titative work and the laboratory for metallurgy and mineralogy are well

appointed. The professors of this school are men who have acquired eminence
in America. I was particularly pleased with the views of some of these gen-

tlemen as to the importance of their instruction in its relation to the indus-

tries of California. Students are admitted at 16 years of age after passing

examination. It was pointed out to me that young men came from the mines
to study special subjects, and facilities were given to such students who could

only remain a comparatively short period. The university has an income
from the state of £20,000 a year. The value of grounds, buildings and appar-

atus is £161,000.t

INFLUENCE OF TECHNICAL INSTRUCTION.
There can be no doubt that America owes much already to the schools

Practical bene- which exist for technical education, though not actually helping the artisan

fMtruetion"''''^'
class. Many hundreds of young men have been furnished from these sources

for the superintendence of railway works, mining operations, machine shops

and the textile industries, besides chemical works, glass manufactories, build-

ing operations, agriculture, etc. 1 have met in almost all the manufactories

I have visited—from mining, iron and steel manufacturing, through all the

mechanic arts up to watchmaking and sewing-machine manufacturing

—

evidences of the influence of the technical school.

|

* Vol. II, Appendix p. 31. f lb., p. 33. X lb., p. 46.
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On the practical utility of technical instruction and the character of such

instruction many valuable suggestions will be found in the evidence of Sir o*'i«^ testi-

Lowthian Bell, Dr. 0. W. Siemens, M. W. Peace, Professor Huxley, Albert

A. Jowett, Professor J. V. Jones and Professor Josiah P. Cook in the third

volume of the British Commissioners' report.

THE MICHIGAN MINING SCHOOL.
Mr. Meriitt, one of the Commissioners, visited the Michigan mining

school at Houghton, in the upper peninsula, in August, 1888, and has made
the following report upon it

:

The school was opened on September loth, 1886. A student for admis-

sion must present evidence of having graduated at a high school or academy Entrance quali-

of good standing or he must pass an examination qualifying in arithmetic,

algebra, book-keeping, plane geometry, physics and the elements of astronomy.

Anyone may attend a separate lecture or course of lectures without examina-

tion. The whole instruction is free to residents of Michigan, the student

merely paying for material used. The object of the school as designed by object of the

the legislature of the state, which supports it, is generally understood to be

to turn out practical assayers, surveyors and draughtsmen, not to be a higher

scientific class of mining school like Columbia college, but eminently practi-

cal in the above mentioned subjects. By reference to the course of studies

it will be seen that surveying in particular appears to be very thoroughly

provided for. Instruction was at first arranged for a two years' course, but

a three years' course is now being arranged for. It was thought that by
making the school free more local men, who could not otherwise afford it,

would go in for a mining training and would be capable of assaying iron and
other ores found in the state, and which are being tested all the time at the

mines, and enable them to do the surveying and mapping required at the

mines. Previous to the establishment of the mining school a less thorough
course in the same direction was given at the state university ; this has now
been discontinued, but the mining school is classed as one of the departments elation ^ofThe^^"

of the university. The local mining men, though not all agreed as to the school,

necessity of the school, have shown practical appreciation of it in that there

are now the sons of four local mining captains at the school. The collection

and classification of a typical set of the minerals which occur in the state a collection of

and the procuring and preservation of all statistics, scientific and other in- mens!^
*''^"

formation, regarding the mineral resources of the upper peninsula, and all

important discoveries and improvements in developing the same, are made part

of the duty of this mining school, which must provide for a full report on
the same each year from one or more of the persons engaged as teachers.

The school is managed by a board of control of six persons appointed by the

governor of the state. The subjects of instruction are mathematics, draw- ^"''•it?'* o* i'^-

? . . . , . .
''

. . , . 1-1 struction.
ing, surveying, mining and mining engineering, ore dressing, physics, mechan-
ics and engineering, mechanical engineering, chemistry, assaying, metallurgy,

crystallography, mineralogy, petrography, geology and economic geology. A
clause provides that every facility possible will be given to special students P®*"*' " ®° *•

who desire to pursue some subject taught in the school, and by this provision

it is hoped to aid practical miners who have but limited time ; no arrange-

ment however has been made for any special course to practical miners or

prospectors, but they can attend any of the regular lectures they please. The Buildings and.«i ./r maintenance
state has appropriated $25,000 so far to meet running expenses of the school

for the past two years and $75,000 for a building. At present quarters are

found wherever obtainable foi lecture rooms and laboratories, such as in the

fire hall, rink, etc. The practical work, which is facilitated by proximity to Lectures and

the mines, consists of compulsory work for six weeks in mines, mills or
''"^^'^ "'^ "^otk.

smelting works and two weeks mining surveying in the mines. There are

also voluntary visits to tlie mines, mills or copper smelting works on Satur-
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days during the third year, in addition to which there are lectures on mining,

etc., with laboratory work 2 hours per week for 18 weeks, and 17 hours p( r

week for 4 weeks; on metallurgy and assaying, 3 hours per week for 4 weeks
and 18 hours per week for 18 weeks ; and field and mining geology, 5 hours
per week for 4 weeks. There are at present three profes.sors and 29 students,

including 7 special students ; but the number of professors is about to be
increased to five, and it is expected there will be 50 students in 1889. The
professor in mining and engineering, R. M. Edwards, E. M., graduate of the
Columbia school of mines, thinks that the chief advantage to a boy studying
mini))g here is that he is in a mining atmosphere and hears mining talked

on all sides, while at the Columbia mining school he only meets mining men
as a rule when on the mining trip which is part of the course. At Houghton
he considers that a boy insensibly picks up mining information all the time.

It is ali-o an advantage to be able to take the students out on Saturday to the

mines during lectures. Mr. Edwards considers that a scientific course of

trainirrg is essential as a foundation to mining and metallurgy. In a country
where there was not a great deal of developed mining he believes it would be
the better cour.se to have the mining school attached to some established

university than to attempt to start a separate school where there was some
mining being carried on, provided always that there are visits to min-

ing districts and working mines attached to the course as an essential part of

it. The mil ' schools in New York and in St. Louis are considered the

best in the United States. The former has one compulsory sojourn of six

weeks at mines during a four months vacation following the third vear, the

course being four years. The mines chosen are either the lake Superior or

the Pennsylvania coal regions. The St. Louis university compels three trips to

and sojouiiis at mining regions during the course. The cost to the student of

the Columbia school trip is from $60 to $100 as a rule. The board is gener-

ally about $8 a week at the mining centres to the students. A professor and
two or three assistants usually accompany them. Tne director of the mining
school, Mr. Wadsworth, was absent at the time of my visit, but I received

every courtesy and assistance in my application for information from the

treasurer, the secretary and Professor Edwards, and they expressed them-

selves ready and willing to give any further information by letter shoald you
desire to apply to them. In conclusion I might say that the chief difficulty

in arranging a course in a school of mines seems to lie in the fact that the

first desiie is for students thoroughly grounded in the elements of science,

which is essential, but that it is found impossible to get a supply of the

proper material, so that it becomes necessary to model all the first |)art of a

mining and metallui'gical course upon a school for scientific instruction, and
after that is given to proceed with the practical mining and metallurgical

studies. The course at the largest German and American schools of mines is

four years owing to this fact.

Albert Williams, jr., of the United States geological survey, was the

first principal of the Houghton school, and in December, 1888, that gentle-

man fcrnished the Secretary of the Commission with the following statement

respecting it

:

The Houghton school of mines was established as a strictly practical

mining school, the aim of which was to give instruction to the sons of miners

and others who wished to qualify themselves for actu&l work as surveyors^

assayers, draughtsmen and general-utility men. The work of a mining super-

intendent requires experience, and the man to fill it must work up to it ; he

cannot hope to step out of a school into the ofiioe. Three professors were
appointed when the institution opened, the first of whom had the depart-

ments of geology, mineralogy and mining engineering, the second had mathe-

matics and drawing, and the third had chemistry and assaying. A year's
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course was also provided for post-graduate study in metallurgy. Such a

course is regarded as sufficient ; the rest comes by experience and actual work.

Students are taught surveying and field geology every afternoon in f ivorable

weather, but this is only for a short season owing to the long summer vaca-

tion. About twenty students have been taking the regular course, and five

of the older ones have taken the special course of the first year. The sons of

mining captains and superintendents compose the class almost entirely.

Many of these cannot get a training at all unless it is provided for them at

this school. Besides the scientific course they get the advantage of work in

real life. Machinery can best be studied with a machine in operation. This The Amerioaa

idea generally prevails in America, and schools working on this line are now g^^"]^
mining

established at Eapid Oity in Dakota, in the heart of the Black Hills mining
country ; at Golden in Colorado, in the vicinity of the gold mines and within

range of silver and other mines ; and at Rolla in Missouri, near the lead and
zinc mines. In my opinion mining operations cannot be carried on without
the preparation afforded by these schools, as under the Am^^rican system the

mining superintendent ought to be master of all parts of the work; he ought
at least to know that the work is going on right. At Michigan many of the

students would be capable of undertaking draughting and surveying, and there

were openings for them to work during the summer vacation while I had
charge of the school ; bat assaying, especially for iron, requires a longer

course. The new building contains a pretty full apparatus. At Cornwall, in Night schoota.

England, night schools are established which are very good as far as they go,

but a man cannot do drawing after working with his hands all day. In
Michigan, in the copper artd iron mines, this kind of training is highly

prized, and the miners there are generally Cornishmen. Farther west, from
Colorado to the coast, the skilled men are generally Americans. Students .

from Freiburg who come here find that they have to learn the occupation many and

over again as the method of mining here is diSerent from that pursued in A«»e''ic*-

Germany, being in the latter country more careful of small savings. In
Germany the mines are generally government property, and the aim is to give

employment to the people rather than to mak^^ money. In America the aim
is to get the ore out of a mine as fast as possible and then begin elsewhere.

AMERICAX AND FOREIGN MINING SCHOOLS.

In his address as president of the American Institute of Mining Engi-
neers in 1886 Prof. R. H. Richards, of the M issachusetts Institute of Tech-
nology, gave a synopsis of American and foreign colleges which are either

pure mining schools or colleges which provide a cour.se of mining instruction.

From this address the following information is taken :

Colorado School of Mines has a lecturer in metallurgy. The admission
age is seventeen years. Offers two courses, mining engineering and metal- Colorado school

lurgy ; four years for each. Degree in mining E. M. ; degree in metallurgy of mines.

Fh. B. ; after two additional years of work an advanced degree of Ph. D.
Requires a vacation memoir each year, and during the term visits are made
to smelting works and to regions interesting geologically. " The one-year

course of assaying was established to supply a demand for assayers of a
better grade than ^^mmonly found in the mining camps." There is also a
one-year course in ^•lrveying, and for b:)th of these courses diplomas are
given. " About hai the students take the four years' course." The school

aims " to supply in some i.ieasure the lack of a state geological survey."
Excursions made weekly to points of geological interest. Three excursions
made annually to raining and smelting points.

Columbia College has a school of mines with seven courses, one of which
is in mining and one in metallurgy. A professor of mineralogy and metal- coiumbi* Bchool

iurgy. A professor of engineering who lectures on mining engineering. "^ mines.

A professor (adjunct) of surveying and practical mining. Has a mining
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laboratory. Has prominent summer schools in surveying (required), in

mechanical engineering (voluntary), in practical mining (required). Students^

enter at eighteen years. The course is four years with degree of E. M.
After a year's additional study, Ph. D. Mining laboratory contains sample
grinder, three-rockbieakers, rolls, jigs, three-stamp battery, amalgamated
plates, Frue vanner, ©olden Gate concentrator, Imlay vanner, amalgamating-
pan, settler, lixiviation tubs, calcining reverberatory furnace and pot furnaces.

About one hundred hours devoted to mining laboratory. Summer schools :

End of the first and three years, memoirs required. The same summer school

tor study of mechanical engineering in machine shops, voluntary. End of

the third year, summer school for systematic study of practical mining and
underground surveying for six weeks, required. End of fourth year, prac-

tical work in machine design contemplated.

Lafayette College includes the Pardee scientific department which offers

6ve courses, one of which is mining engineering. It has a professor of

mining and graphics. It gives practice in mine surveying during the term,

and is near mines and metallurgical works which the students have the oppor-

tunity of visiting. Entering age not specified. The course is four years

with the degree of E.M. Students in the junior year are required to spend
several days at the mines at mine surveying, and to write a memoir upon
observed mining operations ; and in the senior year one or more memoirs
are required on metallurgical processes as a result of investigations at the

works.

Lehigh University has a separate school of technology with four

engineering courses. One of them is mining and metallurgy. It has a pro-

fessor of mineralogy and metallurgy, and a professor of geology and mining.
Mine surveying is taught in mines during the term. Entrance age, sixteen

years. Course, five years. At the end of the fourth year the degree given
is B.S. At the end of the fifth year the degree is E.M. Opportunity for

local excursions throughout the school year. A practical 'course in mine
surveying is given for three or four days during the term, fourth year.

Massachusetts Institute of Technology is a school of technology with
nine courses. One of them is a course in mining engineering, which can be
taken with either the engineering, the geology or the metallurgy more pro-

nounced. Has a professor of mining and metallurgy, also an instructor in

mining and metallurgy and two lecturers in metallurgy. Has a prominent
mining laboratory. Has voluntary summer school. Students enter at

seventeen. The course is four years. Degree of B.S. Mining laboratory

contains sample grinder, rock-breaker, rolls, sizing sieves, separator, jigs,

convex buddle, three-stamp battery, amalgamated plates, Frue vanner, four

amalgamating-pans, settler, ball-grinder and amalgamator, four Morrell auto-

matic agate mortars, two sets lixiviating tubs, 40 gallons and 8 gallons

respectively, dynamos for depositing, lead-smelting, reverberatory water-

jacket cupola, melting-kettle, cupellation-furnace and heat-recuperative fur-

nace combined, copper refinery, calcining reverberaories for 200-pound and
for 20-pound charges respectively, pot furnaces, roasting-kiln, forge. Fifteen

weeks of eight hours each and fifteen weeks of twelve hours each devoted to

mining laboratory. Summer school : At the end of the third or fourth year

examinations of mines and works, for three weeks. Attendance voluntary.

McGill University has a separate school of applied science with four

distinct departments. One of them is mining engineering. It has a pro-

fessor of chemistry and lecturer on assaying and mining. The entrance age
is usually sixteen or seventeen years. Frequent geological excursions ar&

made. The course is four years with dcigree of B. A.Sc. Aft-r three years

more the degree of M.A.Sc, Master of Applied Science.

i
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Missouri University has a school of mines and metallurgy at Rolla,

with a professor of civil and mine engineering and graphics, also a professor Missouri school

of analytical chemistry and metallurgy. Has excursions to metallurgical ^^ inines.

works. The entering age is not specified. There are two years of prepara-
tory and three years of technical training. The degree is that of M.E.
Excursions are made during the term to mines and to iron, lead and zinc

works, and extensive field pi'actice is given in surveying.

Universty of California has five scientific colleges ; one of them is a
college of mining, with a professor of mining and metallurgy and an honorary California cov-

professor of mining. Students enter at sixteen. The course is four years '®=® °* mining.

with a degree of B.S. After three years more, at least one of which is spent
in graduate study, and at least one other in outside practice, the decree of

E.M. orE.Met. is given. Has mining and metallurgical laboratories just
erected, which are now being equipped so as to contain a complete plant for
sampling, concentrating, milling, roasting and leaching the gold and silver

ores of California. The present plant consists of ten-horsepower dynamometer,
Dodge crusher 6 by 4, Krom fine crusher, Krom steel rolls, California battery
of three stamps 500 pounds each, Sturtevant 6-inch pulveriser, Frisbee &
Lucop li!-inch mill, set of shaking screens, Krom air-jig, set of Spitzkasten
and Spitzlutten, Frue vanner arranged with side and end shake, amalgamatin»-
pans, settlers, calcining reverberatory furnace and leaching tubs. Space is

available for smelting outfit whenever it is considered advisable. Summer
school : Excursions for mining and railroad surveying during the summer
are open to all students of the mining course and are largely attended.
Excursions to mines, smelting works and other industrial manufacturing
establishments are arranged for all students in mining and metallurcfy

;

the time given to them ranges from a few days to ten weeks in ^he
summer.

University of Illinois has a college of engineering with four schools,
one of which is a school of mining engineering which was reorganised in Illinois school

1885 and is not fully equipped. There is a professor of mining. A mininf' °- ^lining en-

laboratory is contemplated. Age at entering fifteen years ; i.e. students may
^'°'^®"'^°'

enter at fifteen, but are advised not to do so until eighteen years of age. The
course is four years with the degree of B.S. One year's post-graduate study
entitles to the degree of E.M. Frequent excursions and theses requiring
studies at the mines.

University of King's College is at W indsor, ISTova Scotia. Was founded
in 1802. Has a course in civil engineering, with alternative of mining. It King's coUege,

has a professor of chemistry, geology and mining. It offers summer excur-
^"''^^'^^^^

sions. Entering age is not specified. The course is three years, with the
degree of B.E.

University of Michigan has a professor of mineralogy, economic geo-
logy and mining engineering, and a professor of metallurgy. Students enter mning en-

at sixteen. Length of course not specified, but covers in fact four years, ^e u^vlrsL-.
The degree of B.S. is given when the necessary number of courses has been of Michigan."'

satisfactorily finished. A degree in mining engineering is given after post-
graduate course. In this university many students who are candidates for
degrees in arts, philosophy, science or letters pursue mining and metallurt^ical
subjects.

University of Ohio has seventeen courses, one of which is minin^y and
metallurgy. It has a professor of mining and metallurgy. Entering age not ninincrand
specified. The course is four years, with the degree of M.E. Total number taiul^lk-'cou^r

of graduates from the college 75 ; from the mining course 9. Students now univlreiS°
in the college 323, of whom 11 are studying mining. Memoirs are required
which necessitate visits to mines on the part of the students.
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University of Pennsylvania includes the Towne scientific school, with

five courses, one of which is in metallurgy and mining. It has a professor

emeritus of geology and mining, a professor of metallurgy and mineralogy,

and a lecturer on geology and mining. A mining laboratory is contemplated.

There is a summer school in mine surveying ; there are also geological excur-

sions. Entering age depends on proper preparation only. The course is

five years ; two years preparatory, three years technical work. The degrees

are B.S. and E.M. In the third year four excursions of one day each, one

excursion of two weeks. In the fourth year four excursions of one day each,

one excursion of two weeks. In the fifth year three weeks in the coal mines

and six days in metallurgical works.

University of Wisconsin gives a course in mining engineering, also one

in metallurgical engineering. Has a professor of metallurgy. There are

excursions to metallurgical works. Entering age sixteen. The course is

four years. Degrees, B.Met.E. and B.M.E. Second degrees given on
examination only, and after at least one year of study and practice, Met.E.

and M.E.

"Washington university, St. Louis, has a polytechnic school with four

courses ; one of them is mining and metallurgy. It has a professor of mining

and metallurgy ; has a mining laboratory in preparation for next year ; has a

prominent summer school of surveying, mining and metallurgy, attendance

on which is a requirement. It has excursions to mines and works. Students

enter at sixteen. The course is four years with the degree of B.E. After

one additional year of special study the degree of E.M. is given.

There are three other schools of mines contemplated in the United

States : one at Houghton, Mich., which expects to open its doors in Sep-

tember, 1886 ; one at Rapid City, Dakota, named the Dakota school of

mines, for which a portion of the funds needed have already been appro-

priated ; and at the Rose polytechnic school, Terre Haute, Ind., " a depart-

ment of mining engineering is contemplated but not yet organised."

Mason science college, Birmingham, prepares for examinations for degrees

from London university. Has professors of chemistry and metallurgy, geo-

logy, engineering and mining. Gives courses in metallurgy and applied

geology, with summer field work and excursions. Gives courses in mining

for the title of Mining Associate, and a certificate of competency for colliery

managers and proprietors ; also evening lectures to working miners.

Owens College (Victoria university) Manchester, has in addition to pro-

fessors of mathematics (pure and applied), physics and chemistr\', a professor

of engineering, a professor of geology, a lecturer in metallurgy and a lecturer

in mineralogy. New and well furnished laboratories have just been com-
pleted for geology and mineralogy ; a large engineering laboratory is in course

of construction and a small laboratory is provided for the lecturer in metal-

lurgy. The college gives a certificate in engineering on the completion of a

three-years' course ; and a certificate in " applied geology and subjects pre-

paratory to mining" after a two-years' course, which "is not intended to

supersede the practical training which is to be obtained in the office of the

mining engineer or in the mines." This course comprises instruction in che-

mistry and physics as well as in engineering, geology and mineralogy, and
includes field work and visits to mines. The Victoria- university gives its

degree of B.Sc. in the several groups (amongst others) of engineering, expe-

rimental sciences and geology.

The Swedish raining school was established in 1821 in Falun. In 1869
it was removed to Stockholm, and incorporated with Kongl. Tekniska Hogs-
kolan. Two or three years are given to preparatory studies and one year to

strictly technical studies, or to the application of metallurgy or mining. The
school for the last year offers eight courses in mining, metallurgy and assaying
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In the first year the studies are common to all the pupils of K. Tekniska
Hogskolan, which embraces five branches or departments, viz., for mechanical

engineers, chemists, civil engineers, architects, and mettillurgical or mining
engineers. In the metallurgy of iron and in mining an excellent summer
course is given. Professor Richard Akerman writes me :

" The second of

May I take the students of the third and fourth years of the course to an
iron works, where we remain for six weeks, daring which they manage for

themselves a small blast furnace of their own and work in charcoal hearths,

etc. After that we visit some other iron works, and then begins the practical

training in mining at the mine, where the professor of mining takes care of

the students for about three weeks, whereupon the professors of mining and
metallurgy for about a forthnight travel with the pupils to different mines
and works. Of what they have seen during these travels the students have
to elaborate descriptions until the beginning of October, during which month
they are examined."

There are three Austrian mining academies. Those of Leoben and
Przibram (belonging to Austria proper) are for German-speaking students. Mining a«ade-

The school of Schemnitz (Hungarian) is intended for the Hungarian popula-
™'^^ '° ^**"^

tion of the empire. One feature characteristic of the Austrian mining
schools is the great importance given to the study of mining and metallur-

gical machinery. To each of these a special series of lectures, combined with

practical designing, is devoted.

Prussia has three schools where mining and metallurgy are taught—the

academies of Clausthal and Berlin, which are devoted entirely to these Mininj^ sehooia

branches, and the polytechnicum of Aachen (Aix-la-Chapelle), which has a 'n Prussia,

mining department. A diflTerence is made between private students and
those who are candidates for government positions. A government student

must be a graduate from a first rank Real-schule or gymnasium. He is then

obliged to take one year's practical course in mines under the direction of the

head government mining otficial of the district where his application has been

made ; after this he must study three years, one of which at Berlin. The condi-

tions of admission for non-government and special students are about the

same as those of Freiburg. Clausthal's special features are the geology, the

deep mines, the large concentration works of argentiferous lead and copper

ores. Fifty-three Americans have studied at the ichool ; eight have
graduated. Aachen's specialty is the large iron, coal and zinc industry in its

neighborhood. Five Americans have studied at the school since 1874 ; one
American is now at the school. Every Saturday is in both of these schools

devoted to systematic, practical study in mines or works.*

SCHOOLS OF MINES IN NEW ZEALAND.

Schools of mines have been formed on the various gold fields with the

view of aflfording technical instruction in subjects relating to minerals, mines origin and ob-

and mining. The distinguishing feature of the scheme is that it brings the J^J^ ?' *^^

• 1 e 1 • • • 1 1 /• 1 1 1
schools.

instruction to the centres of the mining communities on every gold field and
coal field in the colony, and thus enables the miners to attend the classes in

the evening while carrying on their ordinary work during the day. The
scheme had its origin in Lawrence, Otago, in November, 1884, when at the

request of Mr. J. C. Brown, M.H.R., Professor Black of the university of

Otago delivered three lectures on the chemistry of minerals to the Lawrence
Athenaeum and Mining Institute. Encouraged by the enthusiasm created

among the miners, an extended course of lectures and practical classes for the

testing of minerals were immediately organised by the Lawrence Athenjeum
committee and carried out with great success. The Hon. W. J. M. Larnach,

C.M.G., coming then into office as minister of mines for the colony and recog-

* Transactions of the American Institute of Mining Engineers, toI. xv., pp. 322-331 and
810-13.

33 (M. C.)
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nising at once the' directness and practical character of the instruction thus

The movement given, the warm reception it was meeting with on the part of the miners and

whoie'^colon
^^*^ ^^® great advantages which if properly managed it could not fail to bring to

the mining community, took up the movement at this point, extended it to the

whole colony and directed and fostered it into what has now become an im-

portant colonial institution. The scheme does not aim at imparting an
exhaustive course of instruction in the subjects of study. This is left for the

Otago school of mines and the university colleges, which the few alone are

able to attend. It aims rather at giving the miners an elementary but at the

same time practical acquaintance with a few of the branches of science relat-

ing to minerals, such as will be of the most advantage to them in their daily

work and through them to the colony at large. The subjects which are taken

up in such a course are the following : (1) geology, (2) mineralogy, (3) chem-
Schemeof iu- istry as applied to mineials, (4) the testing of minerals by wet processes, (5)

schools and re- assaying, (6) metallurgy or the extraction of metals from their ores, and (7)
suits looked for.

j^jjQ^yplpg Provision is also made under the Scheme for classes in mining,

surveying and mine engineering. It is intended that these classes when fully-

equipped will qualify intending mine managers for passing the examination

that will be required of them by a recent act of parliament. The results

expected from the scheme, and indeed already attained to a considerable

exfjent, are such as the following :

(a) Miners in every mining district will be made familiar with all ores

of any value ; they will be able by simple tests to identify ores and ascertain

for themselves what metals they contain.

(b) Miners will be able to assay ores and minerals of every kind, to find

out their richness or what proportion of metal or other valuable substance

they contain ; to find out for example how many ounces of gold or silver per

ton a stone contains, what percentage of mercury, copper, tin, lead, antimony,

iron, zinc, etc., the quality of coal, oil shale, limestone, building stone, etc.

(c) Miners will be familiarised with the acids, alkalis and salts, with the

action of these chemicals on gold, silver, mercury, copper and the other metals,

and with their use in the treatment of copper plates, sickened mercury, test-

ing ores ajid generally in gold and silver-saving processes.

(d) Miaers will be able to make their own sodium amalgam at a small

fraction of the cost of the imported article and will thus have control over its

quality, and having a practical acquaintance with its action under all con-

ditions they will be in a position to experiment in an intelligent manner on

its use as a mercury-cleaning and gold-saving appliance.

(e) Miners will be instructed in thp most simple and effective processes

for cleaning dirty gold from such impurities as rust, lead, zinc, tin, iron or

an undue proportion of copper or silver, etc., so as to' make it saleable at its

proper price.

(/) Minerd will also be able to assay their gold or bullion so as to ascer-

tain its fineness and commercial value. This is specially important on a new
field where the quality of the gold is unknown, or on a field like the Hauraki
peninsula where the proportion of gold and silver in the bullion varies widely,

(g) Miners will have by means of practical experiments, diagrams,

descriptions and explanations an intelligent acquaintance with the objects,

principles and conditions of roasting and smelting processes, the various kinds

of furnace, fluxes, oxidising and reducing agents, the difierent effects brought

about at various temperatures, the different chemicals employed in the furnace

and in the vats, especially in recent silver smelting processes, and the part

which electx'icity may be made to play in the treatment of ores.

(/i) Miners will also by means of lectures and the current periodical

literature on mining subjects be put in possession of the most recent intelli-

gence as to improved processes in use in other countries as well as in different

parts of the colony itself.
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TEACHING STAFF OF THE SCHOOLS.
The carrying out of the scheme has hitherto been intrusted to Professor

Black and a staff of seven colleagues and assistants. Their qualifications for Qualifications of

the work are as follows :

teachers

(1) James G. Black, M.A., D.Sc, is professor of chemistry, metallurgy
and assaying in the university of Otago and Otago school of mines.

(2) Alexander Montgomery, M.A., with first-class honors in chemistry
and physics (London examination), is an alumnus of Otago university and
school of mines, and was assistant to Professor Black for two years in the

chemistry classes of Otago university.

(3) Thomas F. Fenton, late mine and battery manager, mine and mineral
viewer and assayer, has completed one year's studies in chemistry, metallurgy,

assaying, mining and blowpipe in Otago university and school of mines.

(4) Victor McLymont is a third year's student in chemistry, first year's

student in mining, assaying, metallurgy and blowpipe and ex-assistant to

Professor Black in the chemistry classes of Otago university and school of

mines.

(5) Thomas Buteman is a fourth year's student of Otago university and
school of mines. He has gone through a full course of studies, practical and
theoretical, in chemistry, metallurgy, assaying, mining, mineralogy and blow-

(6) Robert Irvine is a second year's student in chemistry and first year's

student in assaying, metallurgy, mining and blowpipe in Otago university and
school of mines.

(7) Adolph Hamann has completed a full curriculum in the Otago school

of mines and has distinguished himself in chemistry, assaying, metallurgy,

blowpipe and the mining and mineralogy classes.

(8) William Goodlet has been laboratory assistant to Professor Black
for six years in the chemistry, assaying and metallurgy classes of the Otago
university and school of mines.

Arrangements are also being made for securing the valuable co-operation

of Professor Brown of Auckland college, and probably of Professor Bickerton

of Canterbury college.

Professor Black besides taking the general supervision of the scheme all

the year round, devotes the six summer months (November to May) exclu- Empioymeflt oi

sively to his duties under it, dividing his time pretty equally between the instructors.

difl^erent districts of the colony. Mr. Montgomery is occupied all the year
with the Thames district. Messrs. Buteman and Irvine were during the

year 1886 engaged for only six weeks conducting assaying and blowpipe
classes in the Bees', Skipper's and Macetown reefing districts. All the other

members of the staff are engaged for only the six summer mont'is and have
been located for the present year as follows : Mr. Fenton in the Westport,
Reefton and Lyell districts, Mr. McLymont in the Boss, Hokitika, Kumara
and Greymouth districts, Mr. Hamann in the Lawrence, Cromwell and
Naseby districts In placing the members of the teaching staff care is taken
that men of special acquirements are appointed to districts where their par-

ticular knowledge will be most serviceable.

CONSTITUTION AND ESTABLISHMENT OF SCHOOLS OF MINKS.
The establishment of a school of mines in any mining district is left to

the action of the miners themselves. When they desire to ."^hare in the ad- Local action w
vantages of the scheme they form themselves into an association or institute ofg^'^'sing

or club which for the sake of uniformity is generally called a school of mines.

They fix for themselves an annual subscription varying from 5s. to £\, en-

titling to membership, and with the funds thus collected are procured the
necessary chemicals, crucibles, balances and other appliances for carrying on
their experiments. These are procured from the government stock at the
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rate of about two pounds' worth of chemicals for every pound subscribed. The
association constitutes itself, elects itsown office-bearers and makes its own rules

and by-laws. Wherever such association or school of mines exists arrange-

ments are made to send one or more members of the teaching; staff to conduct

practical testing, blowpipe and assaying classes and to deliver a course of

lectures on some mining subject for a period ranging from a fortnight to ten

or twelve weeks in each year according to the importance of the district.

Professor Black also visits every district once a year to advise and assist the

local committees in their work and to conduct clasges and deliver lectures

which are open to the public during his stay. He also, as well as all the mem-
bers of his staflf, tests and assays free of charge such minerals as are brought

by the miners oi- forwarded to him at the university laboratory, Dunedin.

CHABAOTKR OF THE TEACHING.
The character of the teaching and the reception it meets with on the part

of the miners may be gathered from the following extracts from Professor

Black's report to the minister of mines, dated 24th May, 1886 :

The work carried on in the classes at the Thames was of the following nature ;

1. Mr. Montgomery opened his blowpipe class every morning at 8 o'clock, tak-

ing the students in two relays up to 11 or 12 o'clock and again another relay from

Blowpipe 6 to 7 in the evening. In these blowpipe classes, which I regard as an important
ilaaees. feature of the programme. Mr. Montgomery seated his students along each side of

a table about 25 feet in length. He provided each student with a stout candle, a

piece of wood charcoal, a small and inexpensive assortment of chemicals in the form

of dry salts and other reagents, and a blowpipe. The supply of blowpipes however

ran short owing to the large number that joined the class, but the students very

soon provided themselves with that requisite from various sources. Furnished

with these appliances Mr. Montgomery took his students through a preliminary

course of blowing, practising them in the different kinds of flame—oxidising flame,

reducing flame etc.—and here he was greatly aided by the efficiency of many of the

students who were adepts in the art. He then guided them through a long course

of blowing beads in the loop of a platinum wire from the powdered ores of different

metals, showing them how to identify the metal from the color of the bead in the

various fluxes. Mr. Montgomery also instructed and exercised his class in the art

of heating metallic compounds with and without oxidising and reducing agents, and

fluxes in dry glass tubes and on charcoal, and showed them how to distinguish the

substance on trial by the results obtained. The energy and success with which

these students entered into these blowpipe experiments were quite in keeping with

their enthusiasm and perseverance in the other classes.

2. Mr. Fento'i, who joined the teaching staflf as assayer in Auckland, opened

Assaying. his class for assaying metallic ores every morning at 9 o'clock and conducted with

his students assays every day from 9 a.m. to 5 p.m. on the ores of gold, silver, 'ead

and tin. Being in some difficulty about necessary furnaces, Mr. Dimlop of the

Golden Crown battery built a melting and assay furnace in the battery and gave

the use of it free of charge to the class, supplying them as well with various other

appliances required for carrying on the fire assays. In Mr. Fenton's classes as in

all the others the men themselves took a practical part in the work. He had them
engaged in grinding and sifting the ores, weighing them, weighing out the proper

fluxes for the diflferent kinds of ore, mixing the fluxes with the ground ore, charging

the crucibles, heating them in the melting furnace to the required temperature and

for the proper time, pouring out the molten metal into the ingot moulds, detaching

the slag, hammering and cupelling the resultant buttons of metal, weighing the

bullion and finally separating the silver from the gold, washing, drying and weigh-

ing the latter and calculating the results. In all these operations the men took a

most intelligent interest and worked at them with such success that a very large num-
ber of men on the Thames can now assay their own ores with quite sufficient accur-

acy for their own purposes. The direct advantage to the miners of being able to

do this will be seen when it is stated that the silver in the silver-bearing stone of

Waihi and Karangahake does not exist in the stone in the state of metallic silver,

but chiefly as the grayish-black sulphide and the variously colored chloride, and in

theFe states of combination it is not visible at all as silver. Most of the gold also

in the silver bearing ore exists as a blackish sulphide of gold, probably in combina-
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tion with sulphide of silver, and thus escapes the notice of the miner who is pro-

specting on the old lines. It is only when the gold and silver are brought out
either by the fire assay jirocess orbj' the Avet chemical jjrocesses that the value of the

stone is known. Much stone on the Waihi and Karangahake containing gold and
silver worth £10 to £100 per ton of stone has been overlooked for years for want of

a little of this kind of kn iwledge. I have heard since my visit to the Thames of

several instances of large quantites of stone showing to the eye neither gold nor
silver being taken up by members of Mr. Fenton's assaying class and turned rapidly

to their own advantage. A practical acquaintance with the methods of testing

stone puts the mining prospector in a position to profit directly by his own disco v'-

erie? instead of having to get sample after sample tested by the professional ass^yer

for a fee which he can in many cases ill afford, besides subjecting himself to tedious

delays, long journeys, loss of time and the risk of having someone else better in-

formed in the meantime jumping his claim. I look on a practical knowledge of the
process for assaj'ing silver and gold bearing stone as an incalculable boon to the

miners on the Hauraki peninsula, and a boon that in the interests of the colony the

government would do well to provide.

3. My own testing classes were held in the morning from 9 to 12 o'clock and again

in the evening from 7 to 9 o'clock. In these classes 1 was very efficiently assisted Testing classes-

by Messrs. McLymont and Goodlet, and by Mr. Montgomery when he was not
otherwise engaged. In these classes also the students themselves carried on the
various operations. The students were arranged around seveial large working
tables, provided with stands of test-tubes, filtering appliances, spirit lamps, solu-

tions of metallic salts and the various acids, alkalis and other chemicals rec^uired in

the testing processes. In the first part of the course they applied the proper tests

under my guidance to solutions containing only one metal at a time. Jn this way
we dealt with solutions of gold, platinum, silver, lead, mercury, copper, cadmium,
arsenic, antimony and tin, iron, nickel, cobalt, manganese and zinc, also in some
cases barium, magnesium and calcium. Having mastered the tests for the metals
in solution one at a time we proceeded with the processes for identifying the metals
when several were present in the same solution. The time at our disposal however
at one place did not admit of a thorough study of this branch of analysis, and we
had to leave it to the more leisurely attention of the permanent stafi"in the school
of mines. We then entered on a,very fascinating and important branch of analj'sis

in which we dealt with the ores themselves, grinding thein in the mortar, treating

the powder with the proper acid (nitric, muriatic or sulphuric) or mixture of acids

(generally aqua regia, a mixture of strong nitric acid and strong muriatic acid), boil-

ing to dryness or otherwise, stirring up the residue with water so as to get a water
solution of the metal and then applying to this solution the proper tests in the
proper order till the metal was discovered. When the stone contained, as was gen-
erallji" the case, more than one metal the processes for identifying these in each
other's jjresence were gone through, thusbringing to bear all the knowledge practical

and theoretical acquii'ed in the earlier parts ot the course. In this waj^ we analysed
minerals containing the following metals : gold, silver, lead, mercury, antimony,
platinum, zinc, copper, iron, nickel and managnese. We also tested in the same
way scheelite— worth fi'om £20 to £35 per ton and occurring in various parts of

Otago from Naseby to the head of lake Wakatipu—limestone wolfran and the
various silicates. We also extracted tin from tinstone by fusing it out with the
proper fluxes and afterwards subjected it in solution to the various tests for that
metal. In some of the classes we also examined ores containing the metals named
above, quantitatively to determine the percentage of metal they contained, also

coal of various kinds to determine the percentage of water, ash, gas and fixed carbon

.

During our prolonged stay at the Thames we had time to go through pretty nearly
all the work described above, but at the other centres visited it was quite impossible
in the time at our disposal to go through more than the simplot part of so large a
programme. At every place I visited during the session under report as well a^ on
my tour round the southern gold fields the year before, the attendance was almost
invariably increasing during my stay, and mj^ feeling was on the eve of leaving Attendance at-

many a gold field that I could well stay there for years and find plenty to do among *he classes,

the mining classes all the time. The men are not only most intelligent and very
well informed—in many cases on subjects altogether outside their own pursuits

—

but are aa a rule to which I have not found any exceptions, of a genial straightfor-
ward and kindly disposition, which makes it a positive pleasure to have any dealings
with them.
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^dbjects of

lectures.

(nterest in the
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^^tudy.

4. My own lecture was delivered usually from 9 to 11 or 11.30 p.m. and always
closed the day's proceedings. The subject of the lecture was one or other of the
following course :

How quartz reefs were formed.
How gold came into the reefs.

How other metals came into the reefs.

The chemistry of gold.

The methods of testing and assaying gold-bearing stone.

The chlorination process for extracting gold from iron pyrites.

The conditions to be observed in the roasting of metallic sulphides.
The Lamonte furnace.

The ores of silver, and the processes for the extraction of silver from its ores.

The processes for assaying and testing silver bearing stone.

Copper and its ores.

The extraction of copper from its ores.

Tin : its occurrence an I extraction from tinstone.

Lead and antimony : their ores and metallurgy.
Iron and its ores.

The smelting of iron ores.

Mercury : its occurrence and the methods of extracting it from its ores.

Sodium amalgam: i*s manufacture, properties and uses as a gold-saving appliance.
Nitric acid and muriatic acid : their manufacture, tests of their strength and

purity and their jjroperties and uses for testing ores, and ^

On the gold fields generally.

I have been often astonished at the jiatience with which the miners would sit

for three or four or sometimes five hours listening to a lecture on some of the above
subjects. They were always freely illustrated by experiments, but it was evidently
not these but their intelligent interest in the subject of lecture, and their ability to

follow it clearly in all its essential details, that kept the men on their seats to its

close. A look at the above list of subjects of experimental lectures will show how
well they are suited to an intelligent mining audience, and it is to such subjects as

these that I wish the attentitni oi the teaching staff of the chemistry department of

the gold fields schools of mines to be directed.

At the Thames Mr. Montgomery delivered during the week three of his lec-

tures on gold saving appliances, and I closed the classes there by two lectures on
the treatment of silver ore and gold bearing tailings on Thursday and Friday evenings
before audiences larger, stronger, more enthusiastic and more keenly interested in
the subject of lecture than ever they had been before. Indeed my experience
everywhere was that the longer we .staj'ed the more intense did the interest be-
come, the more the miners knew the more they wished to know. So much was
this the case at the Thames Karangahake, Te Aroha, Waiorongoraai and Coroman-
del as well as on the west coast and southern gold fields that it was quite depressing
to have to leave such crowds of intelligent men in place after place, all eager to

get further information and practice in the methods of testing the ores.

From the Tha ues we all proceeded by steamer with Avarden Kenrick to Coro-
mandel on Saturday the 12th Decembc, and lectured there the same evening. Mr.
Cadman, M.H.R., had been for weeks before our arrival in constant communication
with Mr. Kendrick and myself about our visit, had spread among the miners infor-

mation about our doings on the Thames and else^vhere, and had made all necessary'

arrangements for the success of the classes. The result of all this preparation was
that we found on the night of our arrival a crowd of about 180, nearly all miners,
awaiting us in the schoolroom. The large room was crowded to overflowing, and
many could not even get standing room within the building. The testi g class was
at once formed and continued under my dii-ectiun and that of Messrs. Montgomery
and McLymont from 7 p.m. to 9.3 J p.m., when Mr. Cadman took the chair and I

lectured till 11.30 p.m. on the formation of quartz reefs and the introduction of

gold into them. Messrs. Montg >mery and Fenton opened their blowpipe and
assaying classes on Monday morning at 8 o'clock and continued all day, with sev-

eral relays of students, the men themselves as usual taking a direct and active part
in all the operations. Mr. McLymont had during Monday and Tuesday full charge
of the testing classes until 7 p. m. , when I took charge and continued for two hours
with the metallic ores, following each evening with a lecture till 11.30 p.m. on
some subject connected with gold saving processes.

After spending four days at the Thames lecturing and conducting classes, I

proceeded with Mr. Fenton and Mr. Goodlet to Karangahake, about fifty miles in-



519

land, leaving Messrs. Montgomery and McLymonfc in charge of the Thames classes.

Warden Kendrick, who as usual had made all necessary arrangements, accomjjanied Large attend-

me to Karangahake and presided at the first meeting, which was attended by 160 ^^^®
*' lectures

miners As there was no room at Karangahake large enough to accommodate such classes.
"

a crowd Mr. B. K. Davis put his Lamonte furnace building at our disposal. This
building WAS in course of erection and nearly finished, and through the efforts of

i\Ir. Haslott, the foreman, it was soon put in a condition suited to the purposes of

the classes. Next day about 30 of the miners took a half holiday to go thrtjugh the
<issaying processes with Mr. Fenton. Mr. Smith, the professional assayer at Kar-
angahake, verj' kindly put his plant at our disposal for that purpose. This was
really a kindness as we were utterly destitute of balances and crucibles, and it is

an unhear ]-of thing for an assayer to expose his delicate balance and fine crucibles

and weii^hts to the rough handling of outsiders; but in the keenness of the interest

taken V)y both Mr. Davis and Mr. Smith this was quite forgotten for the moment.
About 180 miners turned up at the second lecture. On the third day from 70 to 90 of

the miners were engaged in relays aU the afternoon assaying with Mr. Fenton. many
of them taking an active part in all the processes except the weighing of the fine

metals in which they could not participate owing to the small size of the balance
room. In the evening at 7 o'clock we found about 220 men assembled for the
testing class and lecture, and the furnace room was far too small to accommodate
them in the usual way. Steps were immediately taken however to plank the rafters,

and in this way 70 or 80 men had accommodation overhead, and there they re-

mainsd in perfect .silence looking down on the proceedings at the testing table for
four hours. At this meeting Mr. McLaren, inspector of mines, presided, and by
his geniality and enthusiasm and knowledge of the men did good service in explain-
ing from the chair the object of the classes and urging all to avail themselves of the
facilities for technical instruction in their own industry now placed at their disposal.

The meeting here was opened about 7 p.m. and it was after midnight when it broke
up. It was indeed without exception the most enthusiastic meeting I have ever
had on the gold fields. Most of the men had come with paper and pencil, and
those who were not themselves taking part in the processes were taking, as well as

they could, notes of the proceedings. 1 was never so impressed as I Avas that night
at Karangahake with the intelligence, perseverance and energy which the miners
can bring to bear on any subject in which they are intensely interested. Here we
had many of them analj^sing and assaying silver ores with quite sufficient accuracy
by the useful laboratory and furnace process, while three days before very few of them
could identify silver ore when they saw it, much less could thej' form any idea of

the proportion of silver which it contained.

It would be one of the chief functions of a colonial school of n)ines to investi-

gate the character and composition of our gold and silver bearing stone and other Functions of a

-valuable minerals, to procure and disseminate among those concerned the most school of mines,

recent information about their treatment elsewhere, and to guide the miner in the
application of sound and scientific principles in their development and metallurgy.
There will thus be saved to the colonj' the useless expenditure of much monej' and
a great deal of energy in hopeless directions, and the country will be in a position
to profit by whatever mineral wealth our mountains contain.

GOVERNMENT ASSISTANCE TO SCHOOLS OF JflNES.

The mines department has imported from London for the use of the

schools chemicals and apparatus to the value of about £400. It has also ^ jj^jj^.^^ j^j,

procured from Germany eleven collections of ores, locks and other minerals schools,

for distribution among the schools of mines. Each of these collections cost

about £35 and includes 200 specimens of metallic ores, 50 specimens of rocks

and 30 specimens of minerals that accompany the metallic ores and are indi-

cative of the same, besides an assortment of minerals to show degree of hard-

ness and 110 samples for blowpipe testing, with blowpipes for the same.*

THE minister's REPORT ON THE SCHOOLS.
With regard to the important and useful work being carried on in con-

nection with the schools of mines at the many mining centres throughout the Practical ohar-

colony where they have been established, it seems to me that one of the
fltstructiovf

first and surest steps towards developing the mineral resources of New
.Zealand is to give every opportunity and encouragement to our mining

* The Handbook of New Zealand Mines, Appendix, pp. 1-13.
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population to become thoroughly well acquainted with the various ores that

exist in different parts of the colony, in order that miners who cannot detect

the nature of any ore by sight may be able to test it by analysis and ascer-

tain its value. It is only by such means that we may look forward to our

mineral lodes being properly prospected and intelligently Avorked, and the

combination of metals in refractory ores being more easily discovered and

understood, for hitherto this last description of ore has considerably puzzled

the most scientific and practical men among the mining communities. Schools

of mines have been established in all the chief mining centres, and they

may fairly be termed excellent schools for technical education. It is really

astonishing to learn of the good work done in the direction of teaching not

only the adult miner but the youthful student as well, and so eager are all

classes that attend these schools to acquire knowledge and information on

subjects connected with minerals and their analysis that they have formed

themselves into local bodies in the several centres and have subscribed hand-

somely towards funds for the erection of buildings and had the same fitted

up with convenient laboratories, with assaying furnaces capable of testing the

component parts ot any ore or other mineral that may be met with. Much
of the success of these schools is due to the energetic and enthusiastic

manner in which Professor Black of the Otago university first inaugurated

them, and then carried on the courses of lectures with unflagging zeal

throughout the whole mining districts of the colony. Last year Professor

Black confined his teachings to the Middle island, with his assistants ; and

Professor Brown of the univeroity college, Auckland, in conjunction with

Mr. Montgomery of the Thames school of mines, undertook the supervision

and instruction of the schools in the North island. The great interest with

which Professor Brown has taken up this work and the anxiety he has shown

to try and improve the knowledge of the mining communities among which

he travels may be gleaned from the interesting and instructive lecture he

recently delivered in Auckland on the subject of the extraction of gold and

silver from the ores in the Thames district. Through the good offices of the

late Sir Julius von Haast I was enabled to obtain last year from Germany
fifteen sets of mineral specimens complete, and twelve of the-;e have been dis-

tributed among the principal schools of mines. One set will be kept in

Wellington for reference and comparison and two remain to be handed over

to other schools that are still without. These speciman sets have been found

to be most useful to the miners and students generally attending the schools^

as they have been so well and carefully selected and marked that each speci-

men can with ease be compared with any other natural specimen found in

the country and its nature immediately detected. Up to the present time

there have been established 24 schools of mines throughout the colony
;
five

of these are in the North island and the remainder in the Middle island, full

details of which, with an accoant of their state of elfiiiency, will be found

in the several reports furnished by Professor Black and his assistants. The
total cost of imparting instruction and information and subsidies given to

the schools up to the end of March last was ,£4,193, and the expenditure

for same during last year was £2,924. I feel great satisfaction in reporting

such good results from the formation of these schools and the great interest

shown by the mining communities in them ; and I consider that the colony

is indebted to Professor Black and Professor Brown and their assistants for

the energy and enthusiasm displayed in conducting the necessary instructioa

in the manner they have hitherto done. The course of instruction given has

already proved itself of incalculable benefit to the miners and other stu-

dents, and I believe ultimately Avill be the means of establishing a better

system of working the mineral lodes, and in saving a very large percentage

of metals that otherwise would be allowed to go to waste.*

* From the report of the Minister of Mines, 1887, p. 15.
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REPORT OF THE SECRETARY OF MIXES.

As already mentioned, the miner is confronted with the problem of how
to treat the ores in which gold, silver, and other metals occur in combination. Practical bene-

One important step towards its elucidation has already been made in teaching
^^j^^tion

'"

him how to recognise the constituent metals in the ores. Dr. Black, pro-

fessor of chemistry and metallurgy at the Otago university, during each of

the summer vacations of the last three years visited the princi|>al mining
districts, delivering lectures on chemistry and teaching miners the tests to

apply in the detection of the various metals. The results have been well

worthy of this labor, for the miners from their calling being of a very
observant nature have profited greatly by the scientific instruction. It has

literally been a case of the seed falling on good ground and producing fruit

many fold. It is largely due to Dr. Black's labors and to the attempts at

smelting by the Limonte process that the miners of the Thames realised as

they now do the presence of the silver and other metals that were being

shot out on the heap of tailings like so much rubbish. A great incentive

has been given to prospect new fields, for in the simple tests the miner has
learned to apply he is armed with a talisman to unlock the secrets of nature.

It is true that it is one thing to know what is in an ore and quite another to

dissociate the metals composing it, on the large scale. But we are on the

right track of discovery in having awakened the spirit of enquiry among so

many intelligent men who are supplied at various paints with the means of

pursuing their inquiries in the laboratory. On account ot the expense it is

of course impossible to equip and maintain laboratories on all the gold fields.

But, recognising the importance of keeping this spirit of inquiry alive, well Laboratories,

equipped laboratories are maintained both at the Thames and at Reefton

—

the two principal quartz-mining districts—in charge at each place of an
officer trained under Dr. Black. At the Thames Mr. Montgomery has charge,

and Mr. Fentou at Reefton. . Their duties are to make analyses and teach

the miners, old and young, in the chemistry of their work. It is reasonable

to hope that the outcome of so much intelligent application muU be the

discovery of a method of treating the ores so as to make the most refrac-

tory of them yield up their wealth. The expenditure on schools of mines E.^penditure.

since their inauguration has been as follows :

£ s. d.

Subsidie.s towards the erection of buildings 511 12 3
Chemicals and mineralogical specimens 699 15 2
Salaries of teachers and travelling expenses 5,654 8 7

Total £6,865 16

In addition to this the liabilitie.^; amounted at the end of March last to

£.337 4s. 3d., exclusive of £600 which was authorised as subsidy towards
the erection of a testing-plant in connection with the Thames school of

mines T

VICTORIA SCHOOL OF MIXES.
Dr. R. W. Dale in his impressions of Australia says :

" Victoria has a
school of mines at Ballarat and another at Sandhurst; it is supposed to be a victoria school

great advantage to the students that they can go down into the mines, which "^^ mi"es,

are within half a mile of their lecture rooms and laboratories, and examine
for themselves the methods of working them and the manner in which
engineering difficulties have been met and mastered."' The Ballarat school of

mines is not yet aflSliated to the university, although it prepares students in

mining among other subjects. It gives " certificates of competence " in

assaying, including metallurgy. It has a well equipped laboratory with six

lecturers and professors of mining subjects, and prepares students for

university degree examinations.

* From the report of the Secretary of the Department of Mines, 1888, p. 5.
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M.—MUSEUM OF ECONOMIC GEOLOGY.
UTILITY OF A COLLECTION OF MINERALS.

The act making provision for a geological survey of the province contem
plates as one of its objects the establishment of a provincial museum for the

purpose of illustrating by maps, specimens and descriptions the geological

structure of the country, and of affording a view of its mineral resources

;

and the government having placed at the disposal of the Survey a building

in which the arrangement of the materials that have up to this time been
brought together can be commenced, it may be proper to draw your Excel-

lency's attention to the subject. Of the utility of such a muse-um for the

purposes of instruction, if the arrangement of its detail is properly carried

out, there can be no doubt ; and one branch of the subject which, it appears

to me, should be specially attended to is that which relates to economic
geology. In museums connected with educational institutions minerals are

usually exhibited as they are related to one another in chemical composition,

in crystalline form, or other outward mark by which they are distinguished
;

such collections are useful to enable a learner to acquire a general knowledge
of mineralogy. Or they may be arranged in their geological relations, show-

ing how the minerals are grouped in the veins or beds which contain them,

what species of rocks the veins cut, and the attitude of both the veins and
the strata ; and if to this be added the order of sequence in the strata, as

they are raarked by their fossils, the collection would teach geology, including

the art of discovering useful minerals. But another arrangement of which
mineral substances are capable, and which is not found in ordinary educa-

tional institutions, regards their application to the purposes of life ; it is par-

ticularly in the exhibition of the useful minerals of the country and the

illustration of their applications by examples that a collection connected with

a geological survey is of essential advantage, and it is wliile a geological sur-

vey is in operation that such a collection can Jje best acquired. Including

this branch of the subject, the collection of the Survey would show the

mineral and mechanical character of the rocks of the province, their sequence

in the order of superposition, the fossils they contain by which nature has

marked them as with a brand, rendering them recognisable wherever they

are met with, the attitude they have beneath the surface, their geographical

distribution, and with that the geographical distribution of the useful

materials they hold, and then the purposes to which these materials can be

applied. To illustrate these uses properly would necessarily require a good
deal of the manipulation of the artisan. It would be necessary to saw and
polish blocks of marble and other stones, to dress and prepare slates, to dress

building materials,—in short to give to each subslance the various useful

forms which it is capable of receiving. . . . In a new country just be-

ginning to ascertain its possesion of useful minerals, one of the most difficult

things possible is to introduce the skill requisite to make them available.

Dessriptions of them and their applications may be printed and published,

l.ut it is not easy to get the descriptions read ; indeed a vast number of those

whose labor might be available to turn the materials to profit can read with
difficulty or not at all ; but it requires little tuition to couiprehend the objects

of industrial art when addressed to the eye, and imitative skill is more
excited by the sight of such objects than by written descriptions even when
understood. In a collection of them many persons to whom the knowledge
would in no otherwise come may I'ecognise substances which they have in

abundance at their own doors, but of which they know not the use. The
examples which show their uses may prompt attempts to make them available,

ind the collection thus becoming a school of mineral aits would be a means
of exciting native indu-try.*

* Sir William Logan in the Geological Survej' report, 1851-2, pp. 54-6.



)23

THE MUSKt^M AS AN ADJUNCT OF THE TECHNICAL SCHOOL.

The museum, to those not well acquainted with its uses and with the

derivation of the word, is associated with amusement, but the amousoi were
the uncultivated and the unlettered who went to the museums, the places

devoted to literature and the fine arts, with more or less of a hope of instruc-

tion as well as amusement. The museum itself was dedicated to the muses
and maintained by the lovers of art, and to such a place, well arranged by
^he thoughtful teacher, the earnest student should be encouraged to go for aid

in the study of his science, for recreation when overburdened, and for as sure

a way of reaching his end as by oral instruction or book-learning, while the

mere curiosity-seeker will be sure to carry away with him from the museum,
if no other idea, that of order and classification. The museum is the neces- The museum a

sary adjunct to the technical school, because it helps to familiarise the eye
ad^un^t^of tbe

with colors, forms, associations and proportions of things with which the technical school,

student must in any case become familiar. Passing by and seeing, even with-

out study, a mineral, a chemical, a part of a machine or its whole, will

familiarise him with color, shape and proportion in a short time without effort,

as much as many hours of study, and more than the memorising of a com-
plete description from a book. Nor is it enough that the student should see

only. He should be able to handle, to look over and to examine samples
and specimens, placing them in every position so as to become familiar with
all their conditions, their weights, their dimensions, their proportions. No
amount of book knowledge would make it possible to distinguish minerals which
are very much alike, or even if it did, could only be acquired at the expense
of an unwarranted amount of time, not in any way proportioned to the value

of the knowledge acquired. Museums in a technical school should be

arranged on a principle which will bring out the relations of the things they How arranged

are intended to illustrate. I am strongly an advocate of making all such ^^ P *<^ •

museums, where it is possible, passageways through which students must
walk to and fro in going to and coming from their various class-rooms, and
of placing on the walls of the class and lecture rooms collections where the

eye may rest, even though it be for only an instant, in the intervals during

the interruptions of thought. The eye in this way becomes unconsciously

familiarised with objects which from their previous familiarity with them,

when they commence to study them closely, do not strike the terror into the

heart which an absolutely new and unfamiliar thing sometimes does, thus mak-
ing the subject less difficult. The order, the arrangement and the classification

of the objecta exposed carry with them a most useful lesson, which is uncon-

sciously absorbed and teaches systematic methods better than almost any other

way in which they could be taught. The museum thus becomes a powerful The museum an

object-teacher. Its instruction is all the more emphatic because silent, and ° ^^'^ ^° ^'

the principles or facts which are demonstrated in the arrangement all the

more impressive because they are unconsciously learned. The student is thus

without effort made to think that this or that must of course be true—we
have always known it. It thus makes the acquirement of certain kinds of

principles easy, where they might otherwise have been difficult if this power-

ful object-teacher, the museum, had not been brought into play. Familiaris-

ing the eye of the student with good types makes knowledge of what is propor-

tion almost intuitive. Beauty then becomes an element in his future design, to

which his analytical knowledge will never allow him to sacrifice strength or

utility. If the eye has been properly trained the dra^ving of a section stands

out to him in relief, and he can distinguish by means of it what is behind or on
one side as well as what is shown in the section or side of the relief which
the drawing exhibits. There is always the danger in teaching from models,

<8ven though made to a scale, unless the idea of rehitive dimensions has been
taught, that the real thing in its own proper scale will appear heavy and
clumsy, and thus generate the habit of making things too light. This can
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always be guarded against by having the sections of parts of full size where
they can be seen and handled. In my opinion too little is made of museum
education in this country and too little floor space given to museums. They
should be open throughout the entire day and be contained in well lighted

and well ventilated rooms. The students should have free excess to them
at all times, and should be encouraged to pass as much time in them as is

consistent with duties in other directions.''

The increase of

United States
products.

N.—MINERAL PRODUCTION OF 1 888.

The table on next page gives, by quantities and values, the mineral products

of Canada and the United States for the year 1 888. It does not include the

articles of brick, charcoal, coke, fertilisers, glass and glassware, iron, iron ore,

pottery ware, sewer pipe and tile, steel, sulphuric acid, terra cotta and tile in

the Canadian table of production, as these are properly manufactures. In
commenting on the total value of the minerals produced in the United
States in 1888 the report says :

" It is recognised that this is the sum of

the values of substances taken in various stages of manufacture, and
hence not strictly comparable with each other ; still it is the most valuable

means for comparing the total products of different years. The result is an
increase of over !?40,000,000 beyond the value of the product in 1887. In

that year nearly every mineral industry showed an increase, and hence an
increased total was evident. But the fact that the increase was so very

large was due to rather exceptional conditions in a few important industries,.

and it could not reasonably be expected that a similar combination of circum-

stances would result in even a larger total value for 1888. Nevertheless the

unprecedented stimulus given to the production of copper by an artificial

price increased the total value of that product nearly $13,000,000, or nearly

enough to offset the decline in the total value of pig iron. The other im-

portant factors in tlie increase were coal and the other fuels which followed

the increased quantity of metals. With the anticipated decline of copper to

the normal demand, a decline in the total value of the product in 1889 will

not be inconsistent with the natural development of our mineral resources."

* Prof. Egleston, in the Transactions of the American Institute of Mining Engineers,
vol, XVI, pp. 647-9.
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MINERAL PRODUCTS OK CANADA AND THE UNITED STATES IN 1888.

Products.

Metallic products—
Pig iron tons . .

.

Silver troy oz
Copper pounds
Gold troy oz
Lead, value tons . .

Zinc do . .

.

Quicksilver flasks .

.

Nickel pounds
Aluminium do
Antimony tons . .

.

Platinum troy oz
' Non-rnetallic mineral products—
I Bituminous coal tons.

.

,
Pennsylvania anthracite do .

.

I

Building stone
Lime barrels

I Natural gas
Petroleum barrels
Cement do
Salt do
Limestone for iron flux tons.

.

Phosphate do .

.

Mineral waters gallons
Zinc-white tons.

.

Gypsum do .

.

Borax pounds
Mineral paints tons

.

Asphaltum do .

Manganese ore ... do .

Flint do .

Pyrites do .

New Jersey marls do .

Crude barytes do .

Bromine pouads
Corundum tons .

.

Gold-quartz, souvenirs, jewelry, etc. .

.

Mica pounds
Precious stones
Felspar tons .

.

Graphite pound
Fluorspar tons .

.

Slate ground as pigment do .

.

Chrome iron ore do .

.

Novaculite pounds
Cobalt oxide do
Rutile do
Asbestos tons . .

.

Other articles

Resume of values—
Metals
Mineral substances named in the forego-

ing table
Estimated value of mineral products

unspecified

Grand total .

United
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GLOSSARY OF GEOLOGICAL AND MINING TERMS.

Accessory 3/(rjera/«—Minerals found in crystalline rocks in such small proportions that their
absence would not alter the lithological name of the rock.

Acid Rock—A rock containing much silicic acid (free silica), as opposed to basic rock in which
the alkaline bases predominate

Adit—A horizontal tunnel or gallery driven from the open air on the side of a slope or blutf

into a mine.
Aerolites—Meteoric masses of metallic or other mineral substances which have fallen to the

earth through the air. The metallic aerolites consist principally of metallic iren,

nickel and chrome, and the non-metallic of crystalline rocks resembling greenstones ;

others consist of mixtures of these.

Agglovierate—An accumulation of more or less rounded fragments of rock in an old volcanic
vent or immediately connected with a volcano, the rounding having been due to
friction in the volcano and not to the action of water as in the case of conglomerate.

^/6t<c— Soda felspar; a silicate of alumina and soda. Crystallisation, triclinic.

Alluvium — Kecent ar4ueous deposits of silt or mud.
Alumiyia—Oxide of aluminium. Pure crystalline alumina is represented by corundum,

sapphire and ruby. The commonest form of alumina is as a silicate, of whi«h clays
are mostly composed, and as the compound silicates of aluminium and other metals,
of which a verj' large class of minerals is formed.

Amalgam—A combination of mercury with another metal, especially gold or silver.

Amalgamation—The process of uniting mercury with gold, silver, etc.

Amorphous—Without form ; applied to rocks and minerals having no definite structure.
Ainphibolite—See Hornblende.
Amygdaloid—An igneous rock containing almond-shaped kernels of minerals such as quartz

or agate, calcspar, etc., which have resulted from the filling up of vesicular cavities
that originally existed in these rocks, due to the expansion of gases in them while
still hot and in a soft condition.

.4nor(/ij<i9—Lime-felspar ; a silicate of alumina and lime'; crystallisation, triclinic.

Anthracite—Or hard coal ; a variety of coal from which nearly all the bitumen has been
driven off by a process of natural coking, leaving the fixed carbon and the ash.

Apatite—Mineral phosphate of lime. It is usually of various shades of green and bluish
green, brownish red and light gray. It occurs in grains and small crystals in nearly
all trappean rocks, in granites, gneiss, etc. In the Ottawa valley and the region
between Kingston and Ottawa it occurs in economic quantities, associated with
pyroxene rock and crystalline limestone. The first grade for export has the refuse
rock removed so that the mass contains 80 per cent, and upwards of pure phosphate.
Apatite represents the fifth degrree in the scale of hardness of minerals.

Aqueous Mocks— See Sedimentary.
Arastra—A primitive contrivance for the reduction and amalgamation of gold or silver in

ores. It consists of a shallow tub-shaped enclosure usually about twelve feet in
diameter formed of either iron or stone. An upright shaft fixed to pivots above
and below stands in the centre, and from it arms extend, to which horses or mules
are attached. Blocks of stone attached by thongs or chains to these arms are
dragged around upon the stone pavement or iron plate which forms the bottom, in
such a way that the front of the lower surface of each block is slightly raised so that
it may pass over the finely broken ore and triturate it upon the bottom. After grind-
ing the ore to a pulp, sufficient mercury is added to amalgamate all the precious
metal supposed to be present and the grinding process is continued for some time.

Archcean—A term proposed by Dana and largely adopted for the Azoic Period or Age,
or what had formerly been called the primitive rocks, the lowest of the five grand
divisions or periods of geological time. They embrace the Laurentian and Huronian
systems and are sometimes also called the Pre-Cambrian rocks. See Azoic, Laurentian
and Huronian.

ArenaceousS&ndy ; rocks composed of sand or containing sand along with other ingredients,
as arenaceous limestone.

Argentiferous—Carrying silver ; silver-bearing.

.4rgrerv(t<e— Sulphide of silver; contains 86i per cent, of silver and 13^ of sulphur; heavy
blackish-gray in color, malleable, easily cut by a knife ; it is an important ore of
silver, common in the Thunder Bay silver region.

.4fpi7/o«eous—Containing clay, either soft or hardened, as in shale, slate, argillite, etc.

Artesian W»Us—Deep wells bored through the solid strata. In properly selected situations
the water generally rises in them to the surface, or flows over.

Asbtitot—A fibrous, flexible variety of hornblende. Chrysotile, a fibrous variety of serpen-
tina, is also called asbestos. It fuses at a lower temperature, but for steam-packing
answers the same purpose as true asbestos.

Assaying—Finding or determining the proportion of metals in ores by smelting in the way
appropriate to each. Gold and silver require an additional process called cupelling,
for the purpose of separating them from the base metals.
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Attitude— Position, aspect, d'p, conformation, structure.
Auriferous—Currying gold ; gold-bearing.
.Azoic— Without life. Applied to all the ancient crystalline rocks, because they show no

evidence of the existence of life on the earth at the time of their formation.
Back—A joint or dry fissure from which the rock in front may be separated. The ground in

a mine between a level, drift or adit and the surface,
^ari/ics—Sulphate of barium ; also called heavyspar, from its high specific gravity. When

finely ground it is used as a substitute for white lead paint. It occurs as a veinstone
and is abundant in some of the veins between Thunder bay and Pigeon point.

Basalt —Igneous rock having a columnar structure like that of the Giant's causeway in
Ireland. Lithelogically, basalt is closely allied to diabase.

Basin—In geology, where strata dip from all sides towards a central point or line; also
called a synclinal or trough as opposed to antichnal or dome, where the rocks dip
away from a common line or point.

Basic Bock— A. rock in which the alkaline bases predominate over the free silica.

Battery—A set of stamp-heads working in the same mortar box.
Bed—A layer or stratum of rock of a uniform character. It may be separated by mere lines

of bsddinsr or partings from others like it, or it may be associated with beds which
differ from it in color, texture, compcrsition, etc.

Bedding—See Stratification.

Bed-rock—The solid rock underlying auriferous gravel, sand, clay, etc., and upon which the
alluvial gold rests.

Belt—A term used in the description of the geographical distribution of strata, especially if

incline i strata, to indicate a zone or band of a particular kind as exposed on the
surface.

Bitumen—Mineral pitch ; it is composed of carbon and hydrogen.
Bituminous—Containing disseminated bitumen or its elements, which may generally' be dis-

tinguished by the dark color or the odor.
Bituminiferous—Carrying free bicumen.
Bitterspar—Also called Pearlspar. The crystalline form of carbonate of lime and magnesia ;

the pure form of dolomite. It consists of one part or equivalent of carbonate of
lime and one of carbonate of magnesia.

Black-Jack — Da,rk va,rieties oi zincblende or sulphide of zinc. It has a resinous lustre and
yields a light colored streak or powder.

Black-Lead—The vulgar name for graphite, because it gives a mark on wood or paper like
that of metallic lead. Graphite is also called plumbago from the same circumstance.

Black 5aruZ—Heavy particles consisting of black oxides of iron which accompany alluvial

Blende—Without any qualification means zincblende or the sulphide of zinc, which has the
lustre and often the color of common resin, and yields a white streak and powder.
The darker varieties are called black-jack by the English miners. Other minerals
having this lustre are also called blendes, as antimony-blende, ruby-blende, pitch-
blende, hornblende.

Blood-stone—A dark green variety of chert or jasper with small red spots.

Bog Iron Ore —A spongy variety of hydrated oxide of iron or limonite. Found in layers and
lumps on level sandy soils which have been covered with swamp or bog.

Boulder—A loose mass of rock, usually more or less rounded, and larger than a pebble or a
cobblestone, or say more than a foot in diameter.

Boulder-Clay—The stiff, hard and usually unstratified clay of the drift or glacial period, which
contains boulders scattered through it ; also called till, hardpan, drift-clay, or
simply drift.

Brace—The platform, collar or landing at the mouth of a shaft.

Breccia—A rock formed of angular fragments, whereas in a conglomerate the fragments are
rounded.

Brown Coal—A name given to lignite. (See Coal).

Buddie—A circular tub, pit or enclosure for separating finely divided ores from the waste by
means of water. The surface of the accumulated ore in the buddle is either convex
or concave, according as it is fed from the centre or periphery, and is raked by revolv-
ing brushes.

Bukr-Stone—A spongy silicious rock used for millstones. The kinds most in use come from
Tertiary strata in France.

Bunch—In mining, an irregular mass of ore of considerable size.

Caen-Stone —A tine-grained cream-colored magnesian limestone from Caen in Normandj-. It
is BO soft when freshly quarried that it may be cut by a saw, but hardens on
exposure. Much esteemed as a building stone.

Cage—A frame in which tram-cars are lowered and raised in mine shafts.
Cainozoic—See Tertiary.

<yalamine—The natural carbonate of zinc ; one of its most easily reduced ores ; occurs both
in beds and veins, mostly in the Carboniferous and higher rocks.

Ca/^arc6«s—Containing carnonate of lime, as calcareous sandstone, or composed of it, as cal-
careous spar or calcspar.

Calcareous- Tufa —A spongy, porous or vesicular deposit of carbonate of lime from water. It
often incrusts vegetable and animal substances, which are thus said to be petrified.
When the carbonate of lime is deposited in a more solid form it is called travertine
or calc-sinter. Stalactites and stalagmites are of this nature.

Calcc'lonySee Chalcedony.
Calciftrous —Gs^rrying carbonate of lime.
Calc-Spar—See Calcareous.

34 (m.c.)
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Calcining—Hurmng or roasting ores or other minerals as part of their treatment for smelting,
crushing or otlierwise utilising them.

Ca?n—A projection from a revolving horizontal shaft for raising the stamp by catching the
lower surface of the tapjait or collar surrounding the rod on which the stamp-head is-

hung. The upper side of the cam has an easy curve, such as a parabola, so that
when it strikes the tappit it may not jar it when the lifting movement begins.

Cam-shaft—A strong horizontal revolving shaft to which a number of cams are attached in

such a manner that no two of them may strike the tappits at the same instant, thus
distributing the weight to be lifted.

Caiiibrian—'Derived from Cambria, the ancient name of Wales. The name given by the late

Professor Sedgwick of the University of Cambridge to the most ancient system of

fossiliferous rocks.

Canon—A ravine or gorge, generally on a lar^e scale.

Cap, Cap-rock—An unscientific term use! ti indicate the country rock by which a vein is

pinched at the surface.

Carhonaoeoiis—CoaXy, or containing coaly matter.

Oarhoniferous — Coal-bearing.

Carboniferous System -The sy.stem of rocks which succeeds the Devonian or "Old Red Sand-
stone," and precedes the Permian or " New Red Sandstone." It is characterised

by its containing workable seams of true coal.

Carndian— Oae of the varieties of chalcedony- -originally only the red, but now of any color.

Casimg —The lining of a shaft, the tubing of a well; also applied to the decomposed matter
sometimes found between a vein and the wall-rock.

Cavernous—Containing cavities or caverns, sometimes quite large. Most frequent in

limestones and dolomites.

Ce/csftnf—Sulphate of strontium— a mineral which resembles barytes in its high specific

gravity and is often mistaken for it. It may be used for many of the same pur-

poses in the arts.

Cement—The calcareous, silicious, ferruginous, etc., matter, cementing together gravel,

broken fragments of rock, etc.

CfrMSSite—Natural carbonate of lead, which sometimes occurs in econonaic quantities.

CAa?cc(Zo«y — Translucent varieties of quartz, such as carnelian, agate, silicious sinter, etc.

CAa?^—Originally and properly the soft amorphous variety of limestone of the cretaceous

system used for marking, but now also applied to other substances, as red chalk or

clayey oxide of iroti, French chalk or steatite or sjapstone.

ChalyhcaU - Irony ; waters containing iron, usually the carbonate of iron in solution, are

called chalybeate.

Chert- k. brittle nearly opaque variety of flint. It generally occurs as nodules or thin

irregular beds in limestones.

Chlorite—A soft, dark green mineral, entering largely into the composition of chloritic

schist. It is a silicate oi alumina, magnesia and iron, and has a peculiar earthy

odor when freshlj' broken and breathed upon.

Cinnafeff?-—Sulphide of mercury. A very heavy, red, granular crystalline mineral, giving a

bright red streak and easily reduced to metallic mercury.

Claim—Any area of mining ground staked off or held in accordance with the regulations of

the district in which it is situated.

CTrtsirc—Broken, fragmental ; a rock composed of pieces, or of fine grains which have been
formed by the breaking down of pre-e.xisting rocks, as opposed to crystalline and
other rocks which have been formed from the cooling of molten matter or from the

alteration of sedimentary rocks to such an extent as to obliterate all traces of an
original fragmentary origin.

Clay-Ironstone -Glsijey carbonate of iron. A heavy compact or fine grained clayey look-

ing stone, occurring in nodules and uneven beds among carboniferous and other

rocks. It contains only 20 to 30 per cent, of metal, and yet much of the iron pro-

duced by Great Britain is made from it.

CIcaning-up -The process of collecting together the metal or ore which has accumulated in

the various contrivances for saving it bj" mining machinery.

Cleavage -The property possessed by slates and schists of splitting in one direction, which
may or may not correspond ^^'ith the bedding. It is believed to have been produced

by great pressui e acting at right angles to the cleavage-planes, which has had the

effect of forcing the longer diameters of all the particles into parallel positions cor-

responding with the cleavage. When the cleavage-planes are quite parallel the rock is

called a slate, but when only approximately so and the rock breaks into irregularly

lenticular and wedge-shaped pieces it is a schist. A schistose structure is believed

to have been developed by pressure and shearing in certain crystalline rocks, such as
diorite, which might have otherwise remained massive or homogeneo'is.

CoaZ—Mineralised vegetable matter. The vegetable matter appears to have first taken the

form of peat, then lignite, and finally bituminous coal. ,The latter by the loss of its

bitumen has in same places been converted into anthracite or hard coal. Lignite

gives a brown powder, coal a black. Lignites contain a considerable percentage of

water ; bituminous coal only 5 per cent, and less. Bituminous coals will coke,

lignites will not. Coals and lignites contain the ashes of the plants from which

they have been formed, and also mineral matter brought by water before they be-

came consolidated.

Cobble-Stones—'&mooih flattened, rounded or elongated stones, larger than pebbles and smaller

than boulders. They form durable street pavements by being set on edge close

together.
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Coke— Vfhen the bitumpii is driven out of coal by heatm? it out of contact with air, as in
ovens constructed for the purpose, the residue is called coke.

Cu/or— Minute particles of gi>ld obtained by panning and tjo small for their value to be
estimated.

Columnar -Resembling columns. The cliffs of trappean rocks or diabases of Thunder
cape, lake Nipigon and the country north of Black bay have a columnar structure.

Compact—A rock is said to be compact when the grains are too fine to be visible
; jasper

and lithographic stone are examples.
Complex— In mineralogy, containing many ingredi^nt.s, cranpound or composite. Some

United States geologists use the word as a noun to indicate a complex set of rocks
folded together, or intricately mi.xed, involved, complicated or enlarged.

Conchoidal—Shell-shaped. The more compact rocks such as flint, argillate, fel.site, etc., break
with concave and convex surfaces and are therefore said to have a conchoidal
fracture.

Concretionary —Tending to grow together. Particles of like chemical composition, when
free to move, come together and form nodules of various sizes and shapes which are
called concretions. Clay and ironstone nodules, balls of iron pyrites, turtle stones,
etc., are good examples. Some greenstones exhibit c mcretionary structure.

Conformable —When beds or strata lie upon one another in unbroken and parallel order they
are saifl to be conformable, and this arrangement shows that no disturbance or
denu-:lation has taken place at the locality while their deposition was going on. But
f one set of beds rests upon the eroded or the upturned edges of another, showing a
change of conditions or a break between the formations of the two sets of rocks, they
are .said to be unconformable.

Conglomerate—X rock formed largely of rounded pebbles and stones, he'd together by a
matrix or jiaste of any composition.

Contemporaneous —i.x^stmg together or at the same time.
Contorted—Heat or twisted together. Used where strata are very much folded or crumpled-

on a considerable scale. If on a small scale they are said to be corrugated.
Contact Vein—See Vein.
Coft(r((cf/on— Shrinking. Rocks in passing from a vitreous to a C"ystalline texture shrink

considerably, which may account for the subsidence of certain areas. The whole
globe of the earth has shrunk by cooling. This contraction is a cause of volcanic
action.

Coprolite—A piece of petrified dung.
Corrugated—When beds on a small scale are much wrinkled, folded or crumpled, they are

said t-1 be corrugated. On a larger scale they are said to be coatorted.
Country, Country Eock —The general rock-mass in which mineral veins or deposits are held.
Cradle—A wooden box, longer than wide, provided with a movable slide and hopper, and

mounted on two rockers. It is used for washing gold-bearing earths.

Crater—The cup-shaped orifice of a volcano.
Creek —In Canada brooks are often called creeks.

Creep—In mining, the gradual relative movements of rocks owing to the removal of support
by excavations.

Cretaceous System—The system of rocks next above the Permian, .so called from the abund-
ance of chalk which it contains in England. In America the same system as
recognised by its fossils holds but little chalk.

Cro}) or Outcrop—The coming to the surface or exposure o a rock.

Cross-Course—A vein crossing the general course of a more important one.
Cross-Cut—A driit or level, driven across the course of a vein or tilted bed, generally for

the purpose of intersecting it or of ascertaining its width or richness.

Crushing —Reducing ores or quartz by stamping or passing through rolls.

Crushing-Mill' The same as stamp mill (which see).

Cryolite—A soft white translucent mineral which melts in ordinary flame. It consists of
fluoride of sodium and aluminium, and is valuable for the manufacture of carbonate
of soda and of metallic aluminium. It occurs in veins in gneiss in West Greenland,
and may be looked for among the gneisses of Canada.

Crystals—The various geometric forms assumed by nearly all the solid chemical elements and
dettnite compounds, whether natural or formed artificaliy. The countless modi-
fications of crystalline forms are all grouped under six systems.

Cryslaliine Rocks -Consisting of crj'stalliue particles or grains ; when the latter are distinct
the rock is said to be crystalline-granular.

Crysta'lography —The description cr science of crystals.

Cupriferous —Copper-bearing.
Damp — "Miners in England call gases "damps''; carbonic acid gas is choke-damp, and light

carburetted hydrogen is tire-dam ji.

Dad O'ruuujI—Rock in a mine whicli, althougli producing no ore, reiuires to be removed in
order to get at productive groimd.

D composition —The breaking up or decay of compounds into simpler chemical forms.
Decrepitation —The breaking up with a crackling noise of mineral substances when exposed

to heat, as when comiion salt is thrown upon the fire.

Dilta -The alluvial islands at the mouth of a river, which generally have a triangular form
like that of the Greek letter delta. • '•

Denudation -The washiner down of surface dejrosits so as to lay bare underlying formations.
This washing away in one place is associated with the idea of deposition in another.

Deposit—Anything laid down. Formerly applied to matter left by the agency of water,
but now male to include aloomineral matter in any forni, and precipitated bj-chemical
or other agencies, as the ores, etc., ih veins
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Detritus —Accumulations derived from the wearing down of rock surfaces.

Devitrification—The change from a glassy to a crystalline state.

Devonian System—The geological sj'stem of rocks above the Silurian and below the Car-
bon-ferous ; so called from Devonshire. In Scotland it was called the Old Red
Sandstone.

Diabase—A dark green, greyish green or nearly black igneous rock,- one of the " green-
stones," consisting of a triclinic felspar, augite (or pyroxene) and usually some
olivine, with magnetic or titaniferous iron, apatite and iridite as accessory minerals.

It occurs as dykes, beds, overflows and irrupted sheets and masses, and it- may be
coarsely or very finely crystalline. It is common in all the above forms around
lake Superior and north of lake Huron. Diabase differs from basalt in having
undergone certain interval mineralogical changes, without however affecting its

general chemical composition, which is the same in both. Some varieties of

amygdaloid have the composition of diabase.

Diagonal Stratification—Also called false beddin.? and current bedding. Many sands and
sandstones are marked by lines of subordinate stratification running through the

main beds at variovis angles to their planes ; these are due to currents at the time
of deposition, and they have recei v^ed the above names.

Diallage—A very cleavable variety of augite or pyroxene. Gabbro or Diallage-rock is

composed of this mineral and a triclinic felspar.

.Z)i?Mi;ji/»2.—Accumulations of gravel, etc., supposed to be the result of the extraordinary or

violent action or '"washing asunder " of water as opposed to alluvium, the deposits

resulting from the gentler operations of water.
Dioritc—A crystalline igneous rock, outwardly resembling diabase, and also called "green-

stone," but being composed of a triclinic felspar and hornblende, generally with
some magnetite and apatite as accessory minerals. Diorite occurs in the same man-
ner as diabase, and is a common rock north of the great lakes of the St Lawrence.
It is difficult or often impossible to distinguish it from diabase without microscopic
examination. There are several varieties of diorite, the principal of which are

quartz-diorite, containing free quartz, mica diorite, containing black mica often

abundantly, diorite-porphyry or porphyritic diorite, in which some of the felspar

or hornblende is in the form of large crystals among the smaller ones. Both diorite

and diabase sometimes assume a coarsely concretionary .structure.

Dip —The angle at which beds or strata are inclined from the horizontal, while underlie is

the angle formed between a vein and a perpendicular line. The first is a geologist's

term, the second a ininer's.

Disintegration—The breaking asunder and crumbling away of a rock, due to the action of

moisture, heat, frost, air, and the internal chemical reaction of the component parts

of rocks when acted upon by these surface influences.

Dislocation—A shifting of the relative position of the rock on either side of a crack or break.

It may be up, down or to one side. Equivalent to slip, slide, fault, throw, heave,

upthrow, downthrow, trouble.

Disseminated —To be scattered or diffused through ; to be permeated with.

Disturbance—When the rock has been bent or faulted, or in any way disturbed from
its original position.

Divide, Dividing-range—The water-shed or height-of-land from which the heads of streams
flow in opposite directions.

Divisional Planes—Vlanes which divide rocks into separate masses, large or small, in the

same way as joints, fissures and backs.
DoUrite—A crj-stalline igneous rock having the composition of basalt and diabase, but

formerly supposed to belong to newer rocks. This distinction has not been main-
tained. The term is now used to distinguish the coarser grained varieties of basalt

in which the component minerals may be distinguished by the naked eye.

Dolomite—A rock consisting of carbonate of lime and carbonate of magnesia in the proportions

of one chemical equivalent of each, also called raagnesian limestone. It occurs in a

great many crystalline and non-crystalline forms the same as pure limestone, and
among rocks of all geological ages. When calcined it answers for most of the pur-

poses of ordinary lime. But in the caustic form it would be unfit for putting upon
land as a manure. When the carbonate of magnesia is not present in the above
proportion the rock may still be called a magnesian limestone, but not a dolomite,

strictly speaking.

Drift— In geology, includes all loose or superficial deposits which may be supposed to have
been " driven," within the regions which have come under the influence of the glacial

drift, but more properly restricted to the boulder clay or till. In mining, a level,

gallery or tunnel which does not come out to the open air.

Druse—A cavity in a vein or rock lined with ci'ystals.

Dump —A refuse pile at a mine. It consists of the gangue from which the ore has been
cobbed, dciid rock, etc.

Z)«nes—Heaps of blown sand.
Dyke—A mass of igneous or intrusive rock which has been injected in a soft state between

the walls of a fissure. Dykes are sometimes very wide, and these, as well as nar-

rower ones, often run for long distances. When the enclosing rock has weathered
away they stand up like walls, for which dyke is the Scotch name.

Earth's Crust—The external part of the earth, accessible to geological investigation. The
use of this term does not necessarily imply that the rest of the earth is not also

solid.

Earthquake—A local trembling, shaking, undulating or sudden shock of the surface of the
earth, sometimes accompanied by tissuring or by permanent change of level. Earth-
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quakes are most common in volcanic regions, but often occur elsewhere, as along the
junction of the Laurentian and Paleozoic rocks in the lower St. Lawrence and
Ottawa valleys.

Ecorujmie Minerals —Any minerals having a commercial value.
Elvan—A Cornish term for a crystalline, granular mixture of quartz and orthoclase, consti-

tuting a variety of quartz porphyry. Elvan courses are veins of this rock which
occur in the vicinity of granite in Cornwall.

Emery—Properly a variety of corundum from cape Emeri in the island of Noxos, but
generally used to signify the powder of corundum, a mineral consisting of alumina
alone and ranking next the diamond in hardness.

Engine Shaft— \]sm\\y t\ie principal shaft in a mine, and the one at which the hoisting
and pumping are done.

Eocene —The oldest division of the tertiary system. This name was introduced by Sir
Charles Lyell, and means the dawn of the recent.

Epidote—A hard mineral, usually of a grass-green or a yellowish green color, common
among gneisses, greenstones and certain schists.

Epidosite—An intimate mixture of epidote and quartz forming an exceedingly hard and
tough rock.

Equivalent—JJsed in geology in regard to rocks of corresponding age in regions far from
each other. In chemistry, that proportion of a simple element or of a compound
which will unite chemically with the corresponding equivalent of some other
element or compound. These proportions are always definite, no more or no less

being admitted.
Erosion—The gnawing or wearing away of rocks by means of denuding agencies. The

disintegrating processes already referred to soften the rocks, which are then removed
by the agency of ice or water aided by gravitation, etc.

Erratic -A name often given to transported boulders.
Eruption—A violent breaking far,th to the surface of pent-up matters, such as lava, volcanic

ashes, stones, mud, water, etc.

Escarpraent—A perpendicular cliff, especially of stratified rock.

Exfoliate—To fall off in leaves or scales, as some rocks do by weathering. In this way the
concretionary structure of some kinds of greenstones is well brought out, the
weathered surface showing only rounded masses with the successive spherical layers
falling off.

Face—A perpendicular wall of rock ; th« end of a drift, etc. in a mine.
Fault—The displacement of rocks along a fissure, either up or down or to one side. See

Dislocation.

Fauna—The animals collectively of any given age or region. The plants are similarlj' called

its Flora.
Feeder—A small vein failing into or joining a larger one and often enriching it or otherwise.

affecting its character.
Felsite—A compact rock composed of orthoclase, felspar and silica, in microscopic grains.

See Quartz Porphyry.
Felspars—Several allied species of minerals composed of silicates of alumina and of alkalies

and lime. They crystallise in different systems. The triclinic group of felspars is

called collectively plagioclase. The principal species are orthoclase, albite, labra-

dorite, anorthite and oligoclase. In granitoid rocks the felspar grains may be
detected by the shining of the faces of the cleavage planes. Those of labradorite are
marked by minute parallel ridges called strise. The felspars rank sixth in the scale

of hardnes.s, or next softer than quartz, and may be scratched with difficulty by the
point of a knife.

Ferrugiiicus—Relating to iron.

Fire-clay— Glsiy that will stand intense heat, it consists of silicate of alumina and is almost
entirely free fi-om alkalies or lime ; found principally among carboniferous and other
ancient strata.

Fissile —Gap^\e of being split, as schist, slate and shale.

Fissure Vein—See Vein.

Fjords -Deep narrow arms running in from the sea. They are very numerous on the coasts
of Norway, Greenland and eastern Labrador.

Flaggy—Capable of being split into parallel-faced slabs thicker than slates.

i^/aa< —Applied to loose pieces of ore, etc., which have been removed from their parent site

by some natural process.
Floor—A horizontal rock-surface left by a joint or bed ; the bottom of a drift or other work-,

ing in a mine.
Flora —The plants collectively of a given age or region. See Fauna.
Flour-gold—Very tine gold dust.
Fhuring—The coating of quicksilver with what appears to be a thin film of some sulphide,

so that when it is separated into globules these refuse to reunite. The same trouble
is also called "sickening."

Flucan—A layer of clay bt^tween a vein and the wall-rock, supposed to have been formed
by the grinding of the two surfaces upon each other owing to slow movements ex-
tending throughout a great length of time.

Flume—A wooden trough, sluice or race for conveying water.
Fluorspar—Fluoride of calcuim ; a mineral which often forms veinstone and is usually finely

oolored-green, purple, yellow, blue, etc. It is the fourtli in the scale of hardness,
or next higher than calcito, and maj' be scratched by a steel point. It is common,
in veins in the Thunder Bay district.
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Fhitings—Smooth gutter-like channels or deep .smojth furrows worn In the surface of rocks
by glacial action.

Fluviatile—Pertaining to river?.

Flux—In metallurgy, any substance added to facilitate the smelting of another.
Foliated—Leaf-like. The meaning is similar to that of laminated, but the latter is now

generally used to indicate a finer or more parallel division into layers, foliated being
applied rather to the approximate parallelism of the layers in such rocks as gneiss
and schist.

Foot-ivall —The rock on the lower side of a vein which underlies from the perpendicular.
iibranunj/trff—Minute marine animals of the lowest and simplest organisation, but having

beautiful shelly coverings.
Formation—'^ 4ny assemblage of rocks which have some character in common, whether

of origin, age or composition."— i/^vcZi. In chronological geology formations consti-
tute as it were the units, and several formations may go to make up a system (See
Section i.) The word is often loosely used to indicate anything which has been
formed or brought into its present shape.

jPo«si7—Although this word means literally anything " dug up," it is now restricted to
organic remains, and it has become improper to speak of any mere mineral substance
as a "fossil."

Fracture—The character or appearance of a freshly broken surface of a roCk or mineral.
Peculiarities of fracture afford one of the means of distinguishing minerals and rocks
from one another.

Fragmentary itoo^s—Rocks composed of fragments, whether large or small, broken from
pre-e.xistingones. See Clastic.

Freestones -Varieties of sand-skone which may be freely dressed by the stone-cutter.
Iriahle—Easy to break, or crumbling naturally.
^«co('</s —Fossil sea weeds ; abundant among Silurian strata.
Fundamental Rocks—Thone forming the foundation, substratum, ba>^is or support of others.

In Ontario there is a great break or gap between the ancient or fundamental rocks
and the superticial deposits which rest upon them.

Fuse—A stiff cord filled with gunpowder, etc., used for conveying fire to explosives after
they have been properly set in the rock for blasting.

Oabbro—An igneous rock consisting of a crystalline granitoid mixture of a triclinic felspar
and diallage, the latter being a variety of augite with perfect cleavage in one direc-
tion.

<yad—A small wedge for splitting rock. A similar tool used by quarrymen is called a pl«g.
Galena —The commonest ore of lead, of which it is the sulphide. When freshly broken it

has a bright silvery appearance, from which it has been called lead-glance. It crys-
tallises in the cubic system Galena always contains more or less silver; too little to
extract profitably in the majority of cases.

Gallery—In raining, a drift, tunnel or level for extracting the mineral or proving the vein or
bed.

Gangue —The veinstone, veinstufi or matrix of a vein in which the metallic contents are
enclosed. The commonest gangaes are quartz, calcspar, fiuorspar,'barytes, etc

Oash-vein—A vein which terminates in every direction.
Cecx^es—Rounded hollow nodules ; the cavities are usually lined with crystals.
Geology— "' The science which investigates the history of the earth."

—

Geikie.
Geyiei—Hot springs which occasionally throw up boiling water like fountains. They occur

in Iceland and the western states of North America.
Glacier—A large accumidation of ice formed from snow falling upon high land and gradually

sliding to lower levels. When a glacier reaches the'sea it gives rise to icebergs.
Glance—A term formerly used to designate various minerals having a splendent lustre, as

silver-glance, lead-glance, etc.

Gneiss—A foliated crystalline rock of a general granitoid composition. The commonest
varieties are mica-gneiss, consisting of felspar, quartz and mica, and hornblende-
gneiss, consisting of felspar, quartz and hornblende.

(S'oMan—A ferrugmous crust filling the upper parts of pyritous veins or forming a super-
ficial cover on masses of these ores. It consists principally of hydrated oxide of iron,

and has resulted from the oxidation and removal of the sulphur as well as the
copper, etc.

Granite—A homogeneous crystalline granular mixture of felspar (mostly orthoclase), quartz
and mica, showing no foliation or tendency to break in one direction more than
another. It may still be called granite even if little or no mica be present. Granites
may have been of igneous origin, cooled under great pressure far below the surface
of the earth- as it existed at the time, or they may be the altered form of other
rocks.

Granite -fVfwit/^—The group of crystalline, homogeneous or non-foliated rocks resembling
granite, such as syenite, quartz-syenite, granitite and all varieties of granite itself.

Granitel Ie—Bmnry granite, composed of felspar and quartz.
Graniiite—A mixture of orthoclase and oligoclase with a little quartz and mica.
Granitoid Boeks—The granite family includes rocks which have a general resemblance to

granite, such as syenite, quartz-syenite, granulite, granitite, granitelle, massive
gneiss, etc.

Slranulite-—A schistose rock composed of orthoclase and (quartz with garnet and kyanite (a

silicate of alumina) as accessory minerals. Granulite may be of eruptive origin
notwithstanding its schistose character.
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Graphic Granite—A variety of binary granite in which the quartz is disposed in the felspar

in such a way that in cross section it has some resemblance to Hebrew and Arabic
writing, and from this circumstance it derives its name.

Oraphitc—Called also black lead and plumbago, because it can be used for marking like lead,

althougli this raetal does not enter into its composition. It consists of pure carbon,
with a slight admixture of iron.

(jfrass- roots—A miner's term equivalent to the surface.

Grating—The plate of perforated metal or sieve fixed in the openings in mortar or stamper
boxes in gold or silver crushing mills.

Greenstone—A general name for the crystalline granular trap rocks such as diorite, diabase,

basalt, etc., and is a convenient term for use in the field where it is difficult to dis-

tinguish these rocks from one another. Trap has too wide a range of meaning.
Greywacke—A gray ashy looking rock, consisting of a mixture of grains of felspar and quartz

with some amorphorus mineral and often containing I'ounded and angular fragments
of all sizes, from that of peas up to boulders, of a quartz-felspar rock. These are

often so abundant as to constitute a breccia-conglomerate. Greywackes are very
common rocks in the Huronian system fi-om the shore of lake Huron northward,

frrii—Sandstone in which the grains are sharper or more angular than iisual.

Group—See page 3.

Gully—A small valley with steep sides, usually cut out of clay or earth.

Gypsum.—Sulphate of lime, usually white and ci-ystalline, granular. Selenite is the pure
crystalline form and splits into plates which are very transparent. It is very soft

and is the mineral which constitutes the second degree of hardness, talc being the
first. Gypsum occurs in beds on the Grand river in southern Ontario and on the
Moose river in the northern part of the province.

Samatite or Hematite— One of the commonest ores of iron. It is the peroxide or sesqui-oxide,

and when pure contains about 70 per cent, of metallic iron and 30 of oxygen. It

may be readily diftinguished from magnetic and titaniferous iron ore by its red
-streak and powder, the others giving a black streak. Hematite is sometimes mixed
with sufficient magnetite to cause it to adhere to the magnet. The hydrated
variety of this ore is called limonite or brown hematite, the anhydrous being often
distinguished as red hematite. It contains about 14 per cent, of water and gives a
brown or yellowish streak. It is not always compact—yellow ochre, bog iron ore,

umber, terra sienna, etc., being varieties of it.

Hanging-wall— The wall rock on the upper side of a vein which underlies from the perpen-
dicular.

Hardness of Minerals— Mineralogists have ado|>ted a conventional scale of hardness for

minerals. It is divided into ten degrees and the foUowiiig minerals are used for refer-

ence as standards : 1 Talc, 2 Rock'^alt, 3 Calcspar, 4 Fluorspar, 5 Apatite, 6 Ortho-
clase felspar, 7 t^uartz, 8 Topaz, 9 Corundum, 10 Diamond. There is no scale of

hardness for rocks, which are generally composed of mixtures of different minerals,

but s ime varieties may be referred approximately to the scale for minerals.

Heave—A miner's term for an up-throw. See Dislocation.

Heavyspar— Barytes or sulphate of barium. Celestine or sulphate of strontium is also a
heavyspar easily mistaken for barytes. The carbonate of barium is witherite ; that
of strontium is strontianite.

Hetght-of-Land—See Water-shed.
Hematite—See Haematite.
Hexagonal—Having six angles, and consequently six sides. Basaltic columns and crystals

of quartz, apatite, etc., are examples.
Hopper—A box in the form of an inverted pyramid and having an opening at the apex, used

for directing broken rock, earth, etc. to a contracted space in the manner of a funnel.

Horizon— fn geology, refers to the age or place of rocks in the chronological scale. A rock
is spoken of as belonging to a higher or lower horizon according as it is newer or

older than some other rock.

Hornblende—A very common mineral; so called from its hornlike cleavage and its lustre ;

also known as ainphibole and amphibolite by the French. Usually dark green and
blackish, but occasionally of light colors. It enters largely into the composition of

diorite, rendering this rock very tough. It is also a constituent of sj'euite, some
gneisses, etc. It is a silicate of magnesia and lime, and its chemical composition
differs but little from that of pyroxene or augite, this mineral being distinguished
from it by crystalline form, etc. The principal varieties of hornblende are tremolite,

actinolite and true asbestos.

Hornstone—The cherty and chalcedonic varieties of quartz.
Horse—A mass of country rock enclosed in a vein and almost or entirely surrounded by the

vein stuff ; sometimes called boulders.

Hummockji—-Lumpy, or in small uneven knolls.

Huronian System—The great system of azoic or crj'stalline rocks lying between the Lauren-
tian (below) and the Cairbrian system (above). This name was first given by Sir

William Logan and Dr. T. Sttrry Hunt to these rocks as they were largely developed
on the north side of lake Huron, but the term has been pretty generally adopted foe

rocks of corresponding age all over the world. See page IM.

Hydrated—Containing water in chemical combination, and lienee in a definite proportion in

each case, as gypsum which contains "water of crystallisation," iij-drate of lime, or lime
which has absorbed water on slacking, hydrated oxide of iron, or yellow ochre, which
can be readily converted into the anhydrous or red oxide by driving off the water by
.heat.
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Hydraulic Cement—Cement which sets under water. The rocks which, on being calcined

and ground very fine yield this cement must contain in addition to lime certain pro-

portions of alumina, silica and mae^ne'sia. A little iron is also usually present.

Hydraulic Mining—Washing down gold-bearing earth by mean.s of a large and powerful jet

of water brought from a considerable height and directed by a hose-pipe so as to

have a pressure of from 50 to 100 pounds to the square inch. This process has been
extensively used in California and has also been tried in the Chaudiere gold region

of the province of Quebec.
Hydro-carbons— Substances composed of hydrogen and carbon, as bitumens, parafiBne, petro-

leum, benzine, etc.

Hypogcnc—A term proposed by Lyell for all nether-formed rocks, i.e. rocks which have
assumed their present form at gi'eat depths beneath the surface, whether originally

stratified or unstratified. The former belong to the metamorphic and the latter

to the plutonic group.
Icdajid-spar—The transparent variety of calcspar, found in perfection in Iceland. It

possesses the property of double refraction of light. If a dark line be viewed through
it, it will appear as two parallel lines.

/jrncoMS—Connected with subterranean heat. Igneous rocks are those which have evidently

been once in a molten condition. Those which have cooled at and near the surface,

such as lava and amygdaloid are called volcanic recks, while those which have cooled

at depths and under great pressure, such as granite, syenite, diorite, etc., are called

plutonic rocks.

7?TO6nz«e— Titanic iron or menacconite ; a black heavy mineral like magnetite and composed
of black oxide of iron with a varying quantity of oxide of titanium. It occurs simi-

larly to magnetite. The black iron ores associated with the plagoiclase or triclinic

felspar rocks appear to be proue to contain titanium. No profitable process has yet
been discovered for the extraction of iron from ores containing more than a very
small percentage of titanium,

/mpervzo !/s—Impassable ; applied to strata such as clays, shales, etc., which will not permit
of the penetration of water, petroleum or natural gas.

Impregnation— V^hen a substance, such as an ore, has been introduced into a rock in a dis-

seminated form, it is said to be an impregnation ; a diffused mixture, a sprinkling

incorporated in the mass.
Indurated—Hardened ; applied to rocks hardened by heat, pressure, or the addition of some

ingredient not commonly contained in the rock referred to, as marls indurated by
carbonate of lime.

Iniiltration—The deposition of matter among the grains or pores of a rock by the permeation
or percolation of water carrying it in solution.

Inorganic—Not organic ; unconnected with animal or plant structure.

In situ— In position or place ; applied to solid or fixed rocks as opposed to those which are

loose and may have been transported.

Inspissated—Thickened as by evaporation and oxidation, as for example the pitch or gum
resulting from petroleum after long exposure.

Interealattd—ln geology means interposed or placed between, as beds of one kind placed

between or interstratified with those of another kind.

Interstratijicd—Or interbedded. Strata laid between or alternating with others.

Intrusive—Applied to igneous rocks which have been forced between or into the midst of

others.

Iridescent—Co\ove6. like the rainbow. A play of colors such as is seen on the peacock's tail.

Labradorite and some other felspars show it. The tarnish on the sxirface of coal,

copper-pyrites, etc., is sometimes iridescent.

Iron Pyrites-Or simply pyrite ; bi-sulphide cf iron. A hard, heavy, shiny, yellow mineral,

generally in crystals of the cubic system. It may be distinguished from copper

pyrite by being of a paler yellow color, harder and giving a black powder, whereas
copper pyrites gives a yellow powder. When struck by steel or when two pieces

are struck briskly together sparks of fire are emitted, accompanied^ by the odor of

sulphur. A very common mineral. Marcasite has the same composition, but is white

and crystallises differently. Pyrrhotite or magnetic pyrites is the monosulphide of

iron and is of an iron-gray to bronze color.

Ironstone—Any ore of iron from which the metal may be smelted commercially, but usually

restricted to stratified ores, especially to clay-ironstone— the ore from which most
of the iron of Great Britain has been made.

Isoelinal—Applied to strata which have been so completely overturned that the upper fold

or inverted portion dips in the same direction as the corresponding lower portion.

Jasper—Compact opaque varieties of quartz with cjnchoidal fracture and usually capable

of a high polish. The colors are red, brown, green spotted, nearly white, etc.

Jigging.—One of the operations in the dressing of crushed ores, such as those of lead, copper,

etc. The usual process consists in shaking or jerking the ore in a wire-bottomed

sieve suspended in a vat of water. This allows the fines to pass through and they

are afterwards treated in buddler^, while the rest becomes sorted according to its

relative gravity. The waste fragments are scraped off the top, the process being

called skimping.
Joints—The nearly vertical division-planes whicti traverse nearly all rocks. They are called

backs by quarrymen.
Juniper—A short steel drill for boring holes in rock for blasting or for splitting by gads.

Jurassic System—The system which succeeds the Triassic ; so called after the Jura moun-
tains on the border between Switzerland and France. It corresponds with the

Oolite of England.
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Karnes—Midges of sand and gravel of which the stratification is rudely parallel to the slopes

of the surface. Their origin has not been satisfactorily accounted for.

Eaoliv—Clay, usually very light in color, derived from the decomposition of the felspar in

certain granites. It is used for the manufacture of porcelain,
^iVyt?e—A large barrel-shaped bucket strongly bound with iron hoops, hung by a rope and

used for hoisting ore, etc., up shafts in mines.
Kics—The pure or separated sulphides, as distinguished from the vein-matter in bulk.
Kiln—A large receptacle for calcining ores, limestone, etc.

Kindly—A miner's term for a rock which is considered congenial or likely for carrying ore.

Labradoritc—Lime soda felspar; a silicate of alumina, lime and soda. Crystallisation,
triclinic. See Felspar.

LaccoUte—A mass of igneous rock which has not reached the surface, but has been f(jrced

between two beds of rock where it has spread out. Examples occur in the Thunder
Bay region.

Lacustrine «/e/)osi'ts—Deposits formed in the boottom of lakes.

Land-slides or ,s?i/)s—Large masses of clay, earth or rock which have lost their support and slid

down, sometimes temporarily blocking up streams.
Launder—A i^pout or trough for carrying water for a short distance.
Laurentian Sydcm—'See description, pages 8-lG.

Lateral—Belonging to the sides, or to one side.

Lead—An auriferous deposit following the former bed of a stream now covered by superficial
deposits. In Nova Scotia quartz veins are called leads.

Lean—Applied to poor ores, or those containing a lower percentage of metal than is usually
worked.

Lenticular—Shaped approximately like a double convex lens. When a mass of rock thins
out from the centre to a thin edge all round it is said to be lenticular in form.

Level—^ee Drift.
Lignite—See Coal.

JDmcsione—A rock composed of carbonate of lime; of all colors and varies in texture from
compact or amorphous to coarsely crystalline. White marble is a finely crystalline
variety. Chalk i-s a soft form. Limestone may be distinguished from other rocks
by being easily scratched with a knife and by effervescing when acid is placed upon it.

Limonite—Brown hematite ; hydrated oxide of iron. See Hematite.
Lithology or Petrology—The study of rocks as such ; a branch of geology which is being much

developed in recent years. By making thin sections and examining them under the
microscope the nature of a rock may be determined as well for most purposes as by
chemical analysis.

Loam—A mixture of sand and clay. If decayed vegetable matter be added, it assumes a
dark color and is called vegetable loam.

Lode—A metalliferous vein.

Loess—A peculiar deposit like fine silt found in some parts of northern Europe, northern
China and in the north-western United States.

Long-Tom—A trough for washing gold-bearing gravel or earth.
Lustre—The character of the light reflected by minerals ; it constitutes one of the means of

distinguishing them.
Lydian-stone—A compact or close grained, nearly black, variety of jasper. A smoothed sur-

face of this stone is used for trying the streak of gold, the color of which affords an
index to its purity.

Afacroseo/)ic—Readily seen by the naked eye. On a large scale compared with microscopic.
Magnesian Limestone—See Dolomite.
Magnetic Iron Pyrites-See Iron Pyrites.

Magnetite— Or magnetic iron ore. Black oxide of iron. In addition to its magnetism it may
be distinguished from hematite by yielding a black streak and powder.

Maltha—The pitch or " gum " resulting from the drying up and oxidation of petroleum, as
when it has reached the surface of the ground.

Mamviillated -Having the form of paps or breasts.
Mammoth—A fossil elephant allied to the living species, but larger.
Manganese—A metal chemically related to iron. The black oxide, pyrolusite, the gray oxide,

manganite and the earthy oxide, wad, are used in the arts. Manganese is used in
the manufacture of Be-jseiner steel.

Massive iJoc^s—Those which have no stratification or lamination, as gieenstones, granite,
syenite, etc.

Marble—A variety of moderately soft rocks capable of taking a good polish are called marble.
The commonest are compact and crystalline limestones and dolomites and serpentine.

MaroasiteSeo Iron Pyrites.

Marl—Usually applied to a soft or friable natural mixture of clay and lime.
ilfaW^—Resembling marl.
Mastodo7i—A genus of extinct elephantine mammals, having conical protrusions on the

grinding surfaces of their teeth, whereas the n.ammoth has flattened transverse
ridges.

Matrix—The body or " paste " of any rock which encloses fragments or crystals.
Measures—A general name for stratified rocks,
Mesozuio—Or Secondary : the " middle-life " Period or Age. It is the third of the five

grand divisions of geological time. It includes (in ascending order) the Triassic.
Jurassic and Cretaceous systems.

Metalliferous- Carrying metal.
Metavwrphic—Ap\A'\ed to rocks which have been changed in form and intern.-il structure.

Heat, pressure and time acting on the constituents of rocks have been the main
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causes of metamorphism, converting ordinary and soft sedimentarj' deposits into

crystalline and hard rocks,
^ Metamorphisid—The change in form, etc., which some rocks have undergone, or the process

itself. Alteration has a somewhat similar meaning.
Meteorite—See Aerolite.

Mica—A common mineral easily recognised by its glistening appearance and from the fact

that it may be split into very thin leaves which are elastic. It enters into the com-
position of mica-schist, gneiss, granite and other ciystalline recks, and is found in

scales in sands and sandstones derived from their disintegration. Ignorant persons
sometimes speak of it improperly as isinglass, which is made from the swimming-
bladder of the sturgeon.

/l/^caccoi^^— Containing mica or largely composed of it.

Mica-schixt—A foliated crystalline rock composed of alternate layers of quartz and mica in

various proportion?, the tj'pical one being about two-thirds quartz to one-third mica ;

although the proi>ortion of the latter generally appears greater than it is, because
the rock splits along the mica folia, thus showing the mica alone on the flat surfaces.

The true composition may be seen by looking at the squarely broken edges.

Microscopic—So small as to be seen only by the microscope.
il!fi?te<one(?j"j<— In Great Britain this name is given to a part of the • Carboniferous system,

consisting principally of sandstones, below the coal measures ; it is also sometimes
used for the equivalent group in America.

Mine—An excavation or series of excavations in the earth for the extraction of minerals. A
mere discovery or outcrop of an economic mineral does not constitute a mine. It is

the working of the deposit, not its mere existence, which does this.

Mineral—Scientifically, any inorganic substance having a definite chemical composition and
crystallising in definite forms. Each of these constitutes a mineral species. See
Hock. But the word means literallj' anything dug out of the earth, and in this sense

includes everything except living or recently dead organic matter. Many mineral

substances, such a? coal, som.e limestjnes, etc., are composed of mineralised organic

matter.
Mineralisation—The conversion of a substance into mineral, as peat into coal.

Mineralogy—The study or science of minerals : often confounded with geology, which see.

Miocene—The middle Tertiary system.
Molecule—An ultimate particle t)f matter, having a definite chemical composition.
Mollusca—One of the primary divisions or provinces of the animal kingdom ; it embraces

those soft-bodied invertebrates most but not all of which are provided with shells, as

oysters, snails, slugs, etc.

Molybdenite—Sulphide of molybdenum—a soft bluish black, usually laminated mineral occur-

ring in veins of ([uartz, etc., having somewhat the appearance of graphite, but in most
cases yielding a dark green mark on white paper. If found in considerable quantity
it has a commercial value.

Monocline—A bend in strata in one direction only.

Moonstones—Pale opalescent, almost transparent varieties of felspars.

Moraines—Tiles rr ridges of boulder-drift or till which have accumulated at the sides (lateral)

or lower extremities (terminal) of glaciers.

MortnrBox —The large deep cast-iron box into which the stamps fall and the ore is fed in a
gold or silver stamp-mill ; also called a stamper-box.

Moss Agate—A variety of agate showing branching forms like those of moss.
Mountain Cork—An extremely light non-fibrous variety of asbestos.

Mullock —A term sometimes used for the accumulated waste or refuse rock about a mine.
Naphtha—A highly volatile liquid form of hydrocarbon.
New Bed Sandstone—The former name for the Permian system ; it lies above the Carboniferous,

while the Old Red Sandstone lies below it.

Ifickel—One of the metallic elements. It is a white metal, having a lustre like silver, but in

its chemical relations it is more nearly connected with iron ; it is not, however,
susceptible to oxidise like iron, f>nd this is one of the properties which renders it so

valuable for plating this metal. It has recently been found to give great toughness
to steel, a most valuable property. Nickel is found most abundantly as a sulphide,

associated with iron and copper.
Nodule—A concretion in a softer matrix, as the kidney-stones found in clays almost every-

where. The bombs or kettles in the black shales of the Kaministiquia and Whitefish
valleys are onlj' great nodules. The flints of the chalk of England and the detached
lumps of clay-ironstone of the Carboniferous shales, etc., are other forms of nodules.

Nodules have generally formed themselves around some fragment of either organic

or inorganic matter as a centre or nucleus.
Nugget —A lump of native gold, silver, platinum, copper, etc.

Obsidian—Dark-colored volcanic glass, the product of volcanoes of later geological times. It

is a silicate of alumina, potash, soda and lime.

Ochre—Naturally occurring pigments, as yellow ochre or hydrated oxide of iron. Blue, green,

red, etc., clayey mixtures which may be used as coarse paints are also called ochres.

Ochre is also used as a mineralogical term for certain decomposition oxides as

bismuth, chrome, antimony and cobalt-ochres.
Old Red Sandstone—See Neiv Bed Sandstone.
Oligoclase—Soda.-\iTae felspar ; a silicate of alumina, soda and lime. Crystallisation, triclinic.

See Felspar.
Olivine—An earthy looking olive-green mineral occurring in many trappean rocks.

Oolite—A limestone composed of small round grains resembling fishes' eggs, hence the

name.
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0/wt7—A gem composed of silica with from 5 to 10 per cent, of water having a "pjay of

colors" or refiecting rainbow-like colors with a brilliance or "fire" that gives to

sound pieces a erreat value. Generally white and having a hazy or milky translucency.

Opalescent—Resembling opal.

Open-cutting—Ov open-cast. A cutting or excavation in a mineral deposit or for the purpose
of reaching one.

Ore—Properly speaking, combinations of metals with other substances, but also applied to

the matrix from which native metals such as gold, silver and copper are extracted.

Sometimes also apj^lied to other minerals won by mining, as apatite, barytes, etc.

Orj/a 71 if—Having organs for carrying on vital processes. Animals and plants are thus
organised as distinguished from minerals or inorganic substances. When these
o>'gans or organic structures become mineralised they are fossils or organic remains.

Orlhoclase —Pota,sl\ felspar; a silicate of alumina and potash. Crystillisation, monoclinic.
See Fehpar.

Outcrop— See Crop.
Outlier—A portion detached from the main body, an island, as it were, surrounded by some

other kind of rock.
OierZa^j—When strata extend over an ancient foundation further than those immediately

preceding them, this extension is called an overlap.
Overturned—Where strata have been highly tilted till they pass the perpendicular, so that

the lower fall becomes turned upside down, they are said to be overturned.
Oxide—A compound of the element oxygen with another element or other elements.
Pala'ontologt/ —The study of ancient life, especially of animal remains, that of plant remains

or fossil botany being called palteobotany.
I'ala'ozoic—The second of the five grand divisions, periods, or ages of the rocks of the earth's

crust ; so called from containing evidences of the most ancient life on the planet.
The Palaeozoic period includes (in ascending order) the Cambrian, Silurian, Devonian,
Carboniferous and Permian systems.

Paroxi/ihi—III geology, any violent or sudden natural occurrence, as a volcanic eruption, a
sudden flood, etc.

Parting—A thin layer separating greater masses of rock, u>ually beds, as a parting of shale
between beds of sandstone or limestone.

Patchy — Distrihated in patches or in an irregular manner as when ore occurs in bunches or
sporadically.

Peat—A mass of vegetable matter formed in bogs and marshes. Its principal constituent is

sphagnum moss, but rushes, reeds, sedges, grasses, algte, etc., may al.so contribute.
Peat sometimes accumulates to considerable depth ; the lower portion becomes black
and dense and is used for fuel. The rotten wood found in the bottoms of swamps is

not peat, properlj' speaking
Pegmatite—A. very coarse variety uf granite, compo-sed principally of quartz and crystalline

felspar, but often holding sheets of mica. It usually forms great veins or enlarge-
ments of veins cutting mica-schist, gneiss, etc. Formerly applied also to finer

mi.xtures of quartz and felspar, called binary granite, now known as granitite and
quartz-felspar rock.

Pc;v/ii((n .s'y*-^c//i—'l'lie system next above the Carboniferous; formerly called the New Rod
Sandstone; the Devonian or next system below the Carboniferous being the Old Red
Sandstone. This name (introduced in 18U by Sir Roderick Murchison) is derived
from the guvernment of Perm in central Russia, where the system is well developed.
There, as in the north of England, it is made up principally of red sandstones.

Petrify—To become stone. Organic substances, such as shells, bones, wood, etc.. embedded
in sediments, become converted into stone by the gradual replacement of their
tissues, particle by particle, with corresponding amounts of infiltrated mineral
matter. Thus not only the outward forms but even the minutest details of the
organic tissues are preserved.

PctroUum- L)r rock-oil; liquid hydrocarbon. Formed in large tjuantities in some rocks
which contain organic matter.

PetrologySee Lithology.
Petrosilcc—A. compact silicious felsite, having a fracture like jasper but distinguishable from

it in being fusible before the blowpipe.
Phenomenon—In science, any natural occurrence or appearance.
Phosphate of Limc—Hee Apatite.
Pillars —Fort\ons of the vein or bed left standing to support the roof.

Pinched— Where a vein narrows, as if the walls had been squeezed in. When the walls meet
the vein is said to be pinched out.

Pitchstonc —A da,r\<. glassy or pitchy looking igneous rock, occurring as dyke*, and also as
beds wh.'c'.i have Howed upon the former surface. It is a natural glass with splintery
fracture, although translucent only on thin edges, and has the composition of felsite.

Placers—Gold-bearing sand and gravel deposited on the bed-rock.
P/ayioc?aic—The triclinic felspars are called collectively plagioclase. The principal triclinic

felspars are albite, anorthite, iabradorite and oligoclase. As constituents of rocks
tht-y occur generally in small crystalline grains, and without a miscroscopic examina-
tion it is difficult to distinguish them in this form from one another ; heuce this terra
is very convenient for use in the field.

Plaster of Paris—A plaster made from gypsum by grinding and calcining it ; so called from
its manufacture near Paris in France. In Canada this term has been adopted for

gypsum in any form.
Plastic C/a^v— In England, applied to certain clays of the Eocene system, but in general

means clay suitable for moulding into any form.
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Pleistocene System—Or Post-Pliocene. The system which succeeds the Pliocene. It embraces
the remains of a few extinct species of animals, especially of mammals, while those
of the Recent belong entirely to species still living.

Plicated— Folded together, as in highly inclined and contorted strata.

Pliocene System—The uppermost of the Tertia.ry systems ; divided into the Older Pliocene,,

in which from 35 to 50 per cent, of its embedded species are still living, and the
Newer Pliocene, in which the proportion is fn)m 90 to 05 per cent.

Plumbago—See Graphite.
PZumia^moMS—Containing plumbago, as plumbaginous schists; some crystalline limestones

are also plumbaginous.
Plutonic Rocks—Igneous rocks which have cooled at a considerable depth from the .surface-

and under great pressure. See Igneous.

Pocket—A single mass of ore which may be of any size. When a vein carries ore in isolated
masses with much dead ground between them it is said to be pockety.

Porphyry—Any massive I'ock with crystals distinct from the matrix. Typical porphyries
are however those which have a felspathic ground-mass or matrix with a compact
or flinty texture and holding disseminated crystals of felspar. Quartz-porphyry
contains a considerable proportion of quartz in addition to the felspar, and crystals
of both minerals are scattered through it ; but where no such crystals occur and the
whole mass is compact, it forms a variety of felsite. Porphyry was originally

'
applied to a red syenite with distinct felspar crystals from Upper Egypt, and all

similar rocks are still included among the porphyries.
Porphyritie— Resembling porphyry.
Post Tertiary Period— AAso called Quaternary. The newest of the five grand divisions of

geological time. It includes the Pleistocene or Post-Pliocene and the Recent or
Prehistoric systems, which bring us up to the present or historic time.

Pot-holes—Kettles ; circular holes sometimes much deeper than wide, worn into the solid

rock at falls and strong rapids, by sand, gravel and stones being spun round by the
force of the current.

Potstone —A coarse or impure variety of soapstone ; so called from being easy to cut into
pots owing to its softness.

Precipitate—When a substance, held in solution in a liquid, is thrown down in a solid form
by the addition of some other substance in solution, the resulting solid is called a
precipitate. When a substance held only mechanically in suspen.sion in a liquid
settles to the bottom it is called a sediment.

Prill—A good sized piece of pure ore.

Primary—See Palceozoic.

Primitive—See Archecan.
Primordial—The name given by Barrande to the oldest fossiliferous rocks as developed in

Bohemia. Tt corresponds with the British Cambrian. •**

Prospector—A person engaged in exploring for valuable minerals, or in testing supposed
discoveries of the same.

Protogene—A variety of granite in which talc takes the place of mica ; so called by the
French, who supposed that it was the first-formed of the granites. The granites of
Cornwall, England, which decompose and yield kaolin are of this kind.

Pseudomorph—False form ; the name given to crystalline forms of a composition not proper
to such forms. They may be mere casts, occupying cavities from which crystals have
been dissolved, or they may have replaced other crystals particle by particle by
some slow process.

Pudding-stone— Conglomerate.
Pumice—A very light porous and vesicular lava which will float on water ; a sort of volcanic

froth. Its color is generally whitish or light gray.
Pyrites—See Iron Pyrites.

Pyrolusite —Black oxide of manganese; used for making oxygen.
Pyro-schists—Bitummows shales which yield hydrocarbon oils and gases on distillation.

Pyroxene—See Augite.
Pyrrhotite—See Iron Pyrites.

Q'lartz—A common mineral occurring in a great variety of forms. It is composed of the
elements silicon and oxygen. It crystallises in the hexagonal system. The trans-

parent colorless variety, which is the purest form, is called rock-crystal. White or
milk quartz is a very common vein-stone. Gold occurs most frequently with quartz,
but only a small proportion of quartz veins contain gold. The numerous varieties
of quartz may be classified in three groups : (1) the vitreous, like rock crystal, rose
quartz, amethystine quartz, etc. ; (2) the chalcedonic, like chalcedony, charnelian agate,
fiiiit, etc.; (3) the jaspery, like jasper, bloodstone, lydian stone, etc.

Quartzitc—Quartz-rock ; a rock composed of grains of quartz cemented, or as it were fused

together by the same substance. Quarzites are indurated sandstones ; they often

contain grains of felspar. Among the Huronian rocks, great belts of quartzites occur
from lake Huron north and njrthe.iatward, and on the northwest side of Hudson
bay.

Quaternary—See Post Tertiary.
Quicklime—WYit'n carbonate of lime (limestone) has been thoroughly calcined this results.

By the addition of water it forms hydrate of lime, thg proce-^s being called slaking.

Quicksilver—A common name for mercury ; one of the metallic elements, remarkable for its

low melting point, being liquid down to 40° Fah. below zero.

Race—An artificial canal for conveying water.
Range—A chain of mountains or hills ; also a belt or strij) of country within which certain

economic minerals are supposed to occur or run.
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Recent- The present geological time, although it extends back through a vast period of years.

All or nearly all existing species of animals have lived throughout the Recent epoch.

Reef—In mining, often applied to quartz veins or veins of any kind , also to solid or fixed

rock in general, as opposed to loose materials,

itesm—Mineral Rtsin ; substances allied in composition to the resins of coniferous trees,

such as amber.
Reticulated—A net-like arrangement.
Ribboned—\Nhen the stratification of rocks is very distinct or strongly marked on a small

scale, as by contrast of colors, such as miy often be seen in gneisses, they are said to

be ribboned. When the lines of contrast are on a larger scale they are said to be
banded.

Riddle -A box or vessel with a perforated bottom, used by alluvial gold miners for separating

out the coarse gravel.

Riffles—^ee Ripples.

Ripples - Grooves or bars across sluices for washing gold.

Ripple-mark—The wavy surface of some beds of sandstones and mudstones, produced by
geatle movement in shallow water when these rocks were in a soft condition.

Roches moutonnecs— Rounded hummocks or bosses of rock like whales backs, smoothed and
striated by glacial action.

Ruck— Qon^vaonly used to indicate any stony substance occurring in nature, but geologists are

obliged to extend its meaning so as to include almost everything which enters into

the composition of the earth, even if the material be soft like marl, clay or sand.

Rocks generally consist of mixtures of different minerals, although some, such as

limestone, serpentine, quartzite, etc., are composed almost entirely of one mineral
species. See Mineral.

Rock-Basin—A depression or basin-like excavation in the solid rock, sometimes of great
extent. Nearly all of our numerous lake*, even the large.st of thero^, are entirely

surrounded by solid rock or lie in rock-basins.
Rock C'-f/s<a/—Transparent, colo'less quait/.
R(jck-Salt—Common salt occurring in nature ia solid beds or rock-masses.
Ruttcn-Stone—A soft light earthly substance, consisting of silica in fine grains, resulting from

the decomposition of silicioas limestone.
Royalty—A rate or duty payable to the Government or to individuals on the produce of a

mine.
Rutile—A mineral consisting of oxide of titanium. It is found associated with titaniferous

iron oi-es and occasionally in mica-schist, granite, etc.

Sandstone—Hock composed of sand more or less consolidated or cemented together.

SaCGharoidal—}ia,\-ing the texture of loaf sugar, as fiae-grained crystalline limestone or

marble.
Scale of Hardness—The relative hardness of minerals is one of their most convenient tests.

There are tt^n degrees. See Hardness.
Schist—Crystalline foliated rock, splitting into irregular lenticular or wedge-shaped plates.

There are many kinds of schist, such as chloritic, talcoid, dioritic, mica, hornblende,
etc. See Slate and Clcai'if/e.

Seam —This word was once used to indicate the divisional plane or line between beds of rock ;

it now applies to the bed itself. It usually indicates a bed of a different kind from
the others with which it is associated, as a seam of coal.

Secondary—See Mcsozoic.
Section -In geology either a natural or an artificial rock-cut, or the representation of such on

paper.
Secula-1—Relating to an age or vast period of time.

Sediment—Any matter such as mud, sand, etc., which has settled down from susi)-»nsion in

water. Most stratified or sedimentary rocks have been found in this way, although
some, as certain limestones and dolomites, have been precipitated. See Frccipiiatc.

Segregation—A process by which mineral matter has been transfused or exuded into veins

and openings, especially in crystalline rocks.

Selenite—Gypsum in transi)arent crystals.

Septum—A division or partition, such as those in an (3rthoceras.

Sequence— Following, succession, coming after, continuation.
Sericite—A talc-like hydrous mica (nuiscovite) occurring in small scales and forming sericitic

schist, which is also called talcoid schist, and often spoken of by prospectors as

talcose schist, but this term proi)erly applies to schists composed largely of talc,

which are much rarer.

Scries—In geology, a group of rocks in a certain order or succession, or a set of beds having
something in common. See page 3.

Serpentine—A comi>act rock, rather soft or sectile, with a conchoidal and splintery fracture

and waxy lustre. When powdered has a gi'easj' feel. Capable of a high iwlish and
is called marble. Translucent on thin edges. In color, it has various shades of

green, generally dark and leek green, often spotted or veined : these are calieil verd-

antique ; also brown, red, yellowish, etc. Composed of hydrated .-silicate of magnesia
and a little iron. The n\me has reference to its colors, suggestive of those of snakes.

Shaft—A deep pit or hole sunk through earth or rock for tlie purpi>se of reaching minerals.

Shafts are generally rectangular in cross section, and perpendicular or approximately
so. If they underlie far from the perpendicular they are called sloi>es.

.Sifeak—Fissile argillaceous rojk, splitting with the bedding as distinguished trom slat •. which
cleaves in parallel planes independent of the bedding. Shales are general y softer

than slates. There are many varieties, as ordinary argillaceous or clayey sh .le, bitu-

minous (like the Utica) shale, arenaceous, ferruginous, calcareous, etc.
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Shaking-Tahlf—A slightly inclined table t which a lateral shaking motion is given by means
of a small crank or an excentric Water is allowed to flow over them and they are
covered with copper plates coated with nierci;iy for the purpose of amalgamating-
gold or silver. Thej' may also be provided with rijjples and used in separating
alluvial gold.

Shell-Marl— A. light colored calcareous deposit in the bottoms of small lakes, composed largely
of dead fresh water shells, but apparently also to some extent of precipitated carb-
onate of lime and the hard parts of minute organisms ; U'^ed for manure.

Shift—The time during which one set of men works in a mine. There are usually two shifts
of 10 hours each in the 24 hours, but-when great e.Ki)edition is required three shifts
of 8 hours each may be worked.

Shingle -Rounded stones and pebbles larger than gravel and smaller than boulders, forming
ancient or modern benches.

Shoot—An inclined wooden spout or slide for sending down ore or rock ; also tlie richest ore-
streaks in a vein, which in the profil-; of the vein miy run at any angle to the
horizon.

Sickening of Quickffilrer—See Flouring.

Silica—Silex. The same in composition as quartz ; used more freqiii^ntly in chemical lan-

guage for this substance
Silieious—Relating to silica.

Sitirijied -Made into silica. Organic remains, both plant aad animal, are often thus con-
vert d.

Silt Mud, fine sand, etc., deposited m harbors, estuaries, lagoons, etc., from the slacking of
the currents which had borne them along.

Silurian S/i-stem—The second system, in ascending order, of the Palfeozoic period. See
page 40.

Sink-holes -When rocks such as salt, gypsum or limestone have been locally dissolved awaj%
tlie earth may .^ink and form a cup-shaped basin, to which this name is given.

-SmuoMS—Curving, winding.

Skid—A wooden beam, scantling or other timber used for sliding heavy weights uiion.

Skimping -fee Jigging.

Slab -A wide flat stone : the outside cut off a log of wood in saiving it into planks.

Slide—See Fault, Dislocation.

Slikenside.i—A miners' term for the smoothed and striated surfaces often found on the wall.'>

of veins and in faults, produced by the movement or rubbing of one mass of rock on
another, under great pressure.

Slip—Hee Fault and Dislocation.

Slope—See Shaft.

Sluice-Box—A long trough or flume with ripples for catching alluvial gold when the earth is

washed down it by water.

.S^/ja?' — Crystalline veinstones which break along cleavage planes, as calcspar, fluorspar, felspar,

bitter spar, heavyspar, etc.

Specific Gravit)/ -In regard to solids, means their weight relatively to an equal bulk of water
at a temperature of GO'" Fahr.

Specimen —Troper]}^ speaking, a sample of anything ; but among miners it is often restricted

to selected or handsome minerals, as fine pieces of ore, crystals, or pieces of quartz
containing visible gold.

Specular— Mirror-like, as specular iron ore, a variety of hematite.

Spur—An ott'shoot or branch vein ; a subordinate range of hills or mountains connected with
a main chain.

Stalactites —Tapering, or icicle-shaped projections of travertine hanging from the roofs of

caves or fissures formed by the dripping of lime water.

Stalagmites— <Ji the same conaposition and form as stalactites, but have grown upward
from floors of caves, etc., on which lime-water has dripped.

Stamper Box—See Mortar Box.

Stamp Head —A heavy and nearly cylindrical cast iron head fixed on tlie lower end of the
stamp rod, shank or lifter to give weight in stamping the ore. Tlie lower surface of

the stamp head is generally protected by a cheese-shaped " shoe " of harder iron or

steel which may be removed when worn out. These shoes work upon " dies " of the
same form laid in the bottom of the mortar or stamper box.

Stamp Mill—A mill for stamping ores ; used for reducing those of gold, silver, tin, copper, etc.

Stanniferous —Carrying tin.

Steatite—Or .soapstone ; a massive variety of talc ; a very soft rock having a soapy or greasy
feel ; it is a silicate of magnesia with a little water.

Stockwork —Or Stockwerke. A thick mass of reticulating metalliferous veins, the country-

rock between them being also charged M-ith pockets and impregnations of ore.

Stockworks have .seldom any great length in proportion to their width. They
may be described as indefinite aggregations or accumulations of ore of a general

lenticular form, but apt to recur, especially in depth as if connected with some line

of fracture.

Stone Age—The period when man used impleir ents of stone instead of metal.

Sto7ie of Ore—A piece of ore.

Sloping— When a mine has been opened by sinking shafts and driving levels (called simply
"sinking and driving") the next process is to stope out the ore, which consists in

excavating it either upward from the roof of each level, called overhand sloping, or

downward from the floor, called underhand stoping. The latter requires all the

material to be removed out of the mine, whereas by the overhand process the refuse

may be left su orted on stulls or flooring made of timber.
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Stratification—Relating to the arrangement in strata or layers.

Strdtigiriphv—The description of stratigrajihical arrangement, or its delineation on a map.
Stratum — A. bed or layer of rock ; strata, more than one layer.

Streak—The color of a mineral when scratched. When a mineral is rubbed on a surface of
iinglazed porcelain the streak is well brought out.

Stria'—Fine parallel lines, either grooves or ridges.

Strike—The course or bearing of ihe outcropping edges of inclined strata in reference to the
horizon, or in other words the strike is the intersection of the jilane of the bedding
with the horizontal plane. It is tlierefore at right angles to the dip.

String—A very small vein, either independent or occurring as a dropper or branch of a larger
vein.

Stripping —Removing the earth or rubbish from the outcrop of a vein or from any rock

-

surface.

Structure—The arrangement of rock-masses, such as their being bedded, jointed, slaty,
schistose, basaltic, columnar, etc.; also the attitude of rocks and their positions
relatively to each other.

Stall—The platform or flooring of timber fixed between the walls of a mine in overhand slop-
ing for receiving the refuse rock.

Subsidence—A sinking down of a part of the earth's crust.

.S'Mr/t/3—A deepening at the bottom of a shaft to receive the drainage of a mine, and from
which the water is pumped.

Superficial Deposits- Deposits forming the surface, mostly of a soft or incoherent character.
In Canada they include the Pleistocene or Post-Pliocene and Heceut deposits.

Superposition—The order in which rocks are placed above one another.
Surjace Gcologt/—The geology of the superficial deposits and of the surface of the funda-

mental rocks.

Sivab-sticic—A stick frayed out at one end; used for cleaning the sludge out of holes in pro-
cess of being bored for blasting.

5'i/cni<f'—Originally applied to a reddish crystalline granitoid rock from Syene in Egj-pt, con-
s'sting of felspar, hornblende and quartz, now called quartz-syenite, while syenite
has come to mean a crystalline granitoid rock consisting of felspar and hornblende
without quartz.

Si/nelinal—When stratified rocks dip from opposite sides towards a common line the arrange-
ment is called a synclinal ; the reverse of anticlinal.

Si/stem—A great series of strata having some general character in common. As a division of
the rocks of the earth's crust, the system ranks next above the formation iu compre-
hensiveness. Formations are somewhat local divisions and many of them can only
be recognised in one country, 'whereas the systems are sufficientlj- comprehensive to
be rec )gnised in all parts of the world. The systems in ascending order are Lauren-
tian, Huronian, Cambrian, Silurian, Devonian, Carboniferous, Permian, Triassic,
Jurassic, Cretaceous, Eocene, Miocene, Pliocene, Pleistocene and Recent. See p. 3.

Tailings—The fine waste material from jiggers and crushing mills. That from the latter is

carried out by water and is as fine as sand.
Tail-race—The channel for carrying ofl' the spent water of a mill or from a washing process.
Talc—A very soft mineral, being 1 in the scale of hardness ; occurs in laminae like tuica, but is

not elastic ; has a jjearly lustre and greasy feel
;
prevailing color, greenish : is a silicate

of magnesia ; enters into the composition of talcose schist, soapstone or steatite, the
variety of granite known as protogene, etc.; is used in the manufacture of crayons,
crucibles and i)orcelain.

ytiicou/—Resembling talc, as talcoid schist. See Sericite.

Ta/cosc—Containing talc ; as potstone, steatite and talcose-schist.

Talcose Granite—See F^-otogrnc.

Talus—In geology, the sloping mass of fallen rocks accumulated at the base of a clitf or
precipice.

Tamping—The crushed rock or other material which is hammered tightly down over the
explosive in a drill hole for blasting.

Tamping Bar—An iron bar, shod with copper to obviate striking fire, used for driving down
the tamping.

Tar— ^oft pitch or thickened petroleum, found in cavities of some limestones, as those of the
Corniferous formatiim in Ontario, also in those of the township of Keppel west of
Owen Sound. Along some parts of the Athabasca river, in tlie North-west territory,
much mineral tar has exuiled from the rocks.

Ter7-a Cotta -The "baked earth " of the Itahaus. Kiln-burnt clay assuming a peculiar
reddish-brown color fashioned into vases, statuettes and otlier mouldings.

Terra Sienna —Hee Ochre.

Terrace —A nearly level shelf of land abutting on higher ground and dropinng oflt suddenly
on the lower si ie. This steep bank is due to the former wearing action of some
body of water wliich cut it away.

Terrain—A gvonp of strata, a zone, or a series of rocks. This word is used iu the description
of rocks in a general, provisional or non-connnittal sense.

yeritrtr.v /•<>/((></ or .4,7(- .\lso called the Cainozoic. The third grand division of geological
time above the Azoic or the fourth in all. It comprises (in ascending order) the
Eocene, Miocene and Pliocene systems.

Tessellated—A surface divided in squares, or figures approaching squares, by joints or natural
divisions.

Texture—The coarseness or fineness, character, arrangement, etc., of the component grains
or ijarticles of a rock.

Thread—An e.\tremely small vein, even thinner than a string.
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Throw—Use Fault and Dislocation.

Till— The Scotch name for hard-pan, boulder-clay, or the unstratified stony clays of the
drift formation ; a convenient term now generally adopted by geologists for these
deposits.

Titaniferoua -Carrying titanium, as titaniferous iron ore. See Ilmenite,

TitanUe—Or sphene ; a mineral consisting of silicate of titanium and lime, generally darkfy
colored, occurring among the Upper Laurentian rocks.

Tourmaline—A mineral occurring in long, usually striated prisms in the ancient crystalline

rocks ; generally dark in color, harder than quartz and complex in composition, but
consisting principally of silicate and borate of alumina with some iron, magnesia,
lime, fluorine and different alkalies.

Trachyte—A. volcanic rock or lava common in Tertiary and Post-Tertiary times, consisting
principally of a glassy variety of orthoclase called sanidine and some triclinic felspar,

together with hornblende, mica, magnetite, etc. It is characterised by its rough
fracture

.

Transition—Intermediate. A terra used by the older geologists for rocks which came
between their better defined divisions ; but little used at present.

2Va»i.s^ucen< — Admitting the passage of light, as milk-quartz, but not capable of being seen
through.

Transparent—lilh.2Xvaz.Y be seen through, as rock-crystal, Iceland-spar, selenite, etc.

Trap —A general term for igneous rocks, such a.s the greenstones, basalts, amygdaloids, most
porphyries, etc., but too indefinite for modern geological language.

Tremolite—A. w&viety oi hornblende in radiating or columnar aggregates, generally light

colored, with pearly lustre.

Triassic St/stem—The first or lowest system of the Mesozoic or secondary period.

Trilobites—A family of crustaceans, so named from their bodies as viewed from ab^'Te being
divided longitudinally into three lobes. They embrace many genera and species ;

are most abundant in the Cambrian and Silurian systems, dying out in the carboni-

ferous ; so that rocks in which the remains of these creatures are common may be
pronounced to be below the coal-bearing strata.

Tribute!—One who works a mine or mineral deposit for a share of the product.

Trouble—See Fault.

Trough—In geology, synonymous with Basin and Synclinal, which see.

Truck—A small tram-car for carrying coal, rock or ore along a level in a mine, or out to a

shoot or a dump. Also goods paid instead of money for wages.

Tafa—Any ojjen, porous or vesicular mass, as volcanic tufa, calcareous tufa, etc.

Tunnel—A level driven from the side of a hill, etc., into a mine, or driven within the mine ;

'

: M equivalent to adit, level, gallery, etc.

Truncated—Cut or broken off abruptly.

Turtle-Stones—Large nodular concretions found in certain clays and marls. In form they
have a rough resemblanje to turtles, and this appearance is increased by their being

divided into angular compartments by cracks filled with spar, reminding one of the

plates on the shell of a turtle. They are common in the cretaceous marls of the

North-west territories.

Unconformable—See Conformable.
Unctuous—A greasy feel such as that of soapstone, powdered serpentine, certain clays, etc.

Underlie—The inclination of a vein from the perpendicular, whereas dip is the inclination

of a bed from the horizon.

Undisturbed—Rocks which lie in the positions in which they were originally formed. See

Univah'e—A moUusk having a single shell. A bivalve mollusk has two shells.

Unstratiiicd—Rocks which are not in beds or strata, as granite, syenite, greenstone, etc.

Upheaval- -A. lifting up, as if by some force from below, of stratified or other rocks.

Upthrow—An upward displacement of rock along a line of break or fissure.

yein— A. fissure, a contact-space, or a gash which has been filled with mineral matter. After

a rent or fissure has been formed in solid rock, there is usually some dislocation, so

that a space is left between the walls. This gives rise to the fissure vein. Similarly

a movement or dislocation along the contact of two different kinds of rocks gives

rise to the contact vein. A gash vein terminates in a thin edge in all directions or

has a lenticular form, and is only exposed so that it may be discovered by a natural

section of the rock formed either by the surface of the ground or by a cliff.

Veinstone—The mineral matter filling a vein, exclusive of the ore. See Gangue.
Veined—Marked or streaked with veins or lines of color in various directions, as some marbles.

Verd-antique Marble—A variety of green serpentine with patches and veins of white calcspar

and capable of a fine polish. Abundant In the Eastern Townships, province of

Quebec.
Vermilion—A bright red pigment consisting of the sulphide of mercury. See Cinnabar.

Vertebra—A joint of the backbone of any vertebrate animal.

Vertebrata—One of the provinces or primary divisions of the animal kingdom.
FcstcM^r— Containing little bladder-like cavities, such as some lavas.

Vitreous—Like glass.

Vitrify—To make like glass.

Fe/^anic—Pertaining to volcanoes. Volcanic rocks are those of igneous origin formed at or

near the surface, such as lava, amygdaloid and volcanic ash ; whereas igneous rocks
" formed at a depth and under pressure are generally crystalline and are called

plutonic. See Igneous.

WaUt of a Vein—See Foot Wall ; also Hanging Wall.

Wash i)irf—Gold-bearing earth worth washing.
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Water-shed—The height-of-land or divide from which the natural drainage of a district flows
in opposite directions.

Weatherimi—The change which the surface of a rock undergoes by exposure to weather.
Whim—A large drum for winding rope, revolving horizontally and kept in its place by a

frame-work. It is worked by a horse or horses attached to a long horizontal beam
placed under the drum.

TF^ (7?—Whin-stone or whin-reck. The Scotch name for hornstone. In Nova Scotia the
miners apply this term to a thick-bedded rock composed of grains of quartz with
argillaceous or felspathic matter which might be called a greywack^.

Whip—A beam over a shaft, with a pulley and rope for raising or lowermg a bucket or kibble.
This IS done by means of a horse going forward and laack again.

Winze—An opening sunk from one level or drift to another, but without extending upward
to the surface like a shaft.

Zeolites—A numerous family group of minerals, found chiefly in volcanic rocks. In com-
position they are allied to the felspars, but contain water in addition.

Zinchleniie—Natural sulphide of zinc. A crystalline mineral with a bright resinous lustre
;

generally of resinous or dark color
;
gives a white streak. See Jilende.

Zircon-A hsLvd and heavy mineral found in granitic rocks. It consists of silicate of the
metal zirconium. The commoner varieties are generally of a reddish-brown color.
When transparent it is prized as a gem.

y^one—In geology, used in the same sense as horizon, to indicate a certain geological level or
chronological position, without reference to the loc;jl attitude or dip of the rock.

35(M.c.)
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Allan, William A., explorer, Ottawa, Oct. 15 150, 178, 424

Andrews, Francis, mining captain, Sudbury, Ausf. 15 104, 232, 241, 311, 426

Babcock, John, prospector, Sudbury, Aug. 13 — 105, 311, 426

*Bacon, D. H., manager mining company, Tower, Minn., Aug. 29 125
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Abittibi lake, iron. 23 ; Copper, 24.

Abittibi river, lignite, 70.

Actinolite or fibrous serpeutine, .31, 52, 73 : Manufactured at Bridgewater, 79, 86, 87 ; Market for, 87.
Acetate of lime, 88.

Ada G^. gold mine, 116, 117.

Adam's lake, iron, 140.

Addington, mica, 149 : Iron, 130, 205 ; Phosphates, 436, 437 ; Gold, 112.
Agates, 39, 61, 205.

Aids in studying minerals, 448.
Alabastine. .See Gypsum.
Alabastine company, gypsum, 119, 121, 122.

Albite, 442.

Alaska, gold mine (Treadwell) contrasted, 27.
Albany river, 5 ; Iron, 23.

Algoma sand, 4, 51.

Algoma and Nipissing district, niinerals, .59, 99, 113, 143, 233 ; Needing free trade, 231.
Alumina, 444.

Amethjst-, Gl, 205.

Anglo-Canadian Phosphate companj', 175, 440.

Animikie formation, 31, 66, 68 ; Geographical distribution, 32 ; Silver bearing. 33. 36.
Animikite, 33. ~

Antimony, 30, 118. 209, 243, 244, 459, 525.

Antler river, iron, 22, 61, 123, 144.
Apatite, 436. See Phosphate of Lime.
Appendix, 431.

Argyle, gold mine. 65. 118.

Amprior, marble, '69, 76, 82 ; Iron, 129, 137.

Arrow lake, silver. 205.

Arsenic, 30, 72, 113, 116, 117, 181, 404, 205, 444 ; Statistics of, 72, 210, 243.
Artemesia gravel, 4, 51.

Asbestos, 31, 57, 205, 243, 525.

Assumption river, nickel and cobalt, 443.

Attic-Okan, iron deposit, 123, 144.

Attrill's salt well, Goderich, 185.

Austin copper mine, with m.ap, 92.

Austria-Hungary, mining laws of, 297 ; Mining academies in, 513.
Azoic period, 6.

Badger silver mine, 35, 62, 63, 193, 198, 199, 200, 203, 428.
Bagot iron, 128, 135, 136, 140.

BaUarat School of Mines, 521.

Bancroft, iron, 53.

Barr's phosphate mine, 440, 441.
Barrie (Frontenac) marble, 69, 80.

Barytes, 31, 53, 205, 243, 525.
Basswood lake, iron, 144.

Bastard, sandstone in, 80.

Batchawana bay, minerals, 26, 60 ; Sandstone, 40 ; Iron, 23.
Bathurst, iron, 135, 137, 138, 140 ; Barytes, 53.
Battle island, copper, 36.

Beachville lime, 55.

Beaver Mountain Silver mine, 33, 35, 62, 63, 67, 192, 196, 197, 198, 199, 200, 203, 203. 428.
Bethlehem Mining company, 134.
Beck or Silver Harbor mine, 33, 34. 198.
Bedford, iron and plumbago, .52, 128, 134 ; Mica, 150 ; Phosphate, 170, 172. 174, 175. 176 : Iron company,

133, 134, 135, 233.
Belgium, mining laws of, 298.
Bell's iron locations, 129 ; Phosphate, 438. 441.
Belmont mine, 127 ; Estimates for iron furnace at, 334.
Bennett's lake, iron, 138.

Beverage lake, iron, 142.

Big Bear silver mine, 199.

Big Harry silver mine, 199.
Big Stone bay, gold, 117.

Bird's-Eye formation, 41.

Bismuth, 30, 62.

Black bay, granite, 62, 205 ; Galena, 10. 36. 38, 63, 147.
Black lake location, .52, 134.
Black Eiver formation, 41 ; Granite, 61 ; Molybdenite, 61.
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Blairton iron mine, 127, 130.

Blanche river, copper, 24.

Blast furnaces. See Smelting.
Blende. See Zinc.
Blende lake, zinc, 30.

Blessington phosphate mine, 172.

Blezard, copper, 24, 58, 89 ; Copper and nickel, 433.

Blyth, salt, 45, 185, 187.

Bob's lake, iron, 137 ; Phosphates, 167, 170, 174, 175, 176, 177, 437.

Bochum Mining School, 496. •

Bog ore. See Iron.

Bonner location, silver and nickel ore, 60, 61.

Bosanquet, fossils, 422.

Bothwell oil district, 160, 161 ; Salt, 55, l86.

boulder island, gold location, 118.

Boulders, origin of, 16.

Boyd Smith, phosphate mine, 53, 167, 172, 177, 439.

Brick. 72 ; Clay for, 73 ; Pressed, 78, 85 ; Statistics of, 212, 213, 229, 243.

Bridgewater, marble quarry, 75, 81, 82, 236 ; Actinolite, 79, 86, 87 ; Cement, 87 ; Mica grinding for IuImi-

cating, 87.

British Columbia mining laws, 273.

British North American Mining company, 98.

Bruce Mines, gold, 25 ; Copper, 23, 68, 8S, 92, 100 ; Value of output, 23, 91, 101 ; History of the mines,

92; System of working mines 9t; Deterioration of veins, 96; Extent of mining operations,

100,101; Shipments of ore, 101 ; Smelting works, .378, 402, 403, 401.

Brussels, salt, 54, 185, 188.

Buckingham, phosphate, 169, 178, 180.

Building stones, 41, 43, 45, 61, 72, 73, 74, 79, 80, 205 ; Statistics of, 72, 209, 210, 211, 213, 214, 215, 217, 228,

233, 243, 525.

Bureau of Mines, 407 ; Proposed work, 408 ; Equipment of the office, 411.

Burgess, mica, 148, 150, 440; Phosphate, 168, 169, 172, 173, 174, 175, 176, 177, 178, 180, 440 ; Barytes, 53 ;

Iron, 140.

Burnt island, quartz connection with Silver Islet, 35, 197.

Burnt river, iron, 52, 131.

Calabode mine, 128, 135, 136, 140, 233 ; No. 4, 128, 233.

Calabogie Mining Co., 136.

Calciferous formation, 41.

Calcite, 442, 450.

California School of Agriculture and Mechanic Arts, 506 ; College of Mining, 511.

Calumet mine, 36, 61, 67, 197, 455.

Cambrian system, 31.

Cameron gold mine, 110.

Canada Consolidated gold mine, 28, 106.

Canadian Copper Co., 58, 89, 103, 104, 239, 433.

Canada Gold Mining company, 171.

Canadian Granite company's works, Ottawa, 74, 75, 76, 83.

Capital invested in mining, 208.

Carleton Place, Ramsay lead vein, 41, 145, 146 ; Iron, 68,

Carriboo mine, 199, 200.

Cascade mine, galena, 29, 30, 147.

Cayuga, gypsum, 45, 119, 121 ; Cement, 55, 77.

Cedar lake, gold vein, 117.

Cement, 55 ; Tests of strain at Napanee, 77 ; Napauee works, 84 ; at Bridgewater, 87 ; Statistics of, 72,

213, 229, 243, 525.

Chabasite, 442.

Chalcedony, 442.

Chandler iron mine at Ely, 126.

Charcoal, 88, 215, 216, 217, 227, 243, 341, 356, 390, 391, 393, 396, 399, 409, 468, 480, 482 ; By-products of, 393,

481.

Charcoal iron, 328, 468. See Iron and Smelting.

Charles Jones copper location, 60.

Charleston lake, iron, 140.

Charlotteville blast furnace, 319.

Chazy formation, 41.

Chemung and Portage formation, 47.

Chisholm quarries, 73.

Chlorite, 442.

Chrome, 461.

Chromic iron ore, 243.

Clarendon, marble, 80.

Clausthal Mining Academy, 513

Clay, 243. See Brick, Terra Cotta and Kaolin
Clay ironstone, 47.

Clear lake, apatite, 439, 441.

Clear river, gold, 65.

Clear Water bay, gold, 118
Clinton formation. 43.

i
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Clinton, salt, 45, 185, 189.

Coal, 57 ; Statistics of, 209, 213, 214, 239, 243, 244, 525.

Cobalt, 30, 443, 458.

Coe iron location, 128.

Coe-hill iron mine, 123, 127.

Coffin, iron, ]43.

Coke, 212, 213, 215, 216, 217, 239, 243, 396.

Collection of minerals, 204.

CoUingwood, shale oil, 42 ; Natural gas, 151, 152.

Colorado mining laws, 280 ; School of Mines, 427, 509.

Columbia College School of Mines, 416, 423, 502, 509.

Comber, natural gas, 151, 156, 168 ; Petroleum, 156 ; Record of boring at, 186.

Combination gold mine, 116, ll7.
j • r i.v,

•

Commercial conditions, influence of upon the mining industry, 205 ; Extent and variety of the minera

resources of Ontario, 205 ; Eastern Ontario, 205 ; Northern region, 205 ; Imperfect knowledge

of our unexplored territory, 206 ; Value of the disputed territory, 206 ; Means of development,

207 ; Claims of the Port Arthur silver range, 207 ; A mining region of great promise, 208 ;
Exten-

sive iron deposits, 208 ; Mining capital and management, 208 ; Value of mineral products, 209

;

Ontario mineral exports, 210 ; Exports from Ontario by countries, 211 ; Exports by minerals, 211

;

Comparison with United States products, 212 ; Elements of a fair comparison, 212 ; Articles ehm-
'

inated from the Canadian table, 212 ; Table of comoarative production, 213 ;
Value of mineral

exports from Ontario and Canada, 214, 238 ; The United States our principal customer, 214 ;

Possibility of larger production, 215 ; Charcoal iron, 215 ; Coke iron, 216 ; Annual consumption of

iron in Canada, 216 ; Limits of production in Ontario, 217 ; Gold, silver and copper production,

217 ; Production of salt, 217, 228 ; Marble and building stone, 217 ; Some things the Dominion

Government might do, 218 ; Inter-continental and inter-provincial trade, 218 ; Geographical^ con-

ditions, 219 ; The energetic zone of the continent and Ontario's place in it, 219 ;
Ethnological con-

ditions, 220 ; Movements of population, 220 ; Economic conditions, 221 ; Experience under the
; '^-.i... i- «.,, 001 . T?^,il offo^fc rif o voci-T-i/^fiiro nnlii^TT 999 • f^nmmerp.ial and business COn-

producti„.. „- , , .
,

Canada, 225 ; Export of iron ore from Canada, 225 ; Iron ore shipments from Lake buperior mines,

226 ; How unrestricted trade would operate, 226 ; Charcoal iron produced in Michigan, 227 ; Copper

and'nickel, 227 ; Salt, 228 ; Structural materials, 228 ; Scope and results of inter-continental free

trade, 229 ; Mining industries of the United States and Canada contrasted, 230 ; Evidence and

statistics, 230 ; Influence of free trade with the United States upon the mining industries of

Ontario, 231, 232 ; English and American capital and management, 231 ; Effects of the duty on

iron ore, mining machinery and salt, 231 ; United States market for lead ore, 231 : iJuty on

machinery, 218, 232 ; Capital, markets and railway communication necessary, 232 ; Capital invested

in mining'enterprises, 233, 235 ; American capital and market required, 233 ; American and European

markets, 234 ; Value of the United States market for iron ores, 234 ; Sewer pipe, 235 : INIarble and

sandstones, 235, 238 ; Market for Madoc marble, 235 ; Granite, 236 ; Salt wants a larger market,

236 ; United States and English competition in salt, 237 ; Canadian market too limited,

237 ; No prospect of working Haliburton minerals without an American market, 238 ;
Ways of

fostering and injuring the mining industry, 238; Customs duties and exactions, 238, 239 ;
Bounty

on production of ores and metals, 238, 239 ; Construction of roads and railways, 232, 239, 240,

241, 242 ; Promising work stopped for want of railway communication, 240 ;
Minnesota iron

range railway, 241 ; Money subsidies preferred, 242 ; Railway extension has cheapened minerals, 242 ;

Land subsidy for railway construction, 242 ; Table i, Mineral productions of Canada in 1886 and

1887. 243 ; Table ii, Quantity and va^ue of mineral exports from Canada, 244-245 :
Table iii,

Imports of iron and steel manufactures, (by quantity) 246-248 ; Table iv, Imports of iron and steel

manufactures, (by value) 249-254 ; Canadian consumption of iron, 397 ; Balance of trade, 397

;

Values of imports by classes, 398 ; English duties on bar iron, 399 ; Mineral productions of Canada

and the United States in 1888, 524, 525.

Commission, text of the, vii.

Consolidated gold mine, 72, 106 ; Description of, 107, 110 ; Extracting ore from tailings at, 111.

Consolidated Silver Islet companj, 196.

Consumers' oil refinery, 164.

Contents, iii.

Copper, 10, 118, 217 ; First discoveries, 23, 92 : in Bruce Mines and Sudbury regions, 23, 24. o6, 58, 59,

60, 63, 67, 68, 88, 205, 403, 425, 433 ; Value of the output at Bruce Mines, 23, 91, 101 ; Copper

and nickel, 23, 88, 205, 227, 444 ; A copper belt, 24 ; Native copper on lake Superior, 36 : on the

North Shore, 36 ; on Michipicoten island, 39, 60, 98 ; in Temagami region, 56 ; in lake Superior

region, 61 ; Quartzose veins, 97 ; Sudbury mines, 88 ; Vermilion mine, 89 ; Krean's location, 89 ;

Stobie'mine, 89 ; Copper- cliff mine, 90 ; Evans mine, 90 ; Wallace mine, 90 ; Bruce and Welling-

ton mines, 91, 100, 101 ; Austin mine, with map, 92 : Mining in the lake Superior and lake

Huron districts, 92 ; Mamainse location, 98, 102 ; Extent of the copper bearing countrj', 99 ;

Probability of further discoveries, 99 ; Conditions necessary to profitable mining, 99 ; Shipments

ot ore, 101, 102 ; Lady Macdonald mine, 104 ; Graham township locations, 105 : at Straight

lake, 106 ; Statistics of, 72, 209, 210, 211, 213, 214, 218, 243, 244, 525 ; The duty on, 231, 232 ;

Smelting of, 370, 374, 380, 403, 404, 405 ; Qualities of the metal. 455.

Copper-bay location, 23, 94. 97.

Copper-cliff mine, 24, 68, 90, 103, 101, 405, 433 ; Smelting furnace at, 378, 435.

Cornell university technical school, 503.

Corniferous formation, 46 ; Yielding petroleum, 47.

Oourtright, salt, 55, 186, 191 ; Natural gas, 151, 153.

Craig gold mine, 110.

Creighton, argentiferous galena, 29 ; Copper, 433 ; Gold and silver, 59.
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Crookston quarry, 80.

Crosby, barytes, 53 ; Iron, 13", 138 ; Mica, 150 ; Phosphate, 172, 176.

Cross lake, 26, 56, 57.

Crow river, blast furnace, 321.

Crown Point mine, 199, 201.

Dakota mining laws, 280.

Dalhousie, iron, 23, 135, 138, 139, 233 ; Nickel, 13S.

Dallieboust, nickel and cobalt, 443.

Darling, iron ores, 52, 129, 137, 138, 140, 141, 142 ; Serpentine, 83.

Dean and Williams gold mine, 28.

Delft, Polytechnic School at, 500.

Deloro, gold, 1C6.

Denison, minerals, 205 ; Silver, 203 ; Gold, 26, 59, 205 ; Copper, 24. 88. 89, 104. 105, 106, 108, 112, 113,

425, 426, 434 ; Platinum, 113, 181 ; Sperrylite, 181.

Deseronto, cement and terra cotta, 77 ; Charcoal, 88, 341, 481, 393.

Desert lake, iron location, 143.

Determination of minerals, 447.

Devonian system, 46 ; Fossils in, 422.

Disputed title, 445.

Dominion of Canada mining laws, 275.

Dominion Mineral company, 433.

Dorion, lead veins, 37, 38, 54.

Drain pipes, 72.

Drift, the, 48 ; in the Metamorphic and Palfeozoic regions, 49 ; Materials of, 47, 50 ; Economics of. 51.

Drummond, bog ore, 137.

Drury, copper, 24, 106 ; Silver, 203.

Dubhn, salt, 54.

Dudley, phosphate, 173 ; Iron, 238.

Duncan silver mine, 33, 34, 67, 195, 197, 198.

Dungannon, iron, 53.

Dysart, phosphate, 173 ; Iron, 238.

Eagle lake, phosphate, 172.

Eagle river, iron, 64, 145.

East Silver Mountain mine, 193, 196, 199, 203, 232, 428.

Echo lake, antimony, 30 ; Marble, 68, 76 ; Copper, 88, 91, 97, 143 ; Lead, 147.

jfccole Centrale des Arts et Manufactui-es of Paris, 498.

Ecoles des Maitres Mineurs, 498.

Ecole Polytechinque of Paris, 499.

Edward's island, silver, 202.

Edgeward island, minerals, 109.

Elgin silver mine, 199, 445.

Elliott quarries, 74.

Elmsley, sandstone, 80; Phosphate, 176 ; Plumbago, 181.

Ely iron mine, 125, 126.

Elzevir, gold, 28 ; Actinolite, 52.

Emerald mine, copper, 97.

Emeralds, 205.

Enniskillen, petroleum, 47, 153 ; Salt, 186.

Enterprise, Lead Hills or North Shore galena mine, 38, 147.

Eozoon Canadense, a scientific mj'th, 12, 443*

Epilote, 442.

Erie clays, 4, 51.

Europe, "technical high schools in, 494.

Escarpments, how formed, 32, 48 ; Niagara escarpment, 44 ; at Forks of the Credit, (illustrated) 73.

Essex charcoal works, 88 ; Natural gas, 151, 156.

Eurypterus beds, 77.

Evans mine, copper, 24, 90, 103, 104, 378, 405, 433.

Everett mine, gold and silver, 60.

Exeter, salt, 45.

Exploration, its importance and difficulty, 69, 464.

Faraday, iron ore, 133.

Fairbank, ores, 105.

Fairy lake, antimony, 30,

Feigle gold mine, 28, 110.

Fibrous Serpentine. See Actinolite.

Fire clay, 54.

Flag stone, 243.

Flat Point, gold, 114.

Fluorspar, 442.

Forks of Credit, building stones, 43, 73, 74, 79 ; Clay for brick, 78.

Fort William, minerals, 241.

Fossils, 31, 40, 41, 422 ; in limestone at James' bay, 172 ; Marine, in district of drift, 50.

Fournier iron mine, 137.

Fox gold location. 111.



Foxton phosphate mine. 168, 170, 171, 439 ; Shipping facilities, 172.
France, mining laws, 296 ; Mining schools, 497.
Freiberg Royal mining school, 500.
Frontenac, marble, 80 ; Lead mine, 145 ; Smelting works, 146 : Phosphate, 167, 168, 170, 176, 436, 437,

439, 441 ; Iron ore, 127, 205, 233, 488 ; Mica, 148.

Galena, 29. See lead.

Gahvay, marble, 83 ; Iron, 131.

Garden river, 60 ; Victoria mine, galena, 29, 67, 145, 147, 203 ; Antimony vein, 30 ; Iron, 143 : Silver
203 ; Marble, 68, 76, 83, 229, 235.

Garland, gypsum mine, 122.

Garnet, 442.

Gas, petroleum and natural, 42, 151 ; KingsviUe well, 42, 151 ; Where to bore for gas, 42 ; Foimd at
several points, 151 ; in Pennsylvania, New York, Ohio and Indiana, 151 ; Cincinnati arch
traced mto Ontario, 151 ; Found in the Trenton formation, 152 ; Borings in Ontario, 152 ; Theories
of the origin of natural gas, 152 ; at Courtright, 153 ; in Silver Islet, 153.

Gas oil, 158.

Gatling gold mine, 28, 68, 107, 110.

Geology of Ontario, 1 ; Bounds of the territory, 1 ; Gajis in the system, 1 ; Divisions of the rocks, in
descending order, 2 ; Technical terms explained, 3 ; Ontario names for systems and formations,
4 ; Geographical distribution, 5 ; Hudson Bay slope, 5 ; Paleozoic strata of the east, 5 ;

Azoic rocks, 6 ; Nucleus of the continent, 7 ; Laurentian system, 8 ; Lower Laurentian forma-
tion, 8 ; Upper Laurentian formation, 10 ; Minerals found in Upper Laurentian series, 11 ;
•Eozoon Canadense a scientific myth, 12 ; Origin of Laurentian rocks, 13 ; A land of lakes, 14 ;

Ontario a group of islands, 15 ; Glacial origin of the lakes, 15 ; Origin of the boulders, 16 ; Decay
of rocks still going on, 16 ; Huronian system, 16 ; Volume of the sj'stem, 17 ; Conformity of the
Laurentian and Huronian rocks, 17 ; Huronian areas, 18 ; Lower and upper divisions, 19 ; An
iron-bearing series, 20 ; Greywacke, 20 ; Huronian quartzite, 20 ; Felspar, 21 ; The Metalliferous
series, 22; Iron, 22 ; Copper and nickel, 23 ; Gold, 25 ; Silver in Huronian rocks, 28 ; Galena,
29; Zinc, 30; Antimony, 30; Other metals and minerals, 30; Cambrian system, 31; Animikie
formation, 31 ; Silver bearing rocks, 33 ; Nipigon formation, 36 ; Lead veins, 37 ; Lake Xipigon,
38 ; Mamainse and its boulder conglomerates, 39 ; Potsdam formation. 39 ; Fossil tracks, 40

;

Silurian system, 40 ; Calciferous formation, 41 ; Chazy formation, 41 : Black River and Birds-Eye
formation, 41 ; Trenton formation, 41 ; Utica formation, 42 ; Hudson River formation, 43 ;

Medina formation, 43 ; Chnton formation, 43 ; Niagara formation. 43 ; Guelph formation, 44 ;

Onondaga (salt) formation, 45 ; Helderburg (lower) formation, 46 ; Devonian system, 46 ;

Oriskany formation, 46 ; Corniferous formation, 46 ; Petroleum, 47 ; Hamilton formation 47 •

Chemung and Portage formation, 47 ; Post Tertiary system, 48 ; Drift, 48 ; iJlaciers,' 49
'

Marine fossils, 50 ; Clays, sand and gravel, 50, 51 ; Economics of the Drift, 51 : Evidence
before the Commission for eastern Ontario region, 52 ; Western Ontario region, 54 ; Lake Temagami
region, 56 ; Sudbury region, 58 ; Sault Ste. Marie region, 59 ; Michipicoten Island, 60 : Lake
Superior region, 61 ; Lake-of-the-Woods region, 64 ; Gold in the Huronian rocks, 65, 66.

George Heenan gold mine, 117, 118, 446.

Georgian bay, mineral bearing rocks of, 59, 65.

Germany, mining laws, 296 ; Mining schools, 495.

Gillies, silver, 199.

Glaciers, See Drift. Glacial origin of the lakes, 15 ; Evidences of glacial action, 48 ; Effects of ancient
49 ; Glacial phenomena, 49 ; Direction of the glacial movement, 49 ; Local causes influencing 5o'

Gladstone gold mine, 28, 110, 111.
°'

Glamorgan, iron, 53. 131, 132 ; Marble, 83.

Glencoe, oil at, 55 ; Salt deposit, 160.

Glendower iron mine, 128, 133, 135.

Glenny gypsum mine, 121.

Glossary, 527.

Gneiss, primitive, 8 ; Color and form of gneiss rocks, 920 ; Foliation and strike. 9 ; Supposed aoueous
origin, 12. ^

Goderich, salt, 45, 54, 184, 185, 190.

Gold, 25, 110, 114, 118, 205, 217, 425, 426, 427, 450 ; Statistics of, 72, 209, 210 211 213 ns 243 244
52o

;
Locations on Lake-of-the-Woods, 25, 205 ; Partridge lake veins, 26 : Victoria cape location'

2b
;
Vermihon mine, 26 ; Temagami, 26, 56 ; Goulais and Batchawana bays, 26 • Madoc '^7 •

Gold on lake Wahnapitie, 27, 112, 435 ; Comparison with Treadwell mine. Ala'-ka '^7 • Gold '

•'., ,1 ^"'xr ' oai-uuawitua uay, zo, uu ; oauic ote. 3iarie district, bO : Lake Sui>erioi
region^ bl, 114 ; Heron bay, 62 ; Huronian and other locations, 25, 62, 241 ; .Tackfish bav 6'>
llo ; Seine river, 64 : Sultana islaad. 64, 118 ; Rainy lake, 64 ; Associated with Huronian rock«'
bb

; \ ems along the Thessalon river, 66 : Lenticular gash veins. 66 ; Auriferous veins
66""'

Alluvial gold, 6b : Consolidated mine, 72, 106, 110 : in Sudbury with copper, 104 : Denison town-
ship (see)

;
Gold-hill. 109^ Winnipeg Consolidated, 109 ; Cameron, 110 : Hawk-eve. 110 • WiUiams

110 ;
Craig, 110 ; Kaladar, 111 ; Richardson hill. 111 ; Moira, 111 : Malone" 110 11'^ • Sher-

brooke, 112 : May, 112 ; Graham, 105, 112 ; Waters, 112 : Sniiler, 112 : Neelon. 114 : pfat Point
114 : Jackfish lake, 115 ; Poplar river, 115 ; Kewaydiu. 116 ; Gold chiefly in sulnhurets 115 •

An extensive gold belt, 115 ; Treatment of the ore, 116 : Pine I'ortage. 116 : Ada G 116 • Com-
bination, 116 ; George Heenan, 117; Woodchuck, 118 ; Boulder island, 118 : Manitoba Consolidated
l(x:ation, 118

;
in the disputed territory, 447 ; Facts regarding the various occurrences of jrold

450. iest for gold. 452.
Gold-hill mine, 64, 109, 116.
Gold lake vein, 117

.
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Goulais Bay, minerals, 26, 60, 68, 99 ; Sandstone, 40.

Goulais river, lead, 60, 203.

Graham, copper and gold, 24, 105 ; Copper and galena, 106, 425 ; Gold, 112 ; Iron, 142.

Grand Rapid clay ironstone, 47.

Grand River gypsum, 45, 119 ; Plaster works, 121 ; Cement, 55 ; Limestone, 55

.

Grange island, stone, 79, 235.

Granite, 61, 62, 74, 79, 215, ?17, 228, 236.

Granite island, lead, 38.

Grindstones, 43.

Graphite, 31, 35, 243, 442, 525.

Gravel exports, 245.

Gray & Scott's salt well, 184.

Great Britain and Ireland, mining laws of, 285.

Grey band, 43.

Greywacke, 20.

Grindstones, 243.

Uros Cap, copper, 67, 68 ; Iron, 23.

Guelph formation, 4, 44 ; Building stones, 45.

Guinard gold mine, Kaladar, 28.

Gunflint lake, 239 ; Iron, 61, 126, 144, 207.

Gypsum, 119 ; on Moose River, 45, 69 ; along the Grand river, 1L9 ; Uses of, 119 ; Production in the

United States, 119 ; Theories of the origin of, 119 ; Origin of the dome form, 119 ; Alabastine Co.,

121 ; Paris gypsum, 121 ; Economic handling of, 121 ; (4rand River plaster works, 121 ; Other

gypsum locations, 122 ; Markets and prices, 122 ; Mining in Oneida township, 122 ; Rates of

wages of workmen, 122 ; Statistics of, 72, 209, 210, 211, 243, 244, 525.

Hand's gold location, 64.

Hayley's phosphate location, 53.

Haliburton district, iron, 52, 1,30, 132, 234, 237, 238, 388, 395 ; Lead, 238 ; Molybdenum, 238 ; Copper, 238 :,

Blast furnace, 326, 334, 388 ; Marble, 83 ; Phosphate, 173, 238.

Hamilton formation, 47, 422.

Hamilton city, clay at, 78.

Hamilton & Toronto Sewer Pipe company, 86.

Harbor copper location, 61.

Harcourt, iron, 238.

Hastings gold region, 25, 27, 65, 68, 106, 427 ; Lead, 30 ; Actinolite, 79 ; Iron, 127, 132, 133, 205, 402 r

Mica, 149 ; Charcoal blast furnace, 323.

Hawk-eye gold mine, 110.

Haycock iron mine, 68.

Hay island, gold, 25, 118.

Hecla mine, 36, 61, 66, 67, 197, 455.

Heenan mine. See George Heenan.
Helderburg (lower) formation, 46,

Hematite. See iron.

Henderson steel converter, 488.

Heron bay, gold, 29, 62, 115, 116.

Highland goldmine, 25, 62.

Hillier, natural gas, 152.

Hinchinbrooke, iron, 135, 167, 168 ; Phosphate of lime, 167, 172, 176.

Hornblende, 442.

Houghton furnace, 325.

Howland iron mine, 131, 134, 334, 388.

Hudson bay slope, 5, 69.

Hudson River formation, 43.

Hull iron furnace, 396.

Humber river fire clay, 54.

Hungerford, actinolite, 52 ; Marble, 80 : Mica, 149.

Hungerford Marble company, 75, 80, 133, 235.

Hunter's island, iron range, 61, 124, 125, 144, 206, 233.

Huntilite, 33.

Huron lake. See Lake Huron.
Huronian gold mine, 25, 28, 62, 66, 106, 115, 241.

Huronian system, 6, 7, 16, 65, 109 ; Mixed with Laurentian, 7 ; Volume of the system, 17 ; Disturbances,

17 ; Huronian areas, 14, 18, 29 ; Local variations, 18 ; Lower and upper divisions, 19 ; an

iron-bearing series, 20 ; Huronian quartzites, 20 ; Igneous character of the .system, 21 ; The
metalliferous series, 22 ; Iron, 22 ; Copper and nickel, 23 ; Gold, 25, 27, 62, 65, 451 : Silver, 28 ;

Galena, 29 ; Zinc, 30 ; Antimony, 30 ; Other metals found in the system, 30, 451 Useful rocks

and non-metal'ic minerals, 31.

Husgafvel blast furnace, 486.

Illinois university of mining engineering, 511.

Illustrations, list of, vi.

Idocrase, 442.

Imperial iron location, 131, 334, 388.

International salt well, Goderich, 184.

Iron and iron ore, 10 ; Origin of, 13 ; Occurrence of ores, 22, 68, 205, 427, 465 ; at Little Pic river, 37 ;

"Iron ore bed," 43 ; in eastern Ontario, 52; in lake Temagami region, 56 ; in lake Superior

region, 61 ; in Lake-of-the-Woods region, 64 ; on the Hudson b.xy slope, 69 ; Notes on mines, 123:
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Minnesota Vermilion range, 123 ; Parallel ranges of ore, 124 ; Tower mines, 124, 125 ; Prices of

ore, 125 ; North Lee mine, 125 ; Ely mine, 125 ; Exploring Hunter's island for, 125, 144, 206,

232 ; Knife lake location, 126 ; Chandler mine at Ely, 126 ; Ore specimens from the Ontario
frontiei', 126 ; Sketch of section of country in Ontario near the boundary, 126 ; Gunflint and North
lakes district, 126 ; Mines and locations in eastern Ontario, 127 ; Blairton iron mine, 127, 130 ;

Wallbridge mine, 127, 133 ; Coe-hill mine, 127 ; Formation on the Kingston and Pembroke railway,

127 ; Glendower mine, 128, 133 ; Calabogie mine, 128, 233 ; Calabogie mine No. 4, 128 ; Coe loca-

tion, 128 ; Wilbur mine, 129, 135, 136 ; Bell's hematite locations, 129 ; Arnprior mine, 129 ; Tam-
worth hematite, 130, 133 ; Haliburton district, 130 (see); Extent of the iron area of the
province, 130 ; Snowdon location, 130, 132 ; Analyses of ores, 130, 131, 134 ; Toronto Iron com-
pany, 131 ; Rowland mine, 131 ; Imperial location, 131 ; Pine lake location, 132 ; National
location, 132 ; New York location, 132 ; Mining properties discovered, 132 ; Various locations in

Hastings county, 133 ; Station location, 133 ; Sexsmith mine, 133 ; Zanesville company, 133
;

Bedford mining company, 134 ; Black lake location, 134 ; Kingston and Pembroke Railway
company's operations, 135 ; Capacity of the Glendower mine, 135 ; Machar mine, 135 ; Wilson
location, 136 ; Williams location, 136 ; Cost of mining, 136 ; Various locations in Bagot, 136 ;

Other locations opened, 136 ; Magnetic oi-e in Bathurst, 137 ; Eournier mine, in North Crosby,
137 ; Bob's lake location, 137 ; Deposits in Levant, Darling, Sherbrooke and Bathurst, 137 :

Playfair mine, 137, 138, 139 ; a hematite belt, 138 ; a very disturbed locality, 138 ; Iron
pyrites in Dalhousie, 138 ; Strike and dip of the Laurentian rocks, 138 ; Iron pyrites in Dal-
bousie, 139 ; on Adam's lake, 140 ; Hematite in Leeds, J 40 ; Specular ore in Darling, 140 ;

Iron pyrites in Darling, 141 ; Magnetic ore, 141 ; in Levant, 141 ; Bog iron ore, 137, 141, 142
;

McNab mine, 141 ; Red hematite ore in Darling, 142 ; Iron deposits in Lake Nipissing, 142 ;

Ore deposits in the Temiscaming region, 142 ; Iron pyrites in Graham township, 142 ; Wallace
mine location, 142, 143 ; Desert lake location, 143 ; Lacloche mountain couatry, 59, 109, 143 ;

Iron properties near Echo lake, 143 ; on the Garden River reserve, 143 ; Deposits on Loon
and Ruby lakes, 144 ; Surveys of iron locations west of Port Arthur, 144 ; Magnetic and
hematite ores in lake Superior district, 144; a large area of hematite ore, 144; Attic-okan
deposit, 144 ; Minnesota iron range in Ontario, 145, 205, 206, 208 ; Deposits on Pic river,

145 ; on the Mattawa and Kaministiquia rivers, 145 ; in Moss township, 145 ; on Eagle river,

145 ; in Hinchinbrooke, 167 ; Extensive iron deposits, 208 ; Statistics of, 72, 209, 210, 211, 212,

213, 243, 244, 249, 468, 525 ; Production of iron ore and pig iron, 210, 214, 215 ; The iron
industry, 215 : Charcoal iron, 215, 468 ; Coke ii-on, 216, 218 ; Annual consumption of iron in
Canada, 216 ; The world's production of pig iron, 223, 470 ; of iron and steel, 224 ; United
States production of iron and steel in 1876 and 1888, 224, 468 ; Possible expansion of the iron
industry in Canada, 225 ; Export of iron ore from Canada, 225 ; Convenience of Ontario ores
to the American markets, 225 ; Iron ore shipments from Lake Superior mines, 226 ; Suggestive
comparisons, 226; Charcoal iron produced in Michigan, 227 ; Effect of the duty, 231, 232 ; Smelting
plant, 232 ; Reciprocity desirable for the iron industry, 233 ; Qualitj' of eastern Ontario and lake
Superior ores compared, 233 ; Cost of iron ore production, 234 ; Tables of imports of manufacture
from iron and steel, 246-254 ; Origin of the iron industry in Ontario, 255 ; Smelting of ores, 319-

369 ;
Qualities of the metal, 453 ; Exploring for ore, 464 ; Ores most in demand, 467 ; Prices of

iron, 471 ; Magnetic iron ores, 471 : Qualities of ores and metals, 473 ; Foundry iron from magnetic
ores, 473 ; Early use of the magnetic separator, 491 ; Evidence re smelting, 388-406.

Iron paint, 455.

Ironstone clay, 47.

Isle Parisienne, sandstone, 40.

Isle Royale, 36, 39.

Italy, mining laws of, 297.

Jackfish bay, gold, 26, 62, 115 ; Iron, 23, 145 ; Silver, 445 ; Granite, 61.

Jackfish lake, gold locations, 25, 62, 114.

•James bay, mineral bearing rocks, 5 ; Limestones, 47 ; Fossils in limestone at, 44.

Jarvis island, silver, 195, 196, 198.

Jasper, 22.

Judge Mills, gold location, 117.

Kakabeka falls, iron, 123.

Kaladar, gold, 28, 111, 112.

Kaministiquia, mineral deposits, 68 ; Iron, 22, 61, 145.

Kaolin, 69, 70, 86.

Keewatin, or Keewaitin series, 19, 67. See Lake-of-the-Woods.
Keweenawan rocks, native copper bearing, 36, 67.

Keewaydin gold, 116, 118 ; Arsenic, 117.

Keppel, cement, 77.

Killarney, silver, 60 ; Iron, 123 ; Marble, 205.

Kincardine, salt, 45, 55, 183, 184, 189.

King's college. Nova Scotia, 511.

Kingston, limestone, 41 ; granite quarry, 74, 83.

Kingston & Pembroke Mining company, 135, 391.
Kingston and Pembroke railway district, iron, 52, 68, 123, 127, 128, 129, 132, 134, 135, 233, 390, 392, 427 ;

Estimate for smelting ore in the district, 336, 390, 400 ; Phosphate of lime, 53, 167, 170, 177, 400,
402 ; Granite quarry, 74, 83.

Kingsville gas well, 42, 151, 152.

Kinmount furnace, 331.

Knife lake iron location, 126. •

Korah, gold and copper, 60.

Krean's copper location, 24, 89, 105, 434.
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Labradorite rocks, 14.

Laboratories, mining, 417.

Lac-des-Milles-lacs, gold, 26, 66.

Lacloche mountains, mineral occurrences in, 26, 59, 60, 109, 143.

Lady Evelyn lake, copper, 24 ; Argentiferous galena, 29.

Lady Macdonald copper mine, 104.

Layfayette college mining school, 510.

Lake township, gold, 28.

Lake Huron, ininerals, 5, 26, 92, 114, 115, 123, 205.

Lake-of-the- Woods, geological investigation, 17 ; Huronian area, 18, 19 ; Gold locations, 25, 64, 65, 66,106,
108. 109, 114, 115, 116, 118, 119, 206, 207, 446 ; Mica, 64 ; Mineral paint, 64.

Lake Superior region, minerals and building stones, 61, 205, 316 ; Discovery of gold, 26, 114, 115 ; System
of veins, 62 ; An old explorer's opinion, 62 ; Rich ores, 62, 105 ; Discovery of silver, 33 ; Copper
mining, 92 ; Exploring the north shore, 93 ; Early discoverj' of silver, 194 ; Magnetic and
hematite ores, 144, 2.33.

Lake Superior native copper company, 102, 103.

Lambton formation, 4.

Lanark, lead, 10, 30, 145 ; Iron ores, 129, 140, 205, 233, 392 ; Estimate for furnace, 333 : Plumbago, 181 ;

Phosphates, 436, 437, 440 ; Mica, 440.

Lancey oil well, 161.

Land plaster, 122. See Gypsum.
Lansdowne iron furnace, 319.

Laurentian system, 6, 7, 8 ; Lower Laurentian formation, 8 ; Colors of Laiirentian gneisses, 9 ; Dykes and
veins in the system, 10 ; Upper formation, 10 ; Mineral bearing character of the upper series, 11

;

Boundary of the upper Laurentian series, 12 ; Origin of limestones and iron ores, 13, 443 ; Origin

and mode of formation of rocks, 13 ; Svipposed igneous origin of, 13 ; Extent of Upper Laurentian
series, 14 ; A land of lakes, 14 ; Decay of rocks still going on, 16 ; Strike and dip of rocks, 138 ;

Occurrence of apatite in, 437.

Laws. See Mining Laws.
Lead, 10, 29, 118, 145, 442 ; Mine on Garden river, 29, 67, 147, 205, 425 ; Cascade mine, 29, 147; in Sudbury

district, 29 ; Other veins, 30 ; in Nipigon rocks, 36 ; in Dorion, 37, 38 ; Malhiot mine, 38 ; Veins
at Black bay, 38, 63, 147 ; in Temagami region, 58, 147 ; in Lake Superior region, 61, 62 : at
Straight lake, 106 ; on "Timber berth, 110," 110 ; Notes on mines, locations, etc., 145 ; Argentifer-

ous galena, 145 ; Ramsay mine, 145, 146 ; Frontenac location and smelting works, 146 ; Victoria

mine at Echo lake, 147 ; Enterprise mine, 147 : Occiu-ring with silver, 198, 200, 203 ; on Goulais
river. 203 ; Statistics of, 211, 213, 243, 525 ; United States market for lead ore, 231 ; Duty
on, 232 : in Haliburton, 238 ; Smelting, 396 ; Qualities of the metal, 460.

Lead hills, 38. See Enterprise mine.

Leeds, lead, 10 ; Iron ores, 205 ; Iron furnace, 319 ; Phosphate, 436, 437.

Lehigh School of Technology, 510.

Lennox, gold in, 112.

Levack, copper, 434.

Levant Iron company, 135, 137, 140, 141. See Wilbur mine.
Lignite, 57, 64, 69, 70.

Lime, 55 ; Statistics of, 213, 243, 525.

Limehouse, cement, 77 ; Fireproof paint, 79.

Limerick, lead, 30.

Limestone, origin of, 13 ; Occurrence of, 41, 44, 46, 47, 55, 69, 84 ; For iron flux, 243, 525.

Lithograph stone, 41, 45, 205.

Little Current, sandstone, 74 ; Limestone, 84.

Little Long lake, iron, 23.

LittJe Pic river, iron ore, 36 ; Copper, 6.3'; Silver, 202.

Little Pig mine, 199.

London, natural gas, 152.

Loon lake, iron, 144.

Lome, gold, 59 ; Silver, 203.

Lorraine, shales, 43.

Loughborough township, phosphate of lime, 53, 168, 170, 171, 176, 178, 439, 441 ; Mica, 148, 149, 170 ;

Lead, 145.

Lubricating oils. See Petroleum.

McConneU, lode, 24, 105, 433.

McDonald's oil refinery and wells, 164.

McEwan's salt well, 185, 190.

McGregor, granite, 61.

McGill University, school of Applied Science, 510.

Mclntyre, silver, 33.

McKellar, iron location, 123.

McKellar's island, silver, 33, 62, 195.

McKim, copper, 24, 89, 433.

McMicken's gold location, 64.

McNab, iron, 138, 141.

Macbeth, copper, 60.

Machar mine, 136.

Machinery, 218, 232, 235, 239. See Commercial Conditions.
^xAIadawasica river district, for charcoal, 390, 391.

\Iadoc, gold, 27, 28, 65, 66, 106, 111, 115 ; Lithographic stone, 41, 53 ; Marble quarries. 75. 80, 81, 235

;

Slate 79. 87 : Iron 123, 127, 133i; Charcoal blast furnace, 323, 331, 389.
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Magnetic ore. See Iron.
Magnetic separator, early use of, 491. See Smelting,
Magnetite. See Iron.
Malleable iron works, 329.

Malone, gold, 110, 112.

Maloney iron mine, 133.

Malhiot lead vein, 38.

Mamainse, copper and silver, 36, 39, 67, 92, 98, 102, 197.

Manganese, statistics of, 209, 243, 244, 525 ; properties of, 461.

Manitoba Consolidated gold location, 118.

Manitoulin island, limestone, 84 ; Petroleum, 1.56, 167.

Marble, 31, 62, 68, 69, 75, 76, 83, 84 ; Comparison of marbles, 80 ; Black, 80 ; Serpentine, 82, 83 ; in Hali-
burton and Ottawa, 83 ; American competition, 82 ; Statistics of, 209, 210, 211, 215, 217, 228, 229,
235, 236, 243.

Marine City, salt, 187.

Marmora, lithographic stone, 41, 53 ; Gold, 28, 65, 66, 106, 110 ; Iron, 133 ; Blast furnaces, 321, 322, 331.
Mason Science College, Birmingham, 512.

Massachusetts Institute of Technology, 417, 503, 510 ; Worcester Free School, 505,
Matabechawan river, slate, 56.

Matheson phosphate deposit, 174.

Mattagami river, clay ironstone, 47 ; Lignite, 70.

Mattawa river, iron, 61, 145.

May, gold location, 112, 114,

Medina formation, 43, 73,

Mercury, 4s7.

Merritt gypsum mine, 45, 121, 122,

Mica, 148, 205 ; in the Perth district, 53, 148 ; in Frontenac, 148, 150 ; in Lake-of-the-Woods district, 64,
148; Smith & Lacey mine, 148; Perth mine, 148; Hun^erford deposits, 149; Discovery of the
Loughborough mine, 149; Markets for, 149,150; White mica in northern Addington, 149; Mica in
Miller and Bedford townships, 150 ; Burgess mine, 150 ; Markets and uses of mica, 150 ; White
mica on Petewawa river, 151 ; Micaceous iron, 151 ; Mica in Perth district with phosr)hate of lime
174 ; Statistics of, 72, 208, 210, 211, 243, 525 ; for lubricating purposes, 87.

'

Michigan, mining laws, 281; School of Mines at Houghton, 426, 507 ; University of, 511.

Micliipicoten island, geological description, 39 ; Gold, 25 ; Copper locations on, 36, 39, 60, 67, 97, 98, 103
;

Depth of shafts, 61 ; Plan of Quebec mine, 102 ; Nickel on, 443.

Michipicoten Native Copper company, 60.

Miller, mica, 150.

Milton, stone and pressed brick, 73, 85 ; Section of clay formation at, 78.

Mineral development, aiding and encouraging of, 407.

Minerals, how determined, 447,

Mineral oils. See Petroleum,
Mineral waters, 525.

Minerva gold location, 64,

Mining laws and regulations, 255 ; Licenses to explore the mineral region, 255 ; Sale of mineral lands, 256
258 ; Opinions of witnesses, 256 ; Extent and number of mining locations, 257 ; a variety of opin-
ions on, 257 ; Survey of locations, 258, 304, 308, 312, 313 ; Protection for prospectors, 258, 308, 309
312, 316 ; Right of staking out claims, 259 ; Licensing system, 259, 315, 316 ; Royalties, 259* 31l'
312, 314 ; Speculation in mining lands, 260, 308, 309, 311, 312, 313 ; Exploration of patented lands'
261 ; Taxation of mining lands, 261, 311, 315 ; Mining division system, 262 ; Undergroimd
boundaries of mining properties, 262, 306 ; Summary of mining laws in Ontario and elsewhere
263 ; Ontario, 263 ;

Quebec, 269 ; Nova Scotia, 271 ; British Columbia, 273 ; Dominion of Canada'
275 ; United States, 277 ; Colorado, 280 ; Dakota, 280 ; Michigan, 281 : Montana, 282 : Nevada'
282 ; New York, 282 ; Oregon, 283 ; South Carolina, 283 ; Utah, 283 ; Wisconsin, 2&3 : Wyoming'
284 ; Great Britain and Ireland, 285 ; New Zealand, 286 ; New South W.ales, 289 ; Victoria, 291 •

South Australia, 294 ; France, 296 ; Germany, 296 ; Austria-Hungary, 297 ; Italy, 297 ; Belehim'
298; Portugal, 298 ; Spain, 299; Sweden, 299 ; Norway, 300; Suggested changes in the mining
law, 301 ; Tenure of the land, 301, 314 ; Claims of the explorer to consideration, 301 ; Local
agencie-s, 302, 308 ; Extent and number of locations held as individual claims, 303, 313, 316 • Mini-
mum area of a location, 304 ; Small locations, 304, 308, 309, 310, 313, 315 ; Working conditions
305; The New Zealand and South Australia remedy, 305; Reservations and Royalties, 305-
Leasing system, 306, 314 ; Health and safety of miners, 262, 306 ; Annual returns to the Govern-
ment, 306 ; Forest fires in mineral districts, 262, 307, 311, 316 : Mining division sj'stem, 307 •

Explorers, 317 ; Evidence of witnesses concerning mining laws and regulations, 307, 318.

Mining schools, 509. See Technical Instruction.

Minnesota iron range, 22, 64, 123, 145, 205, 206, 207, 208, 241.

Mispickel ore, how treated, 110.

Missinaibi river, gypsum, 45 ; Kaolin, white sand, gypsum and lignite, 70,

Missisauga mining locations, 143,

Mississippi river, iron, 390, 391.

Mississippi iron company, 135.

Missouri University School of Mines, 511,

Mistassini lake, copper, 24,

Mitchell, salt borings, 54, 185.

Moira, gold. 111,

Molybdenite, 61, 62, 442,

Molybdenum, 30, 238,

Aloncrief, copper and galena, 106.

Monmouth, phosphate, 173.
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Montana mining laws, 282,

Montague, iron, 142.

Montreal Mining company, 34. 93, 95, 9G, 97, 194, 195. 197.

Montreal river, 18, 20, 23, 24, 29, 56, 142.

Moore bay, gold vein, 117.

Moose river, gypsum beds, 45.

Moose valley, 20G.

Moss township, iron in, 22, 145 ; Gold, 25, 62, 106.

Moulding sand, 243.

Mountain, iron mine, 133.

Murray copper mine, 24, 433.

Museum, a Provincial, 411, 424, 427, 522 ; Local museums, 412, 423.

Napanee, cement, 77, 84 ; Claj' for terra cotta, brick and tiles. 77, 85.

Naphtha. See Petroleum.

National iron location, 132.

Natural paint, 462.

Neebing, silver,^ 33.

Neebish mine, 62.

Neelon, gold, 114.

Nevada mining laws, 282.

New Caledonia nickel mines, 373.

New South Wales mining laws, 289.

New York iron location, 132, 334, 388.

New York mining laws, 282.

New Zealand mining laws, 286, 305 ; Schools of Mines, 513-521.

Niagara formation, 43 : Escarpment, 44 ; Falls of, 44.

Nickel, 30, 59, 68, 205, 405, 443 ; Copper and nickel, 23, 24, 88, 103, 104, 105, 138, 198, 227, 433 ; Smelting,

370, 391 ; Composition of the ore, 444 ; Nickel ore as the gangue of native copper and silver, 444 ;

Statistics of, 72 ;
Qualities of the metal, 457.

Nipigon bay, 36 ; K-ed sandstone of, 62, 74, 205, 233 ; Silver bearing rocks of, 6i5 ; Gold in vicinity of, 115.

Nipigon formation, 36 ; Geographical distribution, 37.

Nipigon lake. 38 ; Iron, 22, 68.

Nipissing district, iron, 142, 205 ; Silver, 204.

Norfolk, blast furnace, 319.

Normal School of Science and Royal School of Mines, 492.

Normandale blast furnace, 319.

North lake, iron ore at, 126.

North American Chemical comiiany, salt, 190.

North Lee iron mine, 125.

North Shore lead mine, 38.

Norway, mining laws of, 300,

Nova Scotia, mining laws of, 271.

Ochre, 243.

O'Connor, silver, 198.

Ogama lead vein, 38.

Ogilvie & Hutchinson's salt works, 190.

Ohio, University of, 511.

Oil. See Petroleum.

Oil Springs, petroleum, 153, 156, 158, 159, 160, 162, 165.

Oka river, iron, 23.

Olden, iron, 135.

Oliver's Ferry, plumbago, 181.

Oneida, gypsum, 122.

Onondaga formation, 45 ; Gypsum, 119.

Ontario Mineral Lands company, 35.

Ontario mining company, 118.

Ontario mining laws and regulations, 263.

Opal, 442.

Opazatika lake, iron, 23.

Ophir Jack mine, 109.

Opinicon lake, phosphate, 170, 172.

Ordivician or Lower Silurian series, 40.

Oregon mining laws, 283.

Oriskany formaton, 46.

Orthoclase. 442.

i

Oso, barytes, 53 : Iron, 135 ; Phosphate, 172, 439.

Otago School of Mines, New Zealand, 514

Ottawa district, phosphate, 174, 177.

Ottawa, Canadian Granite company's works, 74, 83.

Otty lake, phosphate, 167, 168, 174, 175, 176, 440.

Owen's College, Manchester. 512.

Packenham, iron, 138, 140.

Paint, mineral, 64, 79, 243, 462, 525.

Palmerston, iron, 125, 135, 140; Marble, 80.

Panache lake, copper, 24.

Pancake river, iron, 23.
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Paraffine. See Petroleum.
Paris, gypsum, 45, 119, 121.

Parkhill, salt, 55, ISO.

Parry & Mills iron furnace, 326, 331, 394, 395.

Partridge lake, gold mines, 26, 62.

PattuUo quarries. 74, 79.

Paxton iron mine, 132.

Peat, 69, 70.

Peel, clay for terra cotta in, 78.

Peerless mine, 199.

Pelican lake, phosphate, ISO.

Pennsylvania, Universitj- of, 512.

Perth district, phosphate of lime in, 53, 167, 174, 177, 178 ; Mica, 53, 148, 150 ; Iron, 123.

Peterborough, iron ore, 127, 132, 205.

Petroleum, geologically considered, 17, 69, 210 , Oil borings near Glencoe, 55 ; Borings at Petrolia, 55 (fee
Petrolia); with natural gas, 42, 152 ; Logs of Petrolia borings, 153; in Enniskillen, 153 ; Producing
and storing petroleum, 154, 157, 165 ; Drilling, 154, 161, 167 ; Working the pumps, 154, 156 ; Composi,
tion of the petroleum, 154 : Distilling and refining the petroleum, 154 ; Patent refining procesp,

155, 162 ; Other products of petroleum, 155, 158, 163, 165; Oil Springs district (see Oil Springs), 156 ;

County of Essex (Comber) 156, 158 ; Manitoulin island, 156, 167 : Old and new processes compared,
156, 157, 163 ; Casing the well, 156 ; Extent of the oil territory, 157 ; Oil bearing formation. 157 ;

Output of the territory, 157 ; Refineries, 157, 160, 162 ; Parafline, 157, 232 ; Tar, 157 ; Naphtha, 157 ;

Market for products, 158, 162, 164 ; Workers and wages, 158, 162, 164, 165 ; First development of,

158 ; Flowing wells, 159 ; Cost of sinking wells greatly cheapened, 159 : Abandoned wells,

159 ; .Jerker pumps, 154, 159 ; Groups of wells, 159 ; Petr(jleum bearing rock, 159 ; Export trade,

160 ; Bothwell oil district, 160 ; High prices of crude, 160 : Oil lamps, 160 : Petrolia drillers in
demand over the world, 160, 167 ; Improvements in oil refining, 161 ; Oil exchange, 161 ; Trade
combinations, 161 ; Competing with the great United States combine, 161 ; Sulphuric acid. 161 ;

Lubricating oils, 161, 163: Lance j' well, 161; Capacity of the refinery, 162; Ontario and
Pennsylvania petroleums compared, 162 ; Flash test of, 163 ; Specific gravity of, 164 ; Tempera-
ture of petroleum in the process of distillation, 164 ; Producer's Oil Refining company, 164

;

McDonalds refinery and wells, 164 ; Kennedy treatment, 165 ; Early experiences at Petrolia,
165 ; Underground tanking, 165 ; Average production of wells, 166 ; Why Canada cannot compete
with the L^nited States in the English market, 166 ; Petrolia Tanking Co's refinery, 166 ; Tanking
statistics, 166 ; Well drilling with cable and poles, 166 ; Oil in Manitoulin island, 167 ; Petroleum
tar for fuel, 191 ; Statistics of, 72, 209, 210, 211, 243, 244, 525 ; Competition with the L'nited States
210, 211.

Petewawa river, mica, 151.

Petrolia, salt, 55, 186 ; Oil, 55, 153, 154, 155, 156, 159 160, 161, 162, 165.

Petrolia Tanking company, 166.

Phlogopite, 442.

Phosphate of lime, 13, 150, 167, 205, 346 ; in Loughborough, 53, 149, 168 ; in Kingston a«d Perth
districts, 134, 167 : Boyd-Smith mines, 167, 168 ; Foxton mme, 168, 171 ; Otty lake district, 168,
175; Superphosphate works at Smith's Falls, 169, 179 ; Acid phosphate, 169, 179; Cost of the
fertiliser and its raw material, 169 ; Mining in Storrington, 170, 173 ; Markets, 170, 171, 172, 173,-

176, 178 ; Belts of the phosphate bearing formation, 170 ; Working mines in Frontenac, 170 :

Occurrences, 170, 173, 174, 437 ; Cost of production, 170 ; Colors, 171, 172 ; Raw phosphate, 171,
179 ; in Sydenham district, 171 ; Phosphate company organised, 171 ; Labor and wages, 172^
173, 176, 178 ; Extent of the phosphate area, 172, 176 ; Blessington mines, 172 ; Prices,

172, 178 ; Working a deep mine, 173 ; in Haliburton, 173, 238 ; Monmouth, 173 : Burgess (see)

168 ; Oldest mine in Canada, 174 ; Crystal apatite in Bedford, 174 ; Ottawa district phosphate,
174 : Color and quality, 174 ; Deep mining and proving, 175 ; Narrow veins not profitable, 175 ;

Anglo-Canadian Phosphate company, 175 ; Irregularity of the deposits, 176 ; Daywork and piece-
work, 176 ; American market for, 176 ; Bob's lake mines, 174, 175, 176, 177 : Auriferous quartz,
177 ; Economy in working the mines, 177 : Impressions ot Ontario mines, 177 ; Exports of phos^
phate, 177 ; Occurrence of apatite in Quebec, 177 ; Freight and other charges, 178 ; Workings
at the Quebec mines, 179 ; Increasing demand for fertilisers, 179 ; Superphosphate as a fertiliser,

180 ; Raw materials, 180 ; Importance of the phosphate industry, 180 ; Trade, 180 : Statistics of,

72, 209, 210, 211, 21.3, 243, 245, 525; Ontario and Quebec districts, 436; Associated rocks of,

437: Occurrence of apatite in \eins, deposit and masses, 438; Vein in Turner's island, 439;
Banded structure of veins, 439 : Character of veins in North Burgess, 440 ; Contents of phosphate
bearing veins, 440 ; Occurrences in irregular masses, 441 ; Pockets, 441 ; Physical character of
Canadian apatite, 442 ; Minerals of the apatite districts, 442 ; Markets for Canadian apatite, 424 t

Origin of Lauretian phosphates, 13, 443.

Pic river, gold, 29, 115 ; iron, 145.

Pickerel river, iron, 23.

Pig iron, 245. See Iron.

Pigeon point, silver bearing rocks, 33.

Pigeon river, silver bearing rocks, 66 ; iron, 144.

Pine lake, Glamorgan, iron location, 132..

Pine lake, Manitoulin island, petroleum, 156.

Pine Portage gold location. 26, 64, 114, 116, 118, 119.

Pixley, phosphate property, 178.

Platinum, 30, 181 ; in Denison township, Algoma, 113, 181 ; Sperrylite, a platinum compound, ISl ; Stat-
istics of, 243, 525 ;

Qualities of the metal, 457.

Piatt's salt well, 190.

Playfair iron mine, 137, 140 ; Working the mine, 138 ;
Quality of the ore, 139 : Sections ot mine, 139.

Playfairville, iron, 52, 138.

36 (M. c.)
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Plumbago, 118, 181, 205 ; in Bedford, 52, 81. 134 ; in Elmsley, 181 ; at Oliver's ferry, 181 ; in Bathurst, 181 :

"Statistics of, 209, 211.

Poplar river, gold, 115.

Porcupine mine, 63, 199, 203.

Porphyry point, 37.

Port Arthur, minerals, 60, 64, 110 ; Iron, 144, 208 : Silver, 72, 191, 192, 197, 205, 206, 207 ; Natural gas,

153 ; Zinc, 204 : Building stones, 74 ; Location of, for mining school, 426, 427.

Port Colborne, natuial gas, 151, 152.

Port Elgin, salt boring, 55.

Port Franks, salt, 55, 186, 190.

Portland, iron, 135.

Portugal, mining laws of, 298.

Post Tertiary system, 48.

Potsdam formation, 39 ; Sandstone, 80.

Practical Science, school of, 419 ; Present needs of in Ontario, 420.

Prenhite, 442.

Prince, gold and silver in, 60.

Prince's bay location, 25, 98.

Producers" oil refining company, 164.

Producers' tanking company, 366.

Prospectors advice to, 463. See Mining Laws.
Prussia, schools of mines and mining in, 513.

Puebla smelting works, 427.

Pusev iron mine, 130, ]32.

Pyrites, 56, 141 ; Statistics of, 209, 210, 211. 243, 525.

Pyroxene, 442.

Pyrrhotite, occurring almost pure, 23.

Quartzites, Huronian, 20 ; Felspar in, 20.

Quebec, apatite in, 178, 179 ; Mining laws and regulations of, 269.

Quebec and Lake Superior mining association, 60.

Quebec land and mining company's copper mine, 97 : Plan of mine, 102.

Quinte rapids, iron, 23, 142.

Railways needed. See Commercial Conditions.

Rabbit Monntam silver mine, 33, 67, 198, 199 : Discovery of, 35 ; Rich surface pickings at, 63.

Rainy lake, gold, silver and iron, 64, 65, 144.

Rainv River country, 65.

Ramsay, bog ore, 137 : Lead mine, 41, 145, 146, 435.

Rat Portage, formation, 47 : Gold, 66, 240, 446.

Red lake, iron, 22.

Regulaticms. See Mining Laws and Regulations.

Renfrew marble quarry, 76, 82, 84 ; Iron, 205 ; Phosphate, 436, 439, 440.

Richardson gold mine, 27, 106, 110, 111.

Richardson- hill gold location, 28, 111.

Ridgeway, corniferous limestone at, 55.

Rio Tinto copper mines, 371.

Rolling mills, 3.53.

Rooting materials, 79, 87. See Actinolite.

Roval School of Mines, 492.

Rubies, 205.

Ruby lake, iron, 144.

Russel copper location, 433.

St. Clair river, salt, 55.

St. Clair, Mich., salt, 186.

St. George lake, phosphate, 172.

;St. Ignace mine. 36, 37, 67.

St. Joseph's island, gold, 114 ; Limestone, 84.

St. Joseph lake, iron ore at, 22.

St. Mary river, marble, 76, 83.

Salt, geological formation (Onondaga,) 45, 182, 210 ; Borings at various points, 4o, o4, 55, 160; Advantages

of manufacture on St. Clair river, 55 ; An unlimited amount in the province, 69 ; Salt area,

181, 189, 210 : Processes of production, 182 : Dissolving the salt rock, 182 ; Patent process to

ehminate gypsum from the brine, 182 ; Boring the wells, 182 ; Pumping the wells, 183 ; Evapor-

ating pans, 183 ; Logs of borings, 184 ; Reports on salt, 184 : Kincardine, 184, 189 ; Gray &
Scott's well, 184 ; International well, 184 ; Wingham well, 184, 188 ; Blyth well, 185, 187 ; Brussels

(Rogers'l well, 185, 188; Clinton (Ransford) well, 185, 189; Seaforth (Coleman) well, 185; Gray,

Young & Sparling's well, (Seaforth) 185; Mitchell well, 185; Goderich (McEwan) well, 185:

Attrill's well, 185 ; Port Franks, 186, 190 ; Bothwell, 186 ; Parkhill, 186 ; Courtright, 186, 191

;

Petrolia, 186 ; Comber, 186 ; Enniskillen, 186 ; St. Clair and Marine City, Michigan, 187 ; English

and American competition, 187, 188, 237 : Cost of production, 187, 188 ; Extent of the salt deposit,

188 ; Land salt, 188, 190 ; Markets. 188, 189 ; Labor and wages, 188, 191 ; Annual production, 188 ;

Depth and thickness of the salt beds, 189 : Boring into the second bed, 189 ; Competition and
protection, 190, 191 ; Salt Association, 191 ;

Quality of Canadian salt, 191 ; Petroleum tar for fuel, J
191 ; Statistics of, 72, 209, 243, 245, 525 ; Production, 72, 190, 217, 218 ; Ontario and Michigan, .

228 ; Effect of the duty on, 218, 231, 236 ; Larger market wanted, 236 ; Tax on fuel, 236, 237. "

Sand and gravel, exports, 245 { Algoma sand, 51.
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Sandpoint, iron, 138.

Sandstones, 31, 215, 217, 228, 233 ; Potsdam formation, 39, 40, 80 ; Red (see Devonian system), 4G ; Oris-
kany formation, 46 ; Old and New Red, 40 ; in lake Superior region, 40 ; for mill-stones, 46 ; at
Nipigon l.)ay, 62 ; Brown and gray, 73 ; Verte island, 74, 235 ; Little Current, 74 ; Grange island,

79, 235.

Sapphires, 205.

Saugeen clay, 4, 51.

Saugeen river, gypsum, 45.

Sarnia, petroleum, 157.

Sault Ste. Marie region, silver and gold, 59, 60 ; Gold, 106 ; Iron, 123, 205 ; Silver and lead, 203 ; Marble,
205 ; Copper, 23, 205.

Scapolite, 442.

Schneider & Co.'s works at Le Creuzot, 501.

School of Mines, Provincial, 423, 424, 425, 426, 427, 428, 429.

School of Practical Science, 419.

Scootamatta marble-band, 75, 81.

Scythe stones, 43.

Seaforth salt, 45, 54, 55, 185, 187.

Sebastapol, phosphate, 170.

Seine river, gold, 64 ; Iron, 22.

Serpentine, 82, 83. 84, 205.

Seymour iron mine, 133, 323, 389.

Sewer pipe, 72, 86, 235.

Sewer and drain pipe company, Hamilton, 72.

Sexsmith iron mine, 133.

Shale oil, 42.

Sharbot lake, phosphate, 170, 178, 481.

Shebandowan gold country, 115, 241.

Sheffield Scientific School, Yale College, 504.

Sherbrooke, gold, 112 ; Iron, 135, 137, 138.

Shoal lake, gold, 118.

Shuniah or Duncan mine, 33, 34, 67, 195, 197, 198.

Silica, 444
Silurian system, 40 ; Fossils in, 422.

Silver, rocks bearing, 28, 33, 66, 191, 205, 425, 444, 445 ; Variations in veins, 33 ; Forms of, 33 ; Courses of
veins, 33, 192 ; 3A mine, 28, 35, 195 ; Heron bay veins, 29 ; Thunder Bay mine, 34 ; Silver Harbor
or Beck mine, 34 ; Discovery of Silver Islet mine, 31 ; Shuniah or Duncan mine, 34, 67, 195, 197,
198 ; Discovery of Rabbit Mountain and Silver Mountain veins, 35 ; Other mines, 35 ; Lake Tema-
gami region, 56 ; Lacloche mountains, 60 ; Sault Ste. Marie district, 60 ; Bonner location. 61

;

McKellar island, 62, 195 ; Thunder Bay district, 62 ; Lake-of-the-Woods region, 64 ; True fissure
veins, 67; Animikie formation, 191; Vein matter, 192; Beaver mine, 35, 67, 192. 198, 199; Badger
mine, 35, 63, 193, 198, 199, 200 ; Silver Mountain mine, 35, 193, 198, 199 ; Early discoveries of silver
on lake Superior, 194 ; Reported discovery in 1824, 194 ; Unsuccessful silver mines, 195 ; Successes
and failures in working Silver Islet mine, 192, 195, 197 ; Effect of high duties on mining
machinery, 196 ; American capital invested, 196 ; Policy of the Silver Islet companj' in developing
locations, 197 ; Necessity of economic mining, 197 ; Rabbit Mountain vein, 33, 35, 63, 198, 199

;

Machinery for mines and works, 199, 200, 201, 232 ; Labor and wages, 200, 201, 202 ; Cost of fuel,'

200 ; Carriboo location, 200 ; Crown Point, 201 ; East Silver Mountain, 201 ; West Silver Moun-
tain, 202 ; Character of Colorado veins, 202 ; Silver on Little Pic river, 202 ; Silver Hill and
Silver Falls locations, 202 ; Edward's Island location, 202 ; Locations in unsur\ eyed territory, 203 ;

Systenis of veins, 203 ; Silver Creek location, 199, 203 ; Sault Ste. Marie <listrict. 203 ; Thessalon
river district, 203 ; in Drury, 203 ; Garden River location, 203 ; Shows of in Sudbury region. 203 ;

in lake Nipissing, 204 ; Port Arthur silver range, 205, 207 ; Region of great promise, 208 •

Statistics of, 209, 210, 211, 213, 217, 218, 243, 245, 525 ; Elgin mine, 445 ; Characteristics of the
metal, 452 ; Test for silver, 453.

Silver Creek mine, 63, 199, 203 ; Galena, 203.

Silver Falls location, 202.
Silver Fox mine, 199.

Silver Glance location, 106, 202.

Silver Harbor or Beck mine, 33, 34, 198.
Silver Hill, 202, 203.

Silver Islet, discovery of mine, 34 ; Value of product, 63 ; Silver, 33, 35, 62, 63, 67, 94, 95, 192, 195, 196, 19"
198, 202, 203, 238 ; Natural gas at, 153.

Silver Islet Mining company, 98.

Silver Mountain mine, 35, 62, 193, 197, 198, 202, 240. See East and West s. m.
Silver Mountain Mining company, 201.
Simpson's location, 36, 37, 67.

Slate, for roofing, 31, 56, 79, 87 ; Statistics of, 210 243, 245.
Slate island, iron, 23.

Smelting of ores of economic minerals, 319 ; Record of failures, 319 : Iron smelting, 319 ; Furnace in
Leeds county, 319 ; Manufacture of iron from bog ore, 320 ; Marmora furnace, 321, 331 ;

Van Norman's ventures, 321, 326, 327 ; Marmora Iron Works comuany, 322 : An experimental
run, 322; Cost of production, 323, 324, 330, 341, 39.^. 394,395: Madoc furnace, 323, 331. 389 ;

Fxperiences with furnace material, flux and fuel, 323 ; Results with wood fuel, 324 ; Hough-
ton furnace, 325 ; Haliburton enterprise, 326 ; Lessons of failures, 327 ; Future for pig iron
in Ontario, 327 ; Outside sources of supplies, 327 ; Free commerce essential to economic manufac-
ture, 327 ; Canada's yearly consumption of iron and iron products, 327 ; Outlook for charcoal
pig iron, 328, 393, 394, 396 ; Charcoal iron and its uses, 328, 331 : Car wheels and malleable cast-



564

ings, 328 ; Statement of pig iron upon which the Dominion Government has paid a bonus for

six fiscal years, 328 ; Consumption of charcoal iron, 329, 468 ; Opinions of founrirymen on the
value of charcoal iron for castings. 330, 400, 401, 402 ; Cost of production a business secret, 330 ;

Estimate for the Kinmount furnace, 331 ; Estimates for a projected furnace in Lanark county,
333 ; Capital for land, plant, etc., 333 ; Estimates for a furnace at the Belmont mine, 331, 394 ;

Estimates made by practical men, 384, 388, 389 ; Michigan furnace man's estimate, 33G, 395 ;

Jackson Iron company's furnace, 336 ; Estimate for iron ore of the Kingston district, 336 ;

A Cleveland metallurgist's estimate, 337 ; Detroit furnacen:an's data, 338 ; Record of Iron
Mountain furnace, Wisconsin, 338 ; Record of six Michigan furnaces, 339 ; Recoid of Detroit and
St. Ignace furnaces, 339 ; Record of the Spring lake furnace, Michigan, 339 ; Record of the
Hinkle furnace, Wisconsin, 340 ; Record of the Mancelona furnace, Michigan, 340 ; Record of

the Tecumseh furnace, Alabama, 340 ; Conditions governing the cost of ore and fuel, 340 ;.

Charcoal at Deseronto, 341 ; Possibilities of production of charcoal iron in Ontario, 342, 393 ;,

Production in the United States and Sweden, 342, 468, 470 ; Britain's production, 469 : The world's-

production, 470 ;• An American authority's opinion, 342 ; Ontario ore exported to the United
States, 343 ; The Canadian Government's bonus, 343 ; Iron smelting with mineral fuel, 343 ; An
estimate of cost of production, 344 ; Can pig iron be produced in Canada to compete with foreign

metal? 344; Charcoal iron, 344 ; Treatment of magnetic ores, 345 ; Unsuccessful roasting, 345 ;.

An improved process, 346 ; Magnetic teratment, 346 ; Sterry Hunt's use of the magnet with hand
specimens of impure magnetic ores, 346 ; Buchanan's magnetic separator, 346 ; Conkling magnetic
concentrator, 347 ; Edison's magnetic iron ore purifier, 348 ; Ball, Morton & Porter magnetic
separator, 349 ; Wenstrom magnetic separator, 349 : Comparative resuks, 350 ; Possibilities of

electric treatment, 351 ; Early use of, 491 ; Economic transportation, 351 ; Use of wire-rope tram-
ways for moving ores, 351 ; Bleichert double-rope system, 351 ; Cost of operating the tramway, 352;

Lines in the LTnited States, 353 ; Rolling mills, steel works and manufactui-es, 353 : New processes

being tested, 353 ; Service of invention to the metallurgy of iron, 354 ; Primitive iron making as

witnessed by Mungo Park and Captain Grant in Africa, 355 ; Catalan forge, 355 ; Manu-
facture of cast iron, 356 ; Smelting ore with charcoal fuel, 356 ; Dud Dudley's exjjeriments with
mineral (fuel, 357 ; British iron trade in the eighteenth century, 357 ; Success attained with
mineral coal as furnace fuel, 357 ; Results of Darby's invention, 358 ; Invention of cylindrical

bellows, 358 ; Steam engine, 359 ; Puddling process, 359 ; Henry Cort's invention, 359 ; Cus-
toms duties on bar iron, 360 ; Hot blast invention, 361 ; Economic comparisons, 361 ; Con-
verting iron into steel by old and new processes, 362; Huntsman's process, 362; Heath's
process, 363 ; Bessemer's invention, 363 ; Phosphorous difficulty, 364 ; Labor saving machinery for

Bessemer converters, 365 ; Edgar Thomson works, 365 ; Growth of the steel trade and the
fall of prices, 366 ; Future of the iron industry, 367 ; Progress by the aid of invention, 367 ; Can-
ada's requirements and the necessity of beginning right, 367 ; The world's requirements as con-

templated by Percy and Jeans, 368 ; Past, present and future, 369 ; Copper and nickel smelting,

370; Importance of the industry, 371; Copper production of the world, 371; Production of
copper in northern Michigan, 371 : Famous Spanish mines of copper, 371 ; Ancient mines which
pay large dividends, 372 ; New Caledonia mines and their effect on prices, 373 ; Alloys of nickel.

373 ; Processes of smelting ores, 374 ; Welsh and German systems, 374 ; Treatment of sulphide

ores, 375 ; Roasting and calcining, 375 ; Reverbatory calciners, 375 ; Manufacture of sul-

pluric acid, 375; Reverberatory and blast furnaces compared, 375; Water-jacketed blastfurnace,

376 ; Water-cooled furnace and how constructed, 376 ; Herreshoff furnace, 377 ; Well or fore-

hearth, 377 ; Bruce Mines smelting works, 378 : Sudbury smelting works, 378, 404, 405, 430 ;

Description of the furnace, 379 ; Composition of the matte, 380 ; Alloys of nickel and steel,

381 ; Antiquity of copper and tin alloys, 381 ; Nickel a modern metal, 381 ; Progress in the

treatment of the metal and new uses found for it, 382 ; Discoveries of Hall and Marbeau,,

382 ; Early experiments with alloys of nickel, iron and steel, 382 ; Riley's experiments at the

Glasgow steel works, 383 ; Mechanical tests of the alloys, .384 ; Peculiar effects of nickel on steel,.

384; Torsion tests, 385; Other qualities of nickel steel, 385; Hall's experiments, 386; Considera-

tion of cost as a bar to use, 387 ; Possibilities for Ontario, 388 ; Estimate of Haws & Hartman of

Philadelphia, 388; Skilled labor of first consequence, 389; Water-gas and charcoal as fuel for

smelting iron ores, 390 ; Utilising water power for treatment of ores, 390 ; Cost of producing coke
iron, 391, 397 ; Charcoal from mill refuse, 391 ; Smelting furnaces would promote mining opera-

tions, 392 ; Close gramed ores containing sulphur require crushing, 392 ; Cost of smelting plant,.

292 ; Cost of producing pig iron, 392 ; Protection and bonus, 391, 393 ; Cost of charcoal for

smelting ore, 393 ; Home market for charcoal iron, 394 ; United States market necessary for

the industry in Canada, 394 ; Unsuccessful attempt to set up an iron furnace in Snowdon, 394 ;

The Parry & Mills undertaking, 326, 331, 394, 395 ; Hull furnace, 396 ; Canadian iron trade,

396 ; Lead smelting, 396 ; Canadian consumption of iron, 397 ; Balance of trade, 397 ; Classi-

fication of iron and steel imports, 398 ; Situation of the Pictou iron mines in Nova Scotia ;

398 ; Importance of the iron industry to s icceed the lumber industry, 399 ; Union Iron Company
of Detroit, 399 ; Canadian ores, 400 ; Cost of English and Scotch pig iron, 400 ; Prices of iron,

471 ; Three Rivers iron, 400 ; Londonderry pig iron not suitable for stove plates, 401 : Charcoal
iron would strengthen and improve eastings, 401, 402 ; Manufacture of steel; 402 ; Cheap fuel for

roasting and smelting ores,'402 ; Failure of copper smelting works at Bruce Mines, 403 : Extra«tioi>

of ore by the salt process, 403 ; Copper smelting on the North Shore, 403 ; Economic sorting of ores

for local smelting, 404 ; Smelting at the Wellington mines, 404 ; Calcining copper ore in heaps tO'

eliminate sulphur, 404 ; Smelting works justified by the prospect, 400, 405 ; Cost of mining and
smelting copper and nickel, 405 ; Treatment of arsenical gold ore, 405 ; Puebla smelting works,

427 ; Preparation of ores for the furnace, 475 ; Requirements of a roasting kiln, 478 ; Preparation

of flux, 479 ; Superior quality of charcoal iron, 479 ; Retort and pit charcoal, 480 ; By-products of

charcoal furnaces, 481 ; Properties of charcoal fuel, 482 ; Wood refuse utilised in iron works, 483 ;

Value of water power, 485 ; Husgafvel blast furnace, 486 ; Henderson steel converter, 488.

Smith, Boyd, phosphate mines. See Boyd Smith.
Smiths' Falls, superphosphate of lime, 169, 179 ; Malleable iron works, 329.

\
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Smith & Lacey mica mine, 148, 171.

Snider township, ores, 24, 105, 106, 112, 425, 433, 434.

Snowdon, marble, 83 ; Iron mine, 130, 131, 132, 234, 336 ; Blast Furnace estimates, 334, 394.

Soapstone, 205, 243.

South Australia mining laws, 294, 305.

South Carolina mining laws, 283.

Southampton, salt borings at, 55.

Spain, mininer laws of, 299 ; Copper mines, 371.

Spanish river, copper, 23 ; &old, 27.

Sperrylite, 181.

Sphalerite, 442.

Standard Fertiliser and Chemical company, 169, 179.

Station iron mine, 133.

Statistics, mining 72, 413, 423, 424, 425, 429, 468, 524, 525. See Commercial Conditions and Smelting.

Steel, 212, 224, 243, 246, 254, 353, 362, 381. See Iron and Smelting.
Stobie iron mine, 68.

Stobie copper mine, 24, 58, 89, 103, 378, 433.

Stone, 243. See Building Stones, Marble, etc.

Straight lake, copi er, 106 ; Argentiferous galena, 29.

Storrington, phosphate, 170, 172, 173, 176, 441.

Strange, silver locations in, 202.

Sturgeon river, iron, 22.

Sudbury region, 23, 58, 205, 208, 433 ; Galena, 29, 203 ; Gold, 26, 59 ; Copper, nickel and iron, .59, 66, 6(,

68, 88, 98, 103, 104, 143, 205 ; Composition of ores, 105 ; Sulphur, 180 ; Copper, 23, 24, 88, 103 ;

Composition of ores, 105 ; Silver, 203 ; Smelting works, 378, 404, 405.

Suggestions to prospectors, 450 ; to explorers, 466.

Sulphur, in Sudbuiy, 180.

Sulphuric acid, 161, 180, 243, 375.

Sultana island gold location, 26, 64, 109, 118, 446.

Superior lake. See lake Superior.
Superphosphate of lime, 169, 176, 179, 180.

Survey of the Province, 65, 408, 420, 424, 428 ; of iron locations west of Port Arthur, 144 ;
Mining,

surveying and engineering, 425.

Sydenham, mica, 150 ; Phosphate, 168, 171, 176, 177.

Sweden, mining laws of, 299 ; Charcoal iron manufacture in, 342, 393 ; Mining school of, 512.

Tache gold location, 26.

Talc, 442,

Tamarac mine, 36.

Tamworth, hematite, 130, 133.

Technical instruction, 415, 491, 523 ; Influence of, 506.

Tellurium, 30, 62.

Temagami lake, 15, 20, 23 ; Gold, 26 ; a country full of minerals, 56 ; From North Bay to Lake Temagami,
57 ; Micaceous iron, 151.

Temiscaming lake, 18, 20, 56 ; Limestone, 44 ; Silver and galena, 67 ; Iron, 142.

Terra Cotta, 77, 78 ; Porous, 84 ; Uses of, 85 ; Market, 85.

Tharsis. copper mines, 372.

Thessalon river, gold-veins, 66 ; silver, 203.
Thorold, cement, 55, 77.

Three (3) A silver mine, 28, 35, 36, 195, 198, 202.

Three River.*, iron, 400.

Thunder Bay, 63, 241 ; Zincblende, 30 ; Silver mine, 33, 34, 36, 195 ; Building stone. 205, 233 ; Rocks of, 31.

Thunder Bay Mining company, 195, 198.

Thunder cape, silver, 37, 194.
Tile, 212, 213, 229, 243.
Timber Berth "110," galena, 110.

Tin, 30, 59, 458.

Tip-Top mine, 63.

Titanite, 442.

Tolmie's salt well, 184.

Toronto, tireclay, 54 : Natural gas, 152.

Toronto township clay for ornamental terra cotta, 85.

Toronto Iron company, 31.
Toronto Pressed Brick and Terra Cotta works, 85.

Tourmaline, 442.

Tower iron mines, 124, 125, 126.
Trap, beds of, .32 ; Trappean overflow, 37 ; Trap dykes, 69.

Treadwell gold mine (Alaska), 27.

Trenton formation, 41 ; Underlying the western peninsula. 42 ; Building stones, 42 ; Gas producing, 42.

Tudor, gold, 28, 110 ; Lead, 30."

Turner's island, phosphate, 439, 441.

United States mining laws, 277 ; Technical schools in the, 502.

Utah mining laws, 283.
Utica formation, 42.

Value of mineral products, 209.

Vankoughnet, lead, 60.
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Van Normans furnaces, 320, 326, 327.

Vaseline. See Petroleum.
Vermilion, copper mine, 24, 26, 66, 88, 89, 104, 105, 108, 112, 113, 257, 434 ; Platinum, 181 ; Gold, 112, 205.

Vermilion Gold company, 26, 425.

Vermilion iron range, 68, 123 ; Theoretic folding of the series of schists of, 124.

Verte island, sandstone, 74, 79, 235.

Victoria mine, argentiferous galena, 29, 30, 147, 203 ; Zinc, 30.

Victoria county, iron, 132, 395.

Victoria marble quarry, Madoc, 80.

Victoria mming laws, 291 ; School of Mines, 521.

Victoria cape, gold location, 26.

Wabigoon lake, iron, 22, 144.

Wages at copper mines, 101, 102, 104, 406 ; at silver mines, 199, 200, 201, 202 ; at iron mines, 135, 400 ; r.t

mica mines, 149 ; in the oil regions, 158, 162. 164, 165 ; at phosphate mines, 172, 173, 176. 178 : at

salt works, 188, 191.

Wahnapitse lake, copper, 24 ; Gold, 27, 112, 434, 435 ; Valuable mineral discoveries at, 434.

Wallace copper mine, 24, 67, 91, 97.

Wallace iron mine, 123, 142, 143.

Wallbridge iron mine, 127, 132.

Walkerton, lithographic stone, 45.

Warmington Stone and Marble company, 228.

Washington University, St. Louis, 505, 512.

Waters, ores in, 105 ; Gold, 112, 433 ; Copper, 24.

Wellington mine, 23, 91, 96. 100, 101, 404.

West Canada Mining company, 95, 96, 97, 238, 403.

West End Silver Mountain m'ine, 35, 196, 199, 202, 240, 428.

Western Ontario region, 54.

Whitby, natural ffas, 152.

Whitefish lake, silver region, 36, 202, 206, 207, 208, 239, 240, 241.

Whitefish rive*, copp'H-, 24, 97 ; Gold, 91.

White Sand river. 30.

Whiting, 243.

Wigan Mining and Mechanical School, 493.

Wilbur iron mine, (see Levant), 123, 129, 135, 136, 233, 292.

Williams gold location, 110.

Williams iron location, 135, 136.

Wilson iron location, 136.

Wilsonite, 442.

Wingham, salt, 45, 184, 187, 188.

Winnipeg Consolidated gold mine, 23, 64, 109, 115, 116, 117, 446.

Wisconsin mining laws, 283 ; University of, 512.

Wolf river, lead, 38.

Wollaston, iron, 127, 133.

Wood alcohol, 88, 481.

Woodchuck gold location, 118.

Wool oil, 158.

Worcester Free School, Massachusetts, 505.

Wroxeter, salt boring, 55.

Wyoming mining laws, 284.

Y 1 mine, 199.

Yale College, Sheffield Scientific School. 504.

Yorke quarries, 74, 79.

Zanesville Iron company, 133.

Zenith mine, zinc, 30, 63.

Zincblende, 10, 30, 59, 61, 62, 63, 198, 200, 203, 204, 205, 4.59.

Zircon, 442.
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